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PE ST ANIMAL & W E E D SY M POSIUM 2019

It is my pleasure to welcome you all to the inaugural 2019 Pest 
Animal and Weed Symposium on the Gold Coast.

Thanks to the backing of the Weed Society of Queensland and the 
strong support from delegates and presenters, we are pleased to 
deliver a symposium that is relevant to the entire industry. I would 
also like to thank our sponsors, exhibitors, event managers and 
committee volunteers for their contributions towards the success of 
this year’s symposium.

I’m sure you will agree we have a great program, with an inspiring 
opening address, three exceptional keynote speakers, 50 oral 
presentations, five speed presentations, eight video submissions 
and 20 posters on display, we hope to encourage delegates to 
challenge themselves in managing pest animals and weeds. 
Please take the time to share your knowledge and I look forward to 
meeting all of you at this year’s symposium.

Chairperson 
2019 Queensland Pest Animal and Weed Symposium

BROUGHT TO YOU BY



Symposium Program

DAY ONE: MONDAY, 20 MAY 2019
4:30pm - 7:00pm Registration Desk Open Sea World Resort Conference Centre

5:00pm - 7:00pm Welcome Reception  
Location: Exhibition Area, Sea World Resort Conference Centre  
Dress: Smart Casual

6:00pm Welcome Address  
Cr Hermann Vorster, City of Gold Coast

DAY TWO: TUESDAY, 21 MAY 2019
From 6:30am Buffet breakfast at leisure in Shoreline Restaurant for guests staying at the Sea World Resort

7:00am - 4:45pm Registration Desk Open Sea World Resort Conference Centre

PLENARY SESSION Room: Conference Centre Room 1 & 2

8:00am - 8:05am Symposium Opening 
Iain Jamieson, Chair, PAWS 2019 Organising Committee

8:05am - 8:10am Welcome to Country 
Jellurgal Elder

8:10am - 8.13am Platinum Sponsor Address 
Rob Smith, Manager Health Regulatory & Lifeguard Services, City of Gold Coast

8:15am - 8:30am Opening Address 
Naomi Edwards, Intrepid Landcare

8:30am - 9:15am Keynote Address: The Importance of Thinking 
John Clarkson, Queensland Parks and Wildlife Service

9:15am - 9:30am Invasive Pests Control Scheme - a new approach to managing pests at the local government level  
Mathew Warren, Southern Downs Regional Council

9:30am - 9:45am Property Pest Management Plans, innovative tools or an administrative burden:  
a Whitsunday perspective  
Scott Hardy, Whitsunday Regional Council

9:45am - 9:55am Q&A with Speakers

9:55am - 10:30am Morning Tea, Exhibition & Poster Viewing

10.30am - 12.00pm CONCURRENT SESSION 1 
Room: Conference Centre Room 1 

CONCURRENT SESSION 2 
Room: Conference Centre Room 2

10:30am - 10:45am Tilapia busters – it’s all about the bass,  
no treble  
Iain Jamieson, City Gold Coast 

Environmental DNA as a tool for pest species 
detection and monitoring  
Cecilia Villacorta Rath, James Cook University 

10:45am - 11:00am Community led action in the Bulimba Creek 
Catchment - Empowering individuals through 
simple, hands-on actions 
Stefan Hattingh & Carly Murphy, Bulimba Creek 
Catchment Coordinating Committee

Do dingoes suppress feral cats? Spatial and 
temporal activity of sympatric feral cats and 
dingoes in central Queensland 
Bronwyn Fancourt, University of New England

11:00am - 11:15am Using a participatory approach to encourage 
model adoption in managing invasive species 
Justine Murray, CSIRO

AutoWeed: Detecting Harrisia Cactus in the 
Goondiwindi region for selective spot-spraying 
Brendan Calvert, James Cook University 

11:15am - 11:30am Community-based invasive species 
monitoring – FeralScan update and future 
directions  
Peter West, NSW Department of Primary Industries 

Interactive dashboards for adaptive predator 
management on APN country  
Jens Froese, CSIRO 

11:30am - 11:45am Partnering to improve early detection of 
marine pest threats  
Anita Ramage, Biosecurity Queensland 

Wetblade Technology - Combining mechanical 
clearing and herbicide application to open 
neglected firebreaks and access tracks in 
eucalypt plantation forestry  
Geoffrey Messer, VegMan Planning 

11:45am - 12:00pm Q&A with Speakers Q&A with Speakers

12:00pm - 1:00pm Lunch, Exhibition & Poster Viewing

SYMPOSIUM PROGRAM
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1:00pm - 2.15pm CONCURRENT SESSION 3 
Room: Conference Centre Room 1

CONCURRENT SESSION 4 
Room: Conference Centre Room 2

1:00pm - 1:15pm Fallow deer control on the Granite Belt  
Holly Hosie, SQ Landscapes

Use of HOGGONE® meSNTM feral pig bait for  
the reduction of feral pig populations  
in Australia 
Linton Staples, Animal Control Technologies Australia 

1:15pm - 1:30pm Will Australian Endemic Pathogens Weaken 
The Might of Giant Rat's Tail (GRT) Grass?   
Joseph Vitelli, Biosecurity Queensland 

Efficacy and strategic use of PAPP-based 
ejectors for the control of dingoes and foxes  
Benjamin Allen, University of Southern Queensland 

1:30pm - 1:45pm Controlling weed recruitment in isolated 
areas of Cape York Peninsula  
Melissa Setter, Biosecurity Queensland

Advancing splatter gun technology for rangeland 
weeds  
Shane Campbell, The University of Queensland 

1:45pm - 2:00pm Persistence, Dedication and Collaboration - 
The Key Towards Eradication of Bitou Bush 
on World Heritage Listed K’gari-Fraser Island 
Linda Behrendorff, Queensland Parks and Wildlife 
Service 

Old Dogs and New Tricks: SCC Coastal Fox 
Program  
Rita Everitt, Sunshine Coast Council 

2:00pm - 2:15pm Q&A with Speakers Q&A with Speakers

2:15pm - 2:45pm Afternoon Tea, Exhibition & Poster Viewing  

PLENARY SESSION Room: Conference Centre Room 1 & 2   

2:45pm - 3:30pm Keynote Address: Finding the right tools for the job 
Joseph Vitelli, Biosecurity Queensland, Department of Agriculture and Fisheries

3:30pm - 3:45pm Restoring Paradise: Partnerships in Pest Management on the Gold Coast  
Wal Mayr, Gold Coast Catchment Association 

3:45pm - 4:00pm Exclusion Fencing and Holistic Outcomes  
John Cuskelly, Biosecurity Queensand 

4:00pm - 4:15pm Q&A with Speakers

4:15pm - 4:30pm Speed Presentations 

Implications of a hidden seedbank for the eradication of red witchweed  
Anna Williams, Department of Agriculture and Fisheries

Tilapia: To eat or not to eat?  
Bonnie Holmes, Biosecurity Queensland

Host specificity testing of a new candidate for the biocontrol of mother-of-millions  
Natasha Riding, Queensland Government

Control of problem trees: the InJecta® System for application of Di-Bak® Parkinsonia and  
Di-Bak herbicide capsules  
Ken Goulter, Bioherbicides Australia Pty Ltd

Policy to paddock: lessons learnt from the implementation of new biosecurity legislation  
Shauna Potter, Wild Matters

4:30pm - 4.45pm Day One Concludes & Housekeeping

Free Night for Delegates 
Check the Symposium website & app for dining suggestions.

5:00pm - 7:00pm WSQ Members Only Function 
Location: Presidential Room, Sea World Resort
Dress: Smart Casual                 
A function for members of the Weed Society of Queensland only. Tickets required.  
Drinks & canapes provided.
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DAY THREE: WEDNESDAY, 22 MAY 2019
From 6:30am Buffet breakfast at leisure in Shoreline Restaurant for guests staying at the Sea World Resort

FIELD TRIPS

Trip 1 - COASTAL & AQUATIC                         
Dress: Sun Safe - Closed-in shoes, approriate walking clothes, water bottle, sunglasses, hat & sunscreen

7:15am Meet in the Sea World Resort hotel lobby at 7:15am for a prompt 7.30am walking departure

4:00pm Bus will return delegates to Sea World Resort

Trip 2 - HINTERLAND & BEYOND    
Dress: Sun Safe - Closed-in shoes, approriate walking clothes, water bottle, sunglasses, hat & sunscreen

7:15am Meet in the Sea World Resort hotel lobby at 7:15am for a prompt 7.30am bus departure

4:30pm Bus will return delegates to Sea World Resort

Trip 3 - CROSSING THE BORDER                                               
Dress: Sun Safe - Closed-in shoes, approriate walking clothes, water bottle, sunglasses, hat & sunscreen

6:45am Meet in the Sea World Resort hotel lobby at 6:45am for a prompt 7.00am bus departure

4:30pm Bus will return delegates to Sea World Resort

5:45pm - 11:00pm Symposium Dinner                  
Location: QT Gold Coast 
Dress: Smart Casual 
Bus Transfers: Meet in the Sea World Resort hotel lobby at 5.45pm for a prompt 6.00pm bus departure 

DAY FOUR: THURSDAY, 23 MAY 2019
From 6:30am Buffet breakfast at leisure in Shoreline Restaurant for guests staying at the Sea World Resort

7:45am - 8:45am Optional activity for delegates: Exclusive Tour of Shark Bay, Sea World 
Come face to face with sharks during a guided tour of Sea World's award winning attraction. 
Meet promptly at 7:45am at Sea World Resort and Water Park's monorail entrance, just past reception.  
You will then be escorted to Shark Bay for a private viewing of the sharks! Following the tour, return back to 
the Sea World Resort Conference Centre for session commencing promptly at 8:55am.

8:30am - 3:00pm Registration Desk Open Sea World Resort Conference Centre

PLENARY SESSION Room: Conference Centre Room 1 & 2

8:55am - 9:00am Welcome & Housekeeping 
Iain Jamieson, Chair, PAWS 2019 Organising Committee

9:00am - 9:45am Keynote Address: Making a real difference in the damage caused by pest animals and weeds 
David Berman, University of Southern Queensland

9:45am - 10:00am Reorganising the rabbit control toolbox: Do we need to reach for virus first?  
Peter Elsworth, Department of Agriculture and Fisheries 

10:00am - 10:15am Counting deer not tourists on the Sunshine Coast  
Matt Amos, Department of Agriculture and Fisheries 

10:15am - 10:30am Q&A with Speakers

10:30am - 11:00am Morning Tea, Exhibition & Poster Viewing 

11:00am - 12.30pm CONCURRENT SESSION 5 
Room: Conference Centre Room 1

CONCURRENT SESSION 6 
Room: Conference Centre Room 2

11:00am - 11:15am Evaluation of different baiting strategies for 
the control of feral cats in eastern Australia  
Bronwyn Fancourt, University of New England

Occurrence of bacterial pathogens and 
antimicrobial resistance in peri-urban wild dogs  
Lana Harriott, Department of Agriculture and Fisheries 

11:15am - 11:30am The carrot is mightier than the stick; 
Government led community mobilisation 
success in managing the yellow crazy ant 
Anoplolepis gracilipes (Smith)  
Zackary Severino, Wet Tropics Management 
Authority 

Tropical soda apple - Can we prevent its 
establishment in Qld from the lessons learnt from 
Northern NSW  
Philip Courtney, Rous County Council 

11:30am - 11:45am Managing wild dogs and foxes at a landscape 
scale on the Gold Coast  
Kellie Pforr, City of Gold Coast 

Drones VS Helicopters for broad-scale animal 
surveys - Considerations for future use  
Matthew Gentle, Biosecurity Queensland
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11:45am - 12:00pm Pests, Partnerships and People Power on the 
Western Downs 
Carissa Hallinan, Western Downs Regional Council

Using odour detection dogs and today’s 
technology  
Dennis Gannaway, Bellden Environmental Services 

12:00pm - 12:15pm What really goes on out there? - Monitoring 
Pest Animals Over A Landscape Scale  
Chris Gaschk, Western Downs Regional Council 

Feral Rusa Deer and community engagement in 
the Gympie Region  
Bree Galbraith, Gympie Regional Council &  
Jessica Bracks, Ecosure 

12:15pm - 12:30pm Q&A with Speakers Q&A with Speakers

12:30pm - 1:30pm Lunch, Exhibition & Poster Viewing

PLENARY SESSION Room: Conference Centre Room 1 & 2

1:30pm - 1:45pm Preventing the naturalisation of high-risk animals and plants in Queensland  
Steve Csurhes, Biosecurity Queensland 

1:45pm - 2:00pm Border Control. It’s not just an American problem. 
Charisse Anderson, Fitzroy Basin Association 

2:00pm - 2:15pm Field Evaluation of Wild Dog Baits: Doggone or not?  
Darryn Higgins, Cook Shire Council 

2:15pm - 2:30pm Habitat Selection of Red Foxes in Coastal Environments  
Olivia Kimber, University of the Sunshine Coast 

2:30pm - 2:45pm Q&A with Speakers

2:45pm - 3:00pm Symposium Awards & Closing Remarks                                                                                                                                          
Iain Jamieson, Chair, PAWS 2019 Organising Committee

The organisers reserve the right to make necessary changes without notice. 

For the most up to date version, visit www.paws2019.com or the Symposium app.

SYMPOSIUM APP
Download the free ‘Guidebook’ App and search  

‘PAWS 2019’
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THE IMPORTANCE OF THINKING 
 

J.R. Clarkson 
Queensland Parks and Wildlife Service, PO Box 975, Atherton QLD 4883 

 
 
ABSTRACT 
 
It is not unusual for land managers to be faced with more weed and pest issues than they 
have time or available resources to address. Attempting to deal with all of the issues can 
result in nothing being done very well. This begs the question, what is to be done and can 
some things be left undone? This paper discusses, with examples, six important questions 
that, if considered before undertaking control operations, will help ensure pest 
management programs are effective now and into the future. 
 
Keywords:  values, objectives, control operations, thinking, planning. 
 
 
INTRODUCTION 
 
When dealing with weeds and pest animals, land managers are often faced with more 
issues than they have time or available resources to deal with. Effective control operations 
are usually dependant on accepting the following maxims: 
 

 you will never be able to do everything you should or would like to do 

 you will never be able to do everything everywhere 

 if you try to do everything everywhere, you will do nothing very well anywhere. 
 
The distinction between “should” and “like” is important. They are often not the same thing. 
How often are things that should be done overlooked in favour of doing things we like 
doing? 
 
This then begs the question, what is to be done and what can be left undone?  This paper 
discusses, with examples, six important questions that should be considered before 
undertaking control operations. These are: 
 

 What is it that you value? 

 How healthy is the thing you value and what threats are present? 

 What are you attempting to achieve? 

 How can you measure progress towards the objective you have set and use this to 
inform future work? 

 How can you let others know what you have achieved? 

 What can you do to teach and mentor others? 
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VALUES 
 
Values are simply the things that make a place special.  For a manager of a national park 
or conservation area the value might be a rare species, a species with a restricted natural 
range, or large tracts of intact vegetation where ecological processes are functioning well 
and the species that depend on them are secure.  For a primary producer the value may 
be a fertile paddock ideal for growing crops or productive pasture for grazing cows. For 
miners the value may be a coal seam or mineral deposit. For Aboriginal and Torres Strait 
Islanders, special places, like story places and rock art, can have a spiritual dimension that 
non-indigenous people might have difficulty understanding.  None of these views are 
wrong, just different, and acknowledging these diverse views is an important step towards 
dealing with weeds and pest animals.  Being clear about what your values are is critical to 
determining your priories for pest management. 
 
THREATS TO VALUES 
 
If you accept the maxim that attempting to do everything everywhere will result in nothing 
being done very well anywhere, given limited time and resources, effective control of 
weeds and pest animals can depend on deciding what should be done and what can 
perhaps be left undone.  The best way to determine this is to focus the current health of 
the value and what impact the pest is imposing on it.  The notion that a value can sustain 
some impacts while not being wholly compromised is known in agriculture as economic 
threshold or economic injury level.  This is the amount of injury which will justify the cost of 
artificial control measures.  It is a concept that could be applied more widely in pest 
management.  For example, allowing short, sward forming grasses to grow undisturbed on 
road verges rather than repeatedly spraying or slashing them. 
 
OBJECTIVES 
 
Prevention, eradication, containment and impact reduction (asset protection) are widely 
advocated as strategic objectives for weed and pest control programs (Grice 2009). 
However, while these terms are widely applied, they are often not clearly defined.  The 
lack of a definition at the start of a control program can result in failure to set long-term 
goals.  This led Clarkson and Grice (2013) to present definitions of each term thus 
providing a more consistent and objective basis for assessing the likelihood of success if a 
targeted, integrated and sustained program is initiated. 
 
Establishing objectives (or goals) and the development of their respective action plans are 
the most critical steps in dealing with pest animals and weeds.  Developed within the 
corporate sector, one way of ensuring objectives are well thought out is to think of the 
acronym SMART (Doran 1981).  With some modification the letters stand for: 
 
Specific - does the objective address the threat to the value? 
Measureable – can progress towards the objective be measured? 
Achievable – are the available control methods capable of delivering the objective 
Resources – are there sufficient resources to sustain the effort required? 
Time frame – is the time frame suggested realistic based on the biology and distribution of 
the pest? 
 
MEASURING SUCCESS 
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Monitoring and reviewing progress towards predefined objectives is vital to effective weed 
management programs. 
 
The measures of success need not be complicated.  In some sectors, for example primary 
industries, crop yield and gross returns can provide ready measures but for others the 
values are not easily expressed in dollar terms and more imagination will be required. 
 
The importance of program review was well demonstrated in a case study of the 
management of lion’s tail on Rinyirru (Lakefield) National Park (Clarkson et al. 2012).  The 
program was notable for the sustained effort that had been made but the review concluded 
that the objective of eradication of lion’s tail from the park was unlikely without some 
modification of the approach. The review noted the need for improved delimitation and a 
shift in where efforts were concentrated. 
 
COMMUNICATION 
 
Communication is an area where nearly everyone involved in weed and pest control can 
improve.  Everyone has a story to tell of success, or failure, and has access to a place to 
tell it but so often the wisdom goes unshared.  It doesn’t have to be shared in a peer 
reviewed paper in an international journal to be effective in helping others in their pest 
management struggles.  Think of the newsletter, Invasive Issues, produced by the Weed 
Society of Queensland.  A few hundred words and a couple of photos with good captions 
are all that is needed.  And, in this day and age, don’t forget social media.  The media can 
pick up a good news story and spread it widely. 
 
TRAINING AND MENTORING 
 
Modern organisations pay particular attention to ensuring staff are suitably trained in 
issues related to safe work practices, work environments and the technical aspects of the 
tasks to be undertaken.  They are perhaps less attentive to the fact that they have, in their 
staff, a valuable resource for teaching and mentoring others in how to think.  This ability 
does not just reside in older staff who have been on the job for ages.  It is possible to 
teach older, experienced staff new ways of approaching tasks and sometimes the best 
people to do this are younger staff. 
 
 
CONCLUSION 
 
It is important to understand where we are now, where we want to be at various times in 
the future, how we are going to get there, and how we are going to measure our 
effectiveness.  Care should however, be taken to avoid getting caught in the trap of 
spending so much time thinking and planning that nothing gets done.  Underpinning 
everything should be the concept of adaptive management.  This is the cycle of planning, 
doing, evaluating and readjusting as necessary, to deliver an objective. 
 
 
REFERENCES 
 
Clarkson, J.R. and A.C. Grice (2013). Managing plant invasions: Strategic options defined. 
In O’Brien, M, Vitelli, J. and Thornby, D (eds). Proceedings of the 12th Queensland Weed 
Symposium. Hervey Bay 15th-18th July 2013. pp. 35-38. 
 



8 
 

Clarkson, J.R., Grice, A.C. and Dollery, C. (2012a).  Chasing the lion’s tail. The value of 
program review: A case study from the management of Leonotis nepetifolia (L.) R.Br. on 
Rinyirru (Lakefield) National Park. In Eldershaw, V. (ed). Proceedings of the 18th 
Australasian Weeds Conference.  Weed Society of Victoria Inc.  pp. 53-56. 
 
Doran G.T. (1981). There’s a S.M.A.R.T. way to write management’s goals and objectives. 
Management Review 11:35-36 



9 
 

INVASIVE PESTS CONTROL SCHEME - A NEW APPROACH TO 
MANAGING PESTS AT THE LOCAL GOVERNMENT LEVEL 

 

Mathew Warren1, Craig Magnussen1 
1Southern Downs Regional Council PO Box 26, Warwick QLD 4370 

 
 
ABSTRACT  
 
Southern Downs Regional Council's (SDRC) Invasive Pests Control Scheme (IPCS) is an 
innovative approach to increasing voluntary compliance with invasive pest management 
obligations.  Prior to the IPCS, SDRC ran a comprehensive private property inspection and 
compliance program.  This proved to be inefficient and largely ineffective.  The IPCS 
introduces a pest management levy coupled with an upfront concession.  Landholders that 
fulfil their invasive pest management obligations retain their concession; those that do not 
meet their obligations have their concession removed via issue of a supplementary rates 
notice.  Levies collected contribute to offsetting the costs associated with dealing with 
uncontrolled invasive pests and are invested in strategic initiatives that provide regional 
benefit.  The IPCS has had in instant impact on the level of invasive pest control occurring 
in the Southern Downs Region and SDRC continues to work on quantitatively assessing 
the merit of the Scheme.  Interest continues to grow in the IPCS from local governments 
and other agencies involved in land management with SDRC believing the scheme is 
readily transferable.  SDRC looks forward to sharing the outcomes of the future 
evaluations to enable other local governments to make informed decisions as to the 
suitability of such a model to their respective areas. 
 
Keywords: invasive pests, voluntary compliance, levy, concession. 
 
 
INTRODUCTION 
 
Southern Downs Regional Council's (SDRC) Invasive Pests Control Scheme (IPCS or the 
Scheme) is an innovative approach to reducing the impact of invasive pests on the 
Region’s productivity, biodiversity and amenity.  The intention of the IPCS is to place the 
onus of identifying and controlling invasive pests upon the landholder, in line with the 
general biosecurity obligation imposed by the Biosecurity Act 2014.  The IPCS seeks to 
achieve this by increasing voluntary compliance by landowners with their invasive pest 
management obligations. 
 
Prior to the IPCS, SDRC ran a comprehensive private property inspection and compliance 
program.  This proved to be inefficient and largely ineffective.  On the individual property 
level, the cost of the compliance effort often outweighed the cost of control, and, on a 
regional level, infestation levels and therefore impacts of pests were generally getting 
worse not better.  Council designed the IPCS so as only those landholders that do not 
control invasive pests on their own lands contribute to offsetting those costs. 
 
This paper outlines how the IPCS is administered, provides a brief analysis of how it is 
performing so far, discusses some of the challenges faced and looks at some of the early 
benefits the IPSC has provided. 
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AN OUTLINE OF THE IPCS 
  
Who is subject to the IPCS? 
The IPCS is applied to all land within certain general rating categories, regardless of the 
use of the land.  Examples of the types of land included in the Scheme include: all primary 
production properties; large residential properties in rural areas; commercial properties in 
rural areas; extractive industry properties; and properties used for special uses. 
 
In 2017/2018 the scheme included 5,815 properties ranging in size from small rural 
residential blocks to >10,000 ha grazing enterprises.  The properties subject to the IPCS 
are continuously being reviewed.  The refinement is aimed at improving the efficiency of 
the Scheme and ensuring that those property types most likely to contain invasive pests 
are included.  A total of 5,309 properties are subject to the Scheme in 2018/2019. 
 
How does the IPCS work? 
The head of power for the IPCS resides in the Local Government Act 2009 and the Local 
Government Regulation 2012 (Part 6, Special Rates and Charges).  The IPCS introduces 
a pest management levy coupled with an upfront concession.  Landholders that fulfil their 
invasive pest management obligations retain their concession; those that do not meet their 
obligations have their concession removed via the issue of a supplementary rates notice. 
 
Owners of properties subject to the IPCS receive a customised Control Works Form 
(CWF).  Once completed, the CWF becomes a basic property pest management plan.  It is 
the responsibility of each landowner to identify all declared invasive pests (plant and 
animal) on their property.  A focus is placed on the top five invasive pests in the Southern 
Downs region (African boxthorn (Lycium ferocissimum), blackberry (Rubus 
anglocandicans), tree pear (Opuntia tomentosa), rabbits (Oryctolagus cuniculus) and wild 
dogs (Canus familiaris)).  However, all species declared under the Biosecurity Act 2014 
and additional species declared by Local Law are also included.  Landowners are required 
to describe the control methods to be undertaken for each of the identified invasive 
species and provide an expected completion date for the control works that are proposed 
for the IPCS year.  The latest valid completion date for completing control works is April 
30th.  If a landholder does not identify any invasive pests on their land, the CWF must be 
returned indicating the absence of any invasive pests.  Pest Management Officers 
(Officers) are available to assist landowners with completing their CWF by providing 
assistance with identification of invasive pests and advice on best practice control 
methods.  Landowners must return their CWF to council within 30 days of its receipt.  
Should a landowner fail to submit their CWF in this timeframe, a reminder letter is sent 
providing a further 30 days within which to submit a CWF. 
 
Officers review the content of CWFs as they are received.  If the Officers are satisfied with 
the level of detail, accuracy of the information and the proposed control works submitted 
on the form, an acceptance letter is issued to the landholder.  As part of the review 
process, Officers may inspect properties and/or communicate with landholders where the 
proposed works are not satisfactory or Officers believe the pest identification is inaccurate. 
 
The landowner must complete the approved control works in the timeframe indicated on 
their CWF.  Once the completion date passes, Officers conduct property inspections to 
verify approved control works have been completed. 
 
Supplementary rates notices are issued to landowners who fail to submit a CWF and to 
landowners that fail to undertake the control works indicated on their CWF.  Upon receipt 
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of a supplementary rates notice, landowners are able to seek a review of the decision and 
may have their levy concession reinstated and supplementary rates notice revoked, should 
satisfactory invasive pests control be demonstrated or special consideration be granted. 
 
How are IPCS levies used? 
IPCS levies are calculated according to the unimproved value of the land, with the 
minimum levy set at $500 and the maximum levy being approximately $6,000.  By law, 
revenue generated through levies must be used for the purpose for which it was collected.  
All levies collected through the Scheme are used to administer the Scheme and offset the 
costs associated with dealing with uncontrolled invasive pests.  Levies are also invested in 
strategic initiatives that provide regional benefit.  Initiatives funded by IPCS revenue 
include: the purchase of portable, motorised herbicide spray units and cactus injectors for 
subsidised hire to landowners; provision of educational pest management field days; aerial 
baiting programs targeting wild dogs; feral deer control; and, the supply of meat baits to 
landowners participating in SDRC’s coordinated wild dog baiting programs. 
 
 
HOW IS THE IPCS PERFORMING? 
 
In its first year of implementation (2017/2018), the IPCS cost more to administer than it 
recouped in revenue, however, its aim is not to make money; it is to reduce the impacts of 
invasive pests on the productivity, biodiversity and amenity of the Southern Downs. 
 
Data has been compiled from the CWFs submitted by landowners, an on-line survey and 
property inspections.  This data has enabled some preliminary analysis of the 
effectiveness of the IPCS.  Some of the key outcomes of this analysis include: an increase 
in awareness of the impacts of invasive pests and landowner responsibilities (Figure 1); an 
overall reduction in the area of land subject to the IPCS that contains invasive pests 
(Figure 2); and a reduction in the number of properties that contain the top 5 invasive 
species (Figure 3). 
 

 
Figure 1.  Change in landowner awareness of the impacts of invasive pests and 
management obligations since the introduction of IPCS. 
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Figure 2.  Change in the area of land containing invasive pests across IPCS years. 
 

 
Figure 3.  Change in the number of properties reporting the top 5 invasive pest species 
across IPCS years. 
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Table 1.  A comparison of key metrics between the 2017/2018 and 2018/2019 IPCS years. 

IPCS Year 2017/2018 2018/2019 

Properties subject to IPCS 5,815 5,309 
CWFs returned 5,278 (91 %) 4,926 (93 %) 
Reminder letters issued 2168 1519 
CWFs assessed by Officers  4343 4869 (to date) 
Property inspections  684 1017 (to date) 

 
 
CHALLENGES 
 
Past 
The main initial challenge was gaining acceptance of the Scheme by landowners.  This 
was overcome through a significant consultation process with landowners prior to the 
Scheme’s adoption by Council.  The consultation process highlighted the sound policy 
basis of the Scheme along with Council’s undertaking to adopt a case by case, yet 
regionally consistent and common sense approach to assessing landholders’ compliance.  
The overwhelming support shown by landholders for the implementation of such a 
Scheme gave Council the confidence to resolve to adopt the IPCS. 
 
Current 
The Southern Downs region is currently experiencing severe drought.  This has increased 
stress on many landowners as they deal with the significant additional financial, emotional 
and time costs associated with managing their enterprises under drought conditions.  To 
overcome this challenge Officers have adopted an empathetic and common sense 
approach to enforcement and are dealing with impacted landowners on an individual case 
by case basis.  Landowners are able to revise their CWF to reduce the amount of control 
works to be performed and/or modify the date when works will be completed.  The majority 
of landowners are voluntarily complying with the requirements of the IPCS however. 
 
Future 
The IPCS was initially endorsed by SDRC for a three year period (2017/2018 to 
2019/2020). At the end of this period the policy is to be reviewed and will require 
endorsement by Council for the Scheme to continue.  In order to gain an accurate 
understanding of the costs and benefits of the Scheme, for Council’s own benefit and that 
of other local governments looking to adopt a similar approach, a triple bottom line 
analysis is to be undertaken. 
 
 
BENEFITS OF THE IPCS 
 
The IPCS is in its second year of implementation in the Southern Downs and while SDRC 
is continuing to measure and evaluate its effectiveness, a range of indicators point to its 
success: 

• Presence / absence mapping at the property level indicate a reduction of 
approximately 24,000 hectares in the area of land infested by invasive pests 
after the first year of implementation (Figure 2); 

• Officers are noting an unprecedented amount of weed control and pest animal 
baiting participation occurring around the Region; 

• Anecdotal evidence suggests a significant increase in activity in the local pest 
management contractor market; 
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• SDRC has been able to leverage off the IPCS to receive external funding for 
invasive pest control initiatives; 

• Many other local governments from Queensland and across Australia have 
expressed an interest in SDRC’s IPCS. 

 
 
CONCLUSION 
 
The IPCS is unique in Queensland but is readily transferable to other local governments 
as its head of power is provided through commonly used provisions of the Local 
Government Act 2009.  SDRC believes that the IPCS has overcome many of the barriers 
to achieving effective levels of voluntary compliance with invasive pest control obligations.  
There is strong support from Southern Downs landowners and SDRC is measuring the 
change in attitudes and behaviours towards pest control of the community.  SDRC is 
continuing to evaluate the effectiveness of the IPCS and looks forward to sharing the 
outcomes to enable other local governments to make informed decisions as to the 
suitability of such a model to their respective areas. 
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PROPERTY PEST MANAGEMENT PLANS, INNOVATIVE TOOLS OR 
ADMINISTRATIVE BURDEN: A WHITSUNDAY PERSPECTIVE 

 

Scott Hardy1 and James Gubby1 
1Whitsunday Regional Council, Po Box 104, Proserpine, 4800 

 
 
ABSTRACT  
 
The Whitsunday Regional Council has used a Property Pest Management Plan (PPMP) 
framework and an incentive program to assist land managers plan, and over time reduce 
weed infestations.  Council staff develop a property-based pest management plan 
collaboratively with the land manager which contains a control strategy, advice on 
herbicide and mechanical control measures and herbicide technical information.  Once the 
land manager enters into the non-statutory Property Pest Management Plan agreement, 
they become eligible for rebates on selected herbicide and mechanical machinery costs to 
treat tree weeds. 
 
Council staff have reviewed the effectiveness of the PPMP framework and weed 
management incentive scheme.  From 2000 to 2018, the council has issued a three-year 
Property Pest Management Plan to 239 land managers.  In November 2018, there were 49 
current PPMPs covering an area of more than 158,977ha.  In 2017-18, 45 land managers 
accessed the weed management incentive scheme.  From May 2018 to February 2019, 31 
PPMP were developed covering 44,738ha and taking 161 hours.  The Council review also 
made the following conclusions: 
 

 The management of the PPMP framework is time consuming. 

 It is difficult to develop a comprehensive Property Pest Management Plan for every 
land manager and renew every three years with existing resources. 

 It is difficult to determine over the region whether there has been a reduction in 
weed infestations using the framework. 

 The use of the new Biosecurity Orders and Penalty Infringement Notices (PINs) 
may be a more useful tool to drive infestation control. 

 Land managers in general do see value in the framework and incentive scheme. 

 Land managers who actively implement their PPMPs do discharge their General 
Biosecurity Obligation. 
 

Keywords: Property pest management planning, incentive scheme, herbicide, 
mechanical, rebate. 
 
INTRODUCTION 
 
Weeds can have an economic, environment and social impact on our community.  The 
Queensland government estimate that weeds reduce the Queensland economy by over 
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$100 million a year.  Weeds can also reduce the real estate value of land because of the 
cost of controlling declared or noxious weeds (DAF, 2016).  
 
The Queensland State government introduced the Queensland Biosecurity Act 2014 which 
came into force in July 2016.  The Biosecurity Act allocates the coordination of feral 
animals and noxious plants to local government.  Local government’s role is to develop 
weed control activities to control and reduce weed infestations on all land within its 
jurisdiction.  
Pest management and planning occurs at all levels of government, however, most of the 
control occurs at the property level by land managers.  DAF state that “planning is 
essential for effective pest management, as it ensures resources are used in the most 
productive and efficient manner”.  The Queensland government suggest that property pest 
management plans can be a useful tool in managing and reducing pests.   The Pest Smart 
organisation consider “a pest management plan developed in consultation with key 
stakeholders should form part of a broader regional or local land management plan” (Pest 
Smart, 2019). 
 
The Whitsunday Regional Council covers 23,863km2. The Whitsunday Council has been 
working with land managers on the development of Property Pest Plans since 2000.  Over 
recent years, more than 239 property pest management plans have been developed.  
Recently the Whitsunday Regional Council conducted a review into the property pest 
management plan process which has been used.  The review of the Property Pest 
Management Plans (PPMP) focused on: 
 

 Whether the process used to develop the PPMP reflect Pest Smart’s suggested 

property pest plan formation steps. 

 The cost and time taken to develop property pest plans. 

 Whether the PPMP led to reductions in weed infestations. 

 Consider whether the development of the PPMP discharges the land managers 

obligations under the Biosecurity Act. 

  

The purpose of this report is to describe the outcomes of the Whitsunday Regional Council 
Property Pest Management Plan review. 
 
 
METHODS 
 
Review of pest management plan process 
 
The Pest Smart organisation (Pest Smart 2019) have developed a six-step system to 
guide the development of property pest management plans.  Pest Smart is coordinated by 
the Australian Centre for Invasive Species Solutions which is a government-industry 
partnership.  According to Pest Smart, the formation of a pest plan should be based on the 
following steps.  

 
Step Description (Pest Smart) 

1 Define the problem 
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2 Determine clear, measurable objectives 
3 Develop a detailed plan of action 
4 Implement the management plan 
5 Monitor and evaluate outcomes 
6 Modify and progress the plan as needed - adaptive management 

 
A qualitative assessment of the Whitsunday pest management plan process will be used 
to compare the Whitsunday process to the suggested Pest Smart six steps.  
 
Review of administration and costs of property pest management planning 
 
The Council will collect administration information for PPMPs developed from May 2018 to 
February 2019.   The information will be gathered from PPMPs developed by one staff 
member over this period for consistency. Historical property pest management data will 
also be collated.  The following property pest plan attributes will be collated for review; size 
of property, number of weeds and extent of weeds, and, time taken for site inspections, 
plan development and approval. 
 
Review of property pest management plan outcomes 
 
The property pest plan process should reflect weed management principles. The 
Australian Weeds Strategy lists seven principles which underpin effective weed 
management (Invasive Plants and Animals Committee 2016). The primary purpose of the 
PPMP process is to reduce the spread or pest plants. To reduce the incursion of pest 
plants the following attributes are important: 

 That the weed species present can be identified. 

 That the weed infestations can be recorded and mapped. 

 That the land manager understands the implications of the weed infestation. 

 That the land manager is engaged and committed to the reduction of the weed 

infestations. 

 That the weed infestations can be monitored over time and the infestation area is 

reducing. 

The council will use a qualitative comparison of the plan process against the five pest plant 
management attributes which reflect many of the Australian Weeds Strategy principles. 
 
Review of property pest management plan and General Biosecurity Obligations 
 
The Queensland Biosecurity Act 2016 lists the “General Biosecurity Obligation”.  Under the 
GBO, individuals and organisations whose activities pose a biosecurity risk must: 

 take all reasonable and practical steps to prevent or minimise each biosecurity risk, 

 minimise the likelihood of causing a ‘biosecurity event’, and limit the consequences 
if such an event is caused, 

 prevent or minimise the harmful effects a risk could have, and not do anything that 
might make any harmful effects worse (DAF, 2019). 
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The Council will qualitatively compare the GBO to the current PPMP process and Plan 
outcomes. 
 
RESULTS 
 
Review of pest management plan process 
 
The review of the Whitsunday Regional Council property pest management plan process 
is summarised in table 1.  The Council PPMPs are developed collaboratively with the land 
managers for a three-year period with annual action plans reflecting seasons. 
 
 
 
 
 
 
 
Table 1. Assessment of the system to develop property pest management plans. 
Step Description (Pest Smart) WRC PPMP description Alignment with 

step 

1 Define the problem 
 

The weeds and extent are listed and 
mapped. 

Good 

2 Determine clear, measurable 
objectives 

Actions and timing are listed. Good 

3 Develop a detailed plan of action 
 

Action plan for each weed is listed with 
herbicide and rates. 

Good 

4 Implement the management plan The timing of the actions are listed. Good 
5 Monitor and evaluate outcomes 

 
Annual inspections are listed but not 
always undertaken. 

Fair 

6 Modify and progress the plan as 
needed - adaptive management 

Plan not changed unless there is a need 
or agreed via follow up inspections. 

Fair 

 
Review of administration and costs of property pest management planning 
 
The review found that the first PPMP was developed in 2000 and that 239 PPMPs have 
been written with land managers.  In November 2018, there were 49 current PPMPs 
covering an area of 158,977ha.  There are a relatively large number of PPMP waiting 
renewal.  The Council currently has one Land Protection Officer to service the PPMP 
framework.   The number of PPMPs and the accompanying statistics for plans developed 
from May 2018 to February 2019 are summarised in table 2.  
 
Table 2. The number of Property Pest Management Plans developed from May 2018 to 
February 2019. 
PPMP item Value 

Number of new PPMP 23 
Number of renewed PPMP 8 
PPMP completed 23 
PPMP underway 8 
Total PPMP from May 2018 to February 2019 31 
Total inspection hours 61 
Total plan preparation hours 73.5 
Total plan agreement and processing 31 
Total Plan preparation time 166 
Total plan application area 44,738ha 

 



19 
 

The time to develop the PPMP varies depending on the distance to the property, 
complexity of the weed infestations and complexity of mapping.  The number of hours on 
average to develop a PPMP is 5.3 hours.  The range of time to develop the Plans is from 3 
hours to 10.5 hours.  If an hourly cost is applied to the development of the PPMPs of $70 
(including on-costs), then each plan on average has cost the rate payers $375.00.  
 
The review found in 2017-18, 45 land managers accessed the weed management 
incentive scheme.  Most of the land managers who have active PPMP were found to have 
accessed the weed management incentive program and purchased discounted herbicide 
at 50% below cost.  A small number of land managers had accessed the incentive 
program for mechanical assistance to remove tree weeds.  
 
Review of property pest management plan outcomes 
 
The review has evaluated whether the PPMP achieves weed management outcomes.  
The PPMP were found to contain information which reflects the weed problem on the 
property and lists the recommendations to control them.  The assessment of the PPMP 
outcomes are summarised in table 3. 
Table 3. The summary of the assessment of the property pest management plan 
outcomes. 
Number Outcome Description Assessment 

1 That the weed species present 
can be identified. 

Site inspections are conducted to identify 
the weeds. 

Good 

2 That the weed infestations can be 
recorded and mapped 
 

Yes, the weeds are mapped from the 
inspection, but only where the inspection 
occurred. 

Good 

3 That the land manager 
understands the implications of the 
weed infestation 

Information is provided in the PPMP and 
brochures provided. 

Good 

4 That the land manager is engaged 
and committed to the reduction of 
the weed infestations. 

The land manager signs an agreement to 
implement the action plans. 

Good 

5 That the weed infestations can be 
monitored over time and the 
infestation area is reducing. 

The weeds are only monitored if the 
Council officer or land manager arranges 
annual inspection. 

Fair 

 
Review of property pest management plan and General Biosecurity Obligations 
 
Landholders have a General Biosecurity Obligation to control pest risks.  The assessment 
of the Property Pest Management Plan outcomes against the General Biosecurity 
Obligations (GBO) are summarised in table 4. 
 
Table 4. The summary of the assessment of the Property Pest Management Plan used to 
meet landholder General Biosecurity Obligations. 
No GBO principle Review assessment Meet GBO 

principle 

1 Take all reasonable and practical steps to 
prevent or minimise each biosecurity risk. 

Risks identified in the PPMP and 
actions listed. 

Yes 

2 Minimise the likelihood of causing a ‘biosecurity 
event’ and limit the consequences if such an 
event is caused. 

Pest plants identified for sections of 
property inspected. 

Limited 

3 Prevent or minimise the harmful effects a risk 
could have, and not do anything that might 
make any harmful effects worse. 

Pest plants identified for sections of 
property inspected. 

Limited 

 
DISCUSSION 
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The Whitsunday Regional Council has conducted a review of its PPMP process, the 
product produced and whether the plans discharge land managers General Biosecurity 
Obligations (GBO).  The Council’s PPMP is developed with land managers for a three-year 
time period.  The PPMP include an annual action plan which lists the weeds, best time for 
spraying and describes the preferred herbicides or other control measures such as 
mechanical or fire.   
 
The Plans include some background information on the Biosecurity Act and the GBO. 
Land managers are required to formally commit to the three-year PPMP by signing an 
agreement at the start of the Plan.  
 
The Whitsunday Regional Council operates a weed incentive program offering 50% rebate 
on selected herbicide and mechanical machinery costs up to $1500 per land manager.  
The Landholders who have PPMP become eligible to apply for discounted herbicide and 
mechanical rebates for weed control. 
 
The review found that 239 PPMP have been produced from 2000 to 2019 with 49 plans 
active. Some land managers have renewed their plans up to five times over the 20 years.  
There were some land managers who have renewed their pest plans and were actively 
using the annual herbicide rebates.  In 2017-18, 45 land managers accessed the weed 
management incentive scheme. 
 
The time taken to develop the PMPP was analysed to determine cost.  The time to 
develop the PPMP varied from 3 to 10.5 hours depending on the distance to the property, 
complexity of the weed infestations and complexity of mapping.  The number of hours on 
average it takes to develop a PPMP is 5.3 hours. If an hourly cost is applied to the 
development of the Property Pest Plans of $70 (including on-costs), then each plan on 
average has cost the rate payers $375.00.  Based on these statistics a PPMP could be 
developed in a day, but in practise the process occurs over often days or weeks 
depending on land manager availability to meet on site and sign and accept the plan.  The 
Plan development process may become disjointed, and can require numerous phone calls 
to organise and develop the Plans.  
 
The Whitsunday PPMP process appears to reflect best practise, but is not fully effective in 
the monitoring and evaluation step.  The annual inspections do not normally occur and the 
Plans are not formally monitored. It is suggested that some improvements could be 
applied to the Whitsunday PPMP process: 
 

 Stream-line the three-year Plan renewal process by reviewing the need for formal 

physical inspections in lieu of land manager phone calls or surveys. 

 The annual inspection could be replaced by a land manager survey and submission 

of weed control activities. 

 The annual inspection and renewal process could include the land manager 

providing a record of days sprayed and location. 

  

The Council has reviewed whether the development of the PPMP discharges the land 
managers General Biosecurity Obligation (GBO).  The Council has found that the 
development of a PPMP is a good start for land managers to discharge their GBO, but on-
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ground control is also needed to demonstrate compliance with the Biosecurity Act.   
Ideally, land managers could keep a record of weed control actions in the appendix of the 
PPMPs and provide these to Council on an annual basis. 
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TILAPIA BUSTERS – IT’S ALL ABOUT THE BASS, NO TREBLE  
 

Iain Jamieson1 and Pete Ker2 

1Council of the City of Gold Coast; ijamieson@goldcoast.qld.gov.au 
2Gold Coast Fishing Fanatics; gcff@gmail.com 

 
 
SUMMARY 
 
Community engagement seeks to have the community work alongside other organisations 
to achieve long-term and sustainable outcomes, processes, relationships, discourse, 
decision-making, or implementation, Pennsylvania State University (2019). City of Gold 
Coast (City) recognises the efforts of community members in the development of 
Australia’s largest tilapia buster’s event. Successful engagement by the Gold Coast 
Fishing Fanatics (GCFF) resulted in the City supporting an event based on the carp 
buster’s model implemented by the Queensland Murray – Darling Committee. Through 
combining their strengths, our two organisations have created an alliance that has reduced 
the impact of red tape and allowed the community to champion the management of Tilapia 
in our city. 
 
In Queensland under the Biosecurity Act 2014 Tilapia (Oreochromis mossambicus) are a 
restricted noxious fish that can be regarded as a major risk to aquatic biodiversity. While 
responsibility for noxious fish compliance clearly rests with the Queensland Government 
Department of Agriculture and Fisheries, GCFF and the City recognise the role they have 
in mitigating the risk posed by Tilapia to the waterways of the Gold Coast.  
 
Partnerships with universities, councillors, internal and external departments have allowed 
for Tilapia busters to be supported and developed over three years.  This paper will 
provide an overview of the strategic direction and results of Tilapia busters I – VI.  
 
Keywords: Tilapia, community engagement, biosecurity, Gold Coast. 
 
 
INTRODUCTION 
 
Two species of tilapia, Mozambique tilapia (Oreochromis mossambicus) and the black 
mangrove cichlid or spotted tilapia (Tilapia mariae), are becoming significant pests in many 
waterways in tropical and sub-tropical Australia, Centre for Invasive Species Solutions 
(2014). This paper focusses on community engagement to mitigate the risks posed by 
Mozambique tilapia (Tilapia) in waterways of the Gold Coast, Queensland, Australia. 
 
The Queensland Biosecurity Act 2014 (the Act) identifies Tilapia as a restricted noxious 
fish. The Act requires everyone to take all reasonable and practical steps to minimise the 
risks associated with noxious fish under their control. This is called a general biosecurity 
obligation (GBO), Department of Agriculture and Fisheries (2018). 
 

 
BACKGROUND 
 
City officers first became aware of the risk posed by Tilapia in 2010 while attending a 
workshop during the Queensland Pest Animal Symposium. In 2010 noxious fish were 

mailto:ijamieson@goldcoast.qld.gov.au
mailto:gcff@gmail.com
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considered the responsibility of Queensland Fisheries and the City had no experience in 
the management of noxious fish. By 2012 City staff were identifying and reporting Tilapia 
in locations ranging from small sediment basins to major waterways. 
 
While legislation was changing in Queensland with the development of the Biosecurity Act 
2014, there was increasing discussion internally on the role the City may have in 
managing Tilapia. To understand potential management techniques for mitigating Tilapia 
impacts, the City partnered with an existing Industry Affiliates Program run by Griffith 
University School of Environment. This was a valuable exercise in providing experience to 
an undergraduate student while also obtaining a better understanding of Tilapia ecology 
and physical management techniques. 
 
The report found that management opportunities existed in the promotion of community 
awareness and engagement, Durand (2014). It was also clear that while a number of 
papers had been reviewed neither failure nor success of management options was 
apparent. 
 
Gold Coast Fishing Fanatics (GCFF) is a Facebook group that was created by Mr Peter 
Ker. As passionate anglers, many in the GCFF community targeted Australian Bass 
(Macquaria novemaculeata). In December 2014 GCFF raised the issue of Tilapia impacts 
on the freshwater fishing scene on the Gold Coast and requested the City organise a 
noxious fish education event similar to that organised by other Councils. 
 

 
Figure 1: Tilapia caught haul by Andy Sparnon from  
CoastfishTV. 
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Correspondence to the City requesting support for recreational anglers to eradicate Tilapia 
was initially refused. This decision was based on an assessment of previous carp buster 
events published by Norris et al. (2014) that identified angling pressure as unlikely to have 
an impact on broad-scale carp populations. It was also apparent that there was no area 
within the City responsible for noxious fish. 
 
It became clear that the expectations from the local angling community required the City to 
make a decision on the future management of Tilapia. While acceptance of the need to 
educate the community on the ability of the City to manage Tilapia was an easy first step 
there also had to be a meaningful engagement with the community. It was to this end that 
the concept of a Gold Coast tilapia busters was born. Based on the successful “Carp 
busters” and “Tilapia terminator” model the objective of Gold Coast Tilapia Busters was to 
educate the public on noxious fish and water quality.  
 
Recognising the inherent strengths of each group the distribution of roles followed 
common sense. GCFF would manage the engagement with the fishing community and the 
City would manage approvals. It was also clearly identified that the event was not an 
eradication program but one of education. 
 

         
Figure 2: Tilapia caught during the event and  Tilapia bag being weighed in     
 
 
Working with GCFF provided an incredible opportunity to speak directly to one of the key 
groups in managing aquatic pests. With over 20,000 followers GCFF is a trusted local 
source of fishing information. This was very important as when the decision was made to 
facilitate Tilapia management on City managed land the administrators were able to 
support the decision. This meant that when discussing Tilapia management the City was 
supported in a genuine attempt to protect our local freshwater fisheries. 
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Tilapia Buster I was held in March 2016, recognising the lead role GCFF had played in the 
event the City took a low profile into this event. The City ensured all the relevant permits 
and permissions were obtained and provided a briefing on the rules and regulations 
regarding capture, euthanasia and disposal of fish caught on the day. Media, promotion 
and the competition side of the event were all the responsibility of GCFF. 
 
As the event has grown the City has devoted more resources to the event including 
providing a registration page via Eventbrite; increased promotion through City channels; 
collateral and the involvement of the local councillor. Local councillor support is integral to 
the ongoing success of the event; councillors provide a meaningful engagement with the 
community and ensure outcomes promised to the community are delivered. 
 
The event now is seen as not only a mitigation and opportunity for the City to fulfil their 
general biosecurity obligation, but as a means of encouraging residents and visitors to use 
our waterways for recreation and to build on the popular recreational fishing industry. To 
this end GCFF and the City hope to evolve from having Australian Bass as the bycatch to 
hosting an Australian Bass event with Tilapia as the bycatch. 
 
 
CONCLUSION  
Recreational fishing by itself will not remove Tilapia from the waterways of the Gold Coast. 
By working with the community the City has been able to create an effective platform for 
raising awareness of future threats and communicating issues, mitigate the impact of 
Tilapia, achieve voluntary compliance with minimal input from the City or Biosecurity 
Queensland and reduce conflict from the red tape that all governments have to work with. 
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SUMMARY 
 
B4C (Bulimba Creek Catchment Coordinating Committee Inc.) is a community based 
social enterprise.  With our members and the wider community, we aim to build a web of 
green across the Bulimba Creek catchment.  As a grass roots community group, B4C 
believes community members want the capacity to help solve large problems through 
localised programs.  It aims to inspire through hands-on activities, empowering people to 
ask “what can I do for the environment?” Successful participation stems from initial 
engagement and introductory one-off activities (clean-ups, plantings, workshops) which 
grows into active participation.   
 
In the invasive species space, B4C runs environmental education workshops, applies for 
grants to control invasive species, and is working with industry to develop straightforward 
biological control solutions. In particular, the ‘Common Myna Humane Reduction Program’ 
aims to mobilise the community into action against the invasive species in their 
neighbourhood.  The workshop covers the impact of the common myna Acridotheres tristis 
species and how to trap them in the urban environment.  Since March 2015, this highly 
successful program has seen over 1000 people attend 35 workshops, with cages loaned 
to about 100 participants and at least 650 common myna birds caught and humanely 
euthanized.  This has been a catalyst for local councils to confer with B4C about methods 
to trap common mynas on large scale. 
 
Keywords: Landcare, environmental education, invasive species, empowering 
individuals, urban ecology. 
 
 
INTRODUCTION 
 

B4C (Bulimba Creek Catchment Coordinating Committee Inc.) is a community based 
social enterprise. B4C operates on the basis that community members want the capacity 
to contribute to addressing large-scale issues through localised programs. The purpose of 
this operational paper is to outline the steps to community led action. 
 
This paper will firstly discuss B4C’s engagement model for converting general interest into 
active participation. This will be applied to the biodiversity threat of invasive species in the 
urban environment. The ‘Common Myna Humane Reduction Program’ will be used as a 
case study to analyse our engagement strategy. Finally, B4C’s other community led 
invasive species projects will be discussed, including the Cane Toad Challenge and Barn 
Owl project. In all our projects, B4C has an ethos of developing straightforward, simple 
actions to empower individuals to be part of a wider environmental movement. 
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BACKGROUND 
 
B4C is a catchment group based in Bulimba Creek in Brisbane.  B4C began in 1997, when 
a small local community group was formed from a collection of Bushcare groups, 
grassroots groups and individuals concerned with the protection of the catchment. B4C 
has become self-funded, generating over 90% of our income from contracts. B4C also 
supports volunteers, labour market and pathways to employment programs.  
 
B4C is driven by a love of the natural world and a belief that community action can protect 
and improve it. Starting at a local level, our activities with the community are undertaken 
through education and activities such as environmental education workshops, tree planting 
and clean-ups.   We run a wide range of advocacy works and local environmental 
campaigns. This includes environmental community education with the aim to improve 
understanding of local environmental issues, including Pest Management.  Our community 
education is based on interactive, environmental learning. It aims to inspire through hands-
on activities, empowering people to ask “what can I do for the environment?” 
 
ENGAGEMENT STRATEGY 
 
As a grass roots community group, B4C believes community members want the capacity 
to help address wider environmental issues through localised programs. To convert 
general interest into active participation, B4C believes successful participation stems from 
initial engagement and introductory one-off activities (clean-ups, plantings, workshops) 
which grows into active participation by long term volunteers. This model of conversion is 
shown in Figure 1. On this scale of engagement, all levels are important and worthwhile. 
B4C finds engaging a wide number of people allows for a percentage of those people to 
step up and become active participants.  
 
 

 
 
Figure 1.  Model of conversion from general interest to active participation. 
 
In the model of conversion, B4C identifies the motivations for target audiences, 
ascertaining the best forms of communication, and the support requirements. B4C has a 
dedicated communications consultant who manages content on social media pages 
(Facebook, Twitter, Instagram), B4C website and e-newsletter. The communications 
consultant also uses traditional methods, including articles in the local newspaper, B4C 
general meetings, monthly open days and word of mouth to broadcast our message. 
These traditional methods remain important, as some target audiences (e.g. retirees and 
seniors) can be less confident with interacting online.  
 
From this, B4C advertises and runs special interest workshops, and planting/clean-up 
events, often linked to a particular project or program. These one-off events are an 
opportunity for interested community members to join a program or become a long term 
volunteer. B4C has used this strategy to get our community involved in community based 
invasive species programs, such as the Common Myna Humane Reduction Program.   
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CASE STUDY – COMMON MYNA  
 
Common myna Acridotheres tristis (also known as Indian myna) is highly prevalent in 
urban environments, with numbers increasing in the Brisbane region. Common mynas 
were listed among 100 of the world’s worst invasive species by the World Conservation 
Union (International Union for Conservation of Nature) in 2000. In Australia, common 
mynas are considered to threaten native biodiversity due to their territorial behaviours and 
nest cavity competition. The common myna poses threats to native bird and arboreal 
mammals species by aggressively taking or despoiling scarce nest hollows where native 
species need to nest, take refuge and breed. Its threats to wildlife can be seen in many 
cities and they are dominating species in Melbourne, Sydney and the NSW Central Coast. 
However, the common myna is not listed as a ‘key threatening process’ under the 
Commonwealth’s Environment Protection and Biodiversity Conservation (EPBC) Act 1999. 
 
The literature is undecided on the impact of common mynas. It has shown that mynas 
prefer urban environments and sparse vegetation. As such, this has led the RSPCA to 
recommend habitat modification as the best control method. However, B4C believe this 
approach is unlikely to be effective, as urban habitat loss is increasing, making the 
environment more inviting to common mynas, not less. At this stage, there has also been 
inaction by many local council’s for large scale population reductions. 

 
B4C believes it is necessary to control populations of pest animals and take measures to 
reduce or eradicate the population. The ‘Common Myna Humane Reduction Program’ has 
grown out of Brisbane Catchments Network’s Biodiversity Strategy and Feral Animal 
awareness. The program creates community awareness of common myna impacts, 
encourages monitoring, and cages are built by volunteers and participants trap common 
myna birds in their own yards. B4C requires participants to attend one of our workshops.  
 
There are dual aims to the program: firstly to raise awareness of the issue and the impact 
to biodiversity; secondly, to give the community members the knowledge and tools to trap 
birds, thus physically removing the birds from the system. 
 
Broad engagement 
 
At a broad engagement level, the intention is to increase community awareness of the 
impacts of feral animals on our wildlife and ecosystems by communicating pertinent 
research and facts to the general public. Our communication strategy has included social 
media, and traditional media. There have been many opportunities to engage with the 
community on social media, including using comments on Facebook to decide the 
locations of workshops. As the general interest in the program has tended to attract older 
members of the community, including retirees and senior citizens, we have also had very 
high engagement rates with traditional media (local newspaper articles, paper flyers).  
 
Introductory event 
 
The purpose of the workshop event is to firstly promote planting of protective and resilient 
habitats through native revegetation initiatives and minimise breeding, feeding and 
roosting opportunities for feral animals. Secondly to explain to interested community 
members how they can physically trap and remove common mynas from their property. 
B4C identifies different motivations and barriers for attracting people to the program, and 
getting them to participate. Wide variations in motivations, from general environmental 
concern, and bird watchers who see native birds displaced, to home owners and 
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businesses who are concerned about roof damage and/or faeces. In order to get as many 
interested parties to advance to the trapping stage, B4C gives clear and easy to follow 
information, as shown in Figure 2 and 3. 

 
Figure 2. The trapping procedure, as shown in a slide from the workshop 
 

   
Figure 3.  Easy to construct and use trapping cages, with a step by step process to 
successfully capture birds in the cage and remove for humane euthanasia.  
 
There are also a number of barriers that the program has had to address. In particular, 
concerns about the humane treatment and euthanasia, as an emotive issue which often 
becomes a barrier when talking to the community about feral animal control. There is also 
locality issues, as participants who want to borrow a cage are required to visit our centre 
during business hours, which can require travelling a long distance. This can also limit 
participants who work during the week, thus the program appeals to older participants. 
 
Active Participation 
 
How successful is B4C at converting a general interest in the Common Myna, into active 
participation in the program? Figure 4 shows B4C’s engagement statistics and rates of 
active participation. It can be seen that about 10% of people who attend a workshop 
actually borrow a cage, although less than that make a successful capture.    
 

 
 
Figure 4.  B4C Common Myna Humane Reduction Program - engagement to participation 
statistics 
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Overall, we consider the B4C program is highly successful in engaging the community – it 
is not just about trapping common mynas, but also starting a conversation about pest 
species in the vacuum created in the urban environment. The increased awareness has 
been a catalyst for local councils to confer with B4C about methods to trap common 
mynas on large scale. Future goals of the program are to work collaboratively with the 
local council to manage feral animal issues, have the common myna declared as a pest 
species under local government laws and sustain a community cage-capture program for 
the common myna in partnership with Brisbane City Council (BCC), including private, 
council and state owned lands. 
 
 
DEVELOPING PROGRAMS 
 
UQ IBM Cane Toad Challenge 
 
Building on this success, B4C has become an affiliate of the ‘UQ IBM Cane Toad 
Challenge’. In conjunction with BCC, B4C has begun holding trap building workshops, and 
loaning out these cages. This enables individuals to capture cane toad Rhinella marina 
tadpoles on their own properties and in local waterways. Cane toad capture events with 
BCC have also proved popular, particularly with children. Initially there were high levels of 
interest in the traps, including a well-attended trap construction workshop (as shown in 
Figure 5).  
 

   
Figure 5.  Cane toad Challenge trap building workshop, run by BCC at the B4C’s Centre.  
 
However, this program has yet to gain momentum and we have had limited uptake of the 
traps so far. There are opportunities for the strategic use of social and traditional media 
and further introductory workshops with BCC. Barriers to overcome include finding the 
funding and resources for B4C to run a second community based program and shortages 
of pheromone used in the traps. Initial feedback from the participants also suggests the 
traps are hard to deploy in waterways.    
 
Barn owl as a biological control project 
 
B4C has also been building industry relationships to address the heavy use of rodent 
poison which leads to secondary poisoning of native animals including the barn owl Tyto 
alba. A new project investigates the use of barn owls as a biological control method. This 
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includes using feeding stations to lure rodents away from the commercial buildings (and 
bait stations) and the installation of barn owl habitat poles. This has the circular benefit of 
improved food source safety for existing barn owls, and increasing barn owls populations 
to reduce rodent species.  
 
Barn owls have been successfully used to control rodent pests around the world.  Initial 
B4C projects have involved installing barn owl habitat poles (as shown in Figure 6), and 
waited for barn owls to find them. However, a new project includes getting permission from 
the Department of Environment and Science to get an exemption from the existing 
protocols that stipulate that rehabilitated fauna should be returned to the place of origin. In 
particular, the release of rehabilitated young barn owls at industrial areas is unlikely to 
have a negative impact because at this age owls naturally disperse from their natal range 
to new areas.  
 
B4C uses the same model of conversion for industry partnerships. We engage the 
company involved in one-off corporate plantings, then highlight our capabilities and often 
become contractors for revegetation works, before forming long term partnerships 
including innovate projects.  
 

   
Figure 6.  Barn Owl habitat poles installed in bushland areas near commercial buildings 
 
CONCLUSION  

 
In summary, community members understand the implications of wider environmental 
problems and want to be involved. They want action and a sense of agency. The key to 
successful participation is to identify what motivates potential participants and find easy 
ways for them to become involved. It is important to remember that each level of 
engagement is important and can have positive implications for the wider environmental 
management conversation. Only a small percentage of those involved will step up to 
become active participants. In the case of many of our programs, including the Common 
Myna Reduction Program, it is important to analyse the project to re-iterate and refine 
process to achieve that all important positive first experience.  
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ABSTRACT  
 
Empowering land managers to make informed decisions to manage pests and weeds 
effectively is our ultimate goal as scientific advisors.  This begins with a process of 
engaging stakeholders and encouraging community participation to adopt model outcomes 
and recommendations. Engagement needs to start from model development and continue 
through to model completion.  This is especially the case when managing invasive 
species, where a coordinated management strategy implemented by all stakeholders 
increases effectiveness. We use a participatory approach that combines expert knowledge 
and spatial data in a Bayesian network to develop risk maps of potential threats at the 
regional scale.  The Bayesian network is built on expert opinion, guided from experts with 
years of experience in research or management of invasive species under field conditions.  
The Bayesian network allows the inclusion of management scenarios that can be 
manipulated to determine the effects of different strategies and combinations of 
coordinated strategies.  Results are presented as risk maps, which facilitate interpretation 
of model outputs in a spatial context familiar to stakeholders and local communities. 
Capturing impacts of species invasions by running scenarios specific to targeted 
community groups allow for increased adoption when motivations, such as economic or 
environmental incentives, are introduced.  We demonstrate this with a feral pig (Sus 
scrofa) case study.  Our model allows end-users to identify hot spots of risk across 
seasons.  Using ecological knowledge to understand the species’ interaction with seasonal 
drivers, our scenario modelling allows for immediate relevance to community users and 
ease of adoption with its participatory approach. 
 
Keywords: invasive species, pest management scenarios, community engagement, 
modelling, risk maps, feral pigs  
 
 
INTRODUCTION 

Dealing with weeds and pests is a major part of managing agricultural and natural 
environments.  Developing risk-based solutions that are economically and environmentally 
sustainable to ensure on-going legacy are key to successfully managing pests.  Models 
can be used to better understand the threat and impacts posed by pests and weeds, and 
the effectiveness of management interventions in reducing this threat (Murray et al., 2014).  
However, risk models can be complicated and difficult to interpret for land managers, and 
often fail to reach and persuade their target audience.  There is a need to express model 
outcomes in a manner that promotes interest and a willingness to participate through a 
sense of community empowerment and inclusivity (Dobbs and Moore 2002). Empowering 
individual land managers and farming communities can lead to them building capacity to 
continue managing pests through active participation long after advisors have pulled out.  
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One way to engage land managers is to involve them throughout the modelling process, 
from problem-definition to delivery.  This encourages a sense of ownership of the model. 
However, achieving active participation across the farming and broader community may 
still be difficult if interest is low. Identifying new incentives that target their needs and 
priorities will encourage increased adoption of effective strategies to pest management, 
especially if the relevance is linked to their own situation (Swann and Richards 2016).  
Here, we describe a participatory approach to building a spatially-explicit habitat suitability 
model for feral pigs (Sus scrofa) in southwest Western Australia.  We demonstrate this 
approach by linking the ecological requirements of feral pigs across seasons to show the 
potential persistence of the species in relation to the management strategy that can be 
chosen in different scenario settings.  We discuss how the approach can be used as an 
effective tool to empower communities to engage in better solutions to invasive species 
management.   
     
 
METHODS 
 
Participatory approach 
 
We ran two workshops to model feral pig management across the landscape, attracting 28 
attendees overall, including state government and water board personnel as well as 
representatives from community feral pig management groups and pig trappers.  The 
attendees were keen to be involved to improve their success rate in managing feral pigs.  
This ensured enthusiastic participation in group and breakout sessions to identify the 
ecological requirements of feral pigs across wet/dry years and summer/winter variation in 
resources.  This resulted in the development of a feral pig suitability model for the region 
using the same framework outlined in Froese et al., (2017). Researchers, land protection 
officers and landholders were also interviewed individually to listen to their situation and 
needs, and to obtain clarity and feedback on information given at the workshops.    
 
Model framework 
 
Suitability component  

Modelling habitat suitability involved construction of a Bayesian network (BN) to provide a 
clear graphical representation of the ecological requirements for persistence of feral pigs. 
BNs are probabilistic graphical models with underlying probability tables outlining 
relationships and their conditional dependencies of the variables in a system (Nyberg et 
al., 2006).  BNs are easier to explain to non-statistical audiences and allow an interactive 
ability to run what-if scenarios and obtain immediate results.  The BN was populated and 
subsequently used to generate spatial risk maps by linking it to relevant environmental 
layers within a Geographic Information System (GIS).  The general methodology for 
habitat suitability modelling is provided in van Klinken et al., (2015) and detailed 
information on habitat suitability for feral pigs is provided in Froese et al., (2017), including 
details on the spatial moving window analysis performed to account for feral pigs’ home 
range behaviour, i.e. their ability to satisfy their resource requirements at different locations 
within a landscape.  

Management component 

Workshop participants were asked for details of the management strategies used for feral 
pigs in southwest Western Australia.  These management strategies were added to the 
suitability model to determine how different management strategies affected the suitability 
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of habitat for the pest in wet/dry years and across seasons.  Frequency of control, 
coordination of events and pest detection was also assessed to see if these factors 
affected the efficacy of the management options. Scenarios were modelled to determine 
the effectiveness of management strategies similar to what was currently being conducted 
in the area. 
  

RESULTS 
The workshop participants developed a BN to incorporate the model framework consisting 
of four ecological requirements of feral pig persistence: food, water, protection from the 
elements and protection from predators (Figure 1a).  

 

 

Figure 1. Feral pig suitability model (a) developed within the first workshop, showing on the far right the 
underlying ‘Seclusion-value’ probability table as an example of how a BN works with underlying probability 
tables for each node representing each combination of states. At the second workshop, management 
scenarios were added to the habitat suitability model:  b) showing matlock trapping being used individually 
on a seasonal basis with good detection, and c) showing matlock trapping being implemented using a fully 
coordinated strategy on a frequent (often) basis with good detection. 

Water resource was affected by the permanence of the water supply and its level of 
salinity. The availability of food resources was affected by the quality and quantity of food 
and how accessible it was (e.g. by rooting).  Shelter requirements were determined by how 
hot it was and the availability of shady canopy within the landscape. Seclusion was 
affected by cover density as well as the intensity of human activity in general and feral pig 
hunting in particular.  The value of each resource to feral pigs diminished with increasing 
distance in relation to the effort required to travel between resource patches (Froese et al., 
2017).  
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A number of management strategies were identified, including shooting, using dogs to bail 
the pigs, baiting, constructing exclusion fencing, and setting conventional traps and 
matlock traps (steel trap that can accommodate a large number of pigs that is sprung 
remotely after free feeding and watching activity through remote cameras).  One area has 
used a Judas pig (a caught pig is released wearing a radio collar to betray the location of 
other pigs). Scenarios were modelled to gauge their effectiveness (Table 1).  

 

Table 1. Management strategy scenarios for active management of feral pigs.  B= 
baseline (no management).  Habitat suitability was set as ‘very good’ to show the effects of 
the management strategy only.  Realistically, this would vary across the landscape. 
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B Very 
Good 

No Management Individual 
control 

Rarely or 
Never 

Poor 0.95 0.05 0 0 0 

1 Very 
Good 

Opportunistic 
Shooting 

Individual 
control 

Seasonal Moderate 0.924 0.065 0.01 0 0 

2 Very 
Good 

Dog bailing / 
Planned Shooting 

Partial 
coordination 

Often Good 0.634 0.163 0.16 0.042 0 

3 Very 
Good 

Dog bailing / 
Planned Shooting 

Fully 
coordinated 

Often Good 0.271 0.181 0.395 0.154 0 

4 Very 
Good 

Conventional cage 
trap 

Partial 
coordination 

Rarely Poor 0.905 0.077 0.018 0 0 

5 Very 
Good 

Matlock Trapping / 
Baiting 

Individual 
control 

Seasonal Moderate 0.88 0.919 0.279 0 0 

6 Very 
Good 

Matlock Trapping / 
Baiting 

Fully 
coordinated 

Often Good 0.218 0.191 0.425 0.166 0 

 
Coordinated activities and the increased frequency of control reduced habitat suitability the 
most (Table 1). Individual control was the least effective, along with opportunistic shooting 
and the Judas pig method.  Baiting on its own was also not as effective. Matlock trapping 
was very effective, especially if it was done in a coordinated manner (Figures 1b & 1c). 
Dog bailing and planned shooting decreased habitat suitability increasingly when it was 
fully coordinated, compared to partially coordinated or no coordination.  
Mapping habitat suitability with no management identified areas along river systems as 
having the highest suitability (Figure 2a), especially in forest areas.  Incorporating 
management scenarios (Figures 2b-d) highlighted that coordinated and sustained 
management using multiple control methods (Figure 2c, Table 1: scenario 6) can greatly 
reduce risk.  In contrast, opportunistic management (Figure 2b, Table 1: scenario 1) had 
very little effect, and planned shooting using dogs was somewhat effective (Figure 2c, 
Table 1: scenario 3). 
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Figure 2. Management scenarios for a select area in southwest Western Australia for the 
summer wet suitability scenario: a) habitat suitability with no management, b) Management 
Scenario 1 (opportunistic shooting), c) Management Scenario 3 (planned shooting with 
dogs), and d) Management Scenario 6 (matlock trapping/baiting). 

 
DISCUSSION 
 
Our BN model was effectively used by stakeholders to visualize how different 
management options can affect the persistence of feral pigs within their region.  In the 
absence of management, feral pigs in suitable habitat areas can cause considerable 
agricultural and economic loss to adjacent farmland.  They can also cause significant 
damage to environmentally sensitive areas (Froese et al., 2017). If minimal management 
is undertaken using only one method, such as baiting, the risk from feral pigs can be 
reduced. However, if effort is put into planning and coordinating management activities 
over larger areas, the effectiveness increases significantly.  

Encouraging community engagement to empower communities to manage their 
environment should be a major goal when developing models in pest management. 
Community engagement activities have increased overall (Miller 2009) but awareness is 
varied between stakeholder groups (Marzano et al., 2015).  Hartter et al. (2015) suggest 
attitudes developed from first-hand learning and understanding, and a willingness to 
engage in extension activities are inclined to motivate land managers to support effective 
management strategies.  However, more effort is needed in encouraging non-participating 
stakeholders within a region. In an invasive weed management study, Johnson et al. 
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(2011) noted farm managers preferred receiving information via face-to-face 
communication with a management specialist.  Our method is designed with this in mind, 
using risk maps along with familiarity of a region to create interest and offering advice 
linked to relevant results from management scenarios. 
The use of scenarios allows land managers to compare the relative effectiveness of 
different management options in reducing the landscape-scale risk posed by feral pigs, 
and make an informed pest management decision.  Identifying pest habitat suitability using 
risk maps will hopefully assist in driving community adoption of coordinated, area-wide 
pest management.  By building community ownership of pest issues and increasing 
community participation in broad scale planning and implementation, improved pest 
management outcomes may be achieved. 
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SUMMARY  
 
Community-based pest species surveillance tools have evolved substantially in recent 
years.  Mobile Apps offer many new opportunities to improve community-based data 
collection, engage better with more landholders, involve people in coordinated control, 
monitor outcomes, as well as provide greater support to communities and landholders with 
pest species management.  As technology and community involvement increases, 
arrangements for utilising data become more important for enabling effective management 
interventions. 
 
The FeralScan community pest animal web-mapping program (www.feralscan.org.au) with 
free Apple and Android apps, now contains over 120,000 community records of pest 
animals, their impacts, local control actions and photographs supplied by over 25,000 
Australians.  It is currently being used by landholders, Landcare groups, private 
contractors, pest control groups, local governments, regional land managers, researchers 
and biosecurity authorities (including regional Biosecurity organisations and State 
Governments). 
 
FeralScan offers an interactive web and app-based mapping and communication service 
for farmers, landholder associations, community groups and biosecurity groups, supporting 
them to respond quickly to pest problems, and use pest animal activity information to guide 
local control.  It connects users to online resources and support, provides early warnings, 
enables rapid communication, and allows real-time recording/reporting of major pest 
species problems (such as attacks from wild dogs, or Tilapia fish incursions).  
 
The services now include new community group (closed group) features enabling 
landholder groups to collectively document pest problems, chart trends across time, and 
see where their members are undertaking control.  Additional new features include 
dashboards and summary reports for their region, alert notifications, and a pilot version of 
real-time SMS notifications for farmers.  Future directions for biosecurity, invasive species 
detections, biocontrol, and improved community support will be presented. 
 
Keywords: Community, monitoring, mapping, surveillance, pest animals. 
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Figure 1. Diagram showing FeralScan website homepage – https://www.feralscan.org.au  
 
 
 

 
Figure 2. Diagram showing FeralScan tablet and phone App  

https://www.feralscan.org.au/
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Figure 3. Image of WildDogScan website map, showing areas of recent WildDogScan 
usage across Australia.  
 
 

 
Figure 4. Image showing a landholder group use of WildDogScan for mapping and 
monitoring wild dog activity (sightings/sign, sheep attacks, and targeted control activities). 
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ABSTRACT  
 
Biosecurity Queensland and Queensland port authorities are working together to develop 
and implement an effective and sustainable marine pest surveillance program to improve 
early detection of marine pest threats.  The pilot surveillance program being implemented 
at five Queensland ports is part of the Queensland Marine Pest Prevention and 
Preparedness Project.  Invasive marine pests can have significant environmental and 
economic impacts including out-competing or predating on native species and impacting 
marine-based industries including ports, marinas, tourism and commercial fisheries.  Early 
detection and intervention provides the best chance of controlling and eradicating an 
incursion and minimising biosecurity impacts and disruption to business operations. 
 
The Queensland Ports Marine Pest Surveillance Pilot Program includes the ports of 
Brisbane, Gladstone, Mackay, Townsville and Cairns and involves settlement plate 
monitoring, plankton sample collection and shoreline surveys.  The surveillance pilot will 
use molecular diagnostics to identify the presence or absence of high-risk marine pest 
species.  A partnership approach to development of the pilot has resulted in a program 
design that is both effective in meeting biosecurity objectives and is achievable with 
available resources.  Sampling methodology and surveillance site selection for each port 
was based on a combination of site-specific characteristics, port risk profiles, resource 
availability and species-specific characteristics for the target marine pests.  On-ground 
implementation of the pilot program is also a partnership with officers from Biosecurity 
Queensland working closely with port environmental and operational officers to ensure the 
mutual benefits of improved marine biosecurity are realised and continue beyond the life of 
the pilot program. 
 
Keywords: marine, pest, biosecurity, ports, surveillance, detection. 
 
 
INTRODUCTION 
 
Invasive marine pests can have significant environmental and economic impacts including 
out-competing or predating on native species and impacting marine-based industries 
including ports and marinas, tourism and commercial fisheries.  Marine pests can also 
impact amenity and our way of life.  These pests can travel long distances attached to 
boats as biofouling or in internal seawater systems such as ballast water, resulting in high 
potential for translocation both internationally and domestically.   
Queensland faces unique challenges related to the introduction of marine pests and their 
management such as a large coastline including many remote stretches and an extensive 
network of ports, with Queensland ports often being the first port of call for international 
shipping vessels on the east coast of Australia.  An independent review of Queensland’s 
biosecurity capability in 2015 identified marine pest biosecurity as an area that requires 
greater attention and investment in prevention and surveillance.  The Marine Pest 
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Prevention and Preparedness Project is one of the projects currently underway to address 
the recommendations of the capability review.  The Project aims to increase marine 
biosecurity capability and capacity in Queensland (within Biosecurity Queensland and in 
our partners) through a number of key deliverables including: Education and awareness to 
increase passive surveillance; port surveillance to improve early detection capabilities; and 
a marine pest response exercise to improve preparedness to respond to a marine pest 
event. 
 
The vessel biofouling invasion pathway is currently unregulated increasing the risk of 
marine pest introduction and posing a biosecurity risk that warrants development of an 
early detection surveillance system at these high-risk nodes.  The Queensland Ports 
Marine Pest Surveillance Pilot Program aims to address this risk and is the focus of this 
paper. 
 
 
PILOT PROGRAM DEVELOPMENT 
 
The pilot surveillance program concept originated as surveillance that would occur initially 
at one or two ports, however Queensland’s port authorities were very supportive of the 
development of coordinated marine pest surveillance, and the level of interest resulted in 
collaboration with five of Queensland’s key ports. 
 
Biosecurity Queensland have worked closely with the five Queensland port authorities, 
Western Australia Department of Primary Industries and Regional Development (DPIRD) 
and Pilbara Ports through a series of meetings and discussions to develop the 
Queensland Ports Marine Pest Surveillance Pilot Program.  This has allowed port 
authorities’ expectations and resource constraints to be factored into program 
development from the beginning to ensure the pilot program implemented is effective, 
scalable, affordable and most importantly, achievable. 
 
The Queensland pilot program is based on the award winning Western Australia State-
Wide Array Surveillance Program (SWASP) and builds on the previous work and learnings 
from the Western Australia program.  These surveillance programs move away from 
costly, labour intensive, traditional marine surveillance methods involving taxonomic 
identification, towards the use of simpler techniques and molecular diagnostics which are 
less resource intensive, can be undertaken by trained operational staff (do not require 
specialist scientists to collect samples), incur shorter turn around for results and are less 
costly.   
 
 
SELECTION OF METHODOLOGIES 
 
Marine pest target species and proposed surveillance locations for the pilot program were 
selected based on the level of risk of introduction at each port, and the likelihood of the 
target being detected at each location.  The assessment included a review of vessel traffic 
and port profiles, identification of highest risk vessels and docking locations, and 
environmental factors such as coastal hydrodynamics, areas of deposition, physical and 
chemical parameters and target species’ life history traits.  
 
Biosecurity Queensland is working closely with each port and incorporating a high level of 
interrogation of the scientific literature and latest research outcomes to develop sampling 
methodologies that are scientifically robust, practicable, efficient and cost-effective, while 
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accounting for site-specific requirements and environmental variables.  The port’s 
Environmental Managers are contributing their local experience and site-specific 
knowledge to help establish a surveillance program design that is proportionate to the level 
of risk, the available resources and the effectiveness of selected methodologies in each of 
the specific locations.  
 
Sampling methods considered for the program included settlement plate arrays, collection 
of plankton, water or sediments, and visual shoreline searches.  Validated molecular 
techniques will be used to assess and quantify DNA and environmental DNA (eDNA) of 
target marine pest species from the samples.  We hope to adopt a holistic experimental 
approach to help improve detection sensitivities and achieve the primary surveillance 
objectives, through application of multi-substrate techniques (as recommended by recent 
studies, eg. Koziol et al., 2018).  The final surveillance pilot design is likely to include a 
combination of settlement plates and planktonic tows at some or all of the ports. Sample 
collection techniques will aim to capture the multiple life stages that marine species 
undergo, which involve different habitats at different stages of the life cycle (ie eggs, 
dispersive free-swimming larvae, juveniles that settle on or within a substrate).  
Surveillance timing will account for factors such as seasonal changes in local 
environmental conditions and target species tolerances, and sampling effort is being 
refined through communications with academics, research outcomes and other marine 
pest surveillance programs.  
 
 
MOLECULAR DIAGNOSTICS 
 
DNA-based techniques are a proven highly effective method of detecting pest organisms 
in terrestrial and freshwater environments even when present in low abundance.  They are 
also particularly relevant for detecting pest species in the marine environment (eg Bott et 
al., 2010; Dias et al., 2013), and are a more efficient initial survey approach than the 
traditional time, cost and labour intensive methods.  Surveillance targets may be 
indistinguishable at early life stages (ie planktonic larvae), have morphological 
characteristics that are variable or require specialised identification by highly trained and 
experienced taxonomists, and they may occur in areas inaccessible or not captured by 
traditional survey methods. 
 
Scientific research outcomes and recommendations from recent studies including the 
SWASP and a national Department of Agriculture and Water Resources molecular 
validation program are guiding the assessment and selection of suitably validated 
molecular diagnostics for the Queensland pilot program.  Quantitative PCR (qPCR) and 
metabarcoding are the primary diagnostic techniques being considered, and the final 
design will ultimately be influenced by the method which provides the highest level of 
scientific rigour, while facilitating the most practical, timely, cost-effective and sustainable 
approach.  
 
 
LOOKING FORWARD 
 
At the time of writing, the detailed planning of the pilot program design for each port is 
being finalised to ensure the program meets the needs and objectives of each port and 
Biosecurity Queensland.  It is envisaged that on-ground surveillance activities will 
commence in mid-2019. 
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The partnership approach being undertaken to develop, implement and share costs for the 
surveillance pilot program reinforces the principle that biosecurity is a shared responsibility 
and ensures capabilities and capacity are being developed throughout a number of key 
marine biosecurity partners in Queensland.  This aims to ensure the mutual benefits of 
improved marine biosecurity to industry and the community are realised and will continue 
beyond the life of the pilot program. 
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ABSTRACT  
 
Capture and analysis of environmental DNA (eDNA), or the DNA shed by organisms living 
in a given ecosystem, is an innovative technique that is revolutionizing aquatic monitoring 
and field surveys.  It is a sensitive method that can detect the presence of a wide range of 
species without actually requiring physical capture, or sighting of the organisms 
themselves.  This tool offers the potential for research and monitoring programs to be 
conducted rapidly, at lower cost and across a large array of locations.  It can also involve 
the participation of non-specialists in sample collection, allowing the engagement of the 
community, as well as indigenous and industry groups.  TropWATER is currently using 
eDNA methods to detect a range of invasive species, including plants, fish and 
amphibians.  Genetic primers have been developed and we are carrying out ongoing work 
applying them in remote locations of northern Australia for routine surveillance. 
 
Keywords: environmental DNA, freshwater fish, aquatic weed, invasive amphibians, 
northern Australia, monitoring. 
 
 
INTRODUCTION 
 
Australia has a wide range of introduced species that have become invasive pests 
(Saunders et al. 2010).  Monitoring first incursions of invasive species is a difficult task 
given that traditional methods are not sensitive to detecting low densities of a given 
organism.  Additionally, traditional survey methods can be expensive, especially in remote 
locations in northern Australia.  There is therefore the need to develop cost-effective 
methods that can be used as early warning systems for invasive pest species.  
 
All organisms shed DNA into their surrounding environments via faeces, hair, urine, skin, 
gametes or body tissues.  This DNA, termed environmental or eDNA, can be 
extracted directly from environmental samples such as soil, sediment, and water 
without having to catch the target organism (Thomsen et al. 2012).  The use of eDNA 
technology allows positive identification of the presence of aquatic species at any life stage 
from the collection and analysis of DNA material in water samples (freshwater or marine), 
rather than by traditional survey methods.  Besides being often more cost-effective than 
traditional sampling and allowing for more rapid and widespread surveys (including in 
difficult-to-access and remote locations), the lack of specialist equipment required for 
collecting water samples means that non-specialists can contribute to surveillance and 
other forms of detection programs.  
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This sensitive and highly-efficient approach is now well-established to detect target 
organisms at low densities, such as new invasion fronts.  The TropWATER eDNA lab is 
currently developing eDNA methods that will increase monitoring capability by orders of 
magnitude compared to traditional methods.  
 
 
MATERIALS AND METHODS 
 
TropWATER has a dedicated environmental DNA laboratory that offers research and 
developmental work as well as analytical and collection services 
(https://www.tropwater.com/services/environmental-dna-laboratory/).  
 
The main invasive species that represent a threat to northern Australia and for which we 
are currently developing monitoring programs are: 
 
Cane toads 

Using a primer derived from Qld and NT cane toads (Edmunds and Burrows 2019a), we 
are working with local agencies using eDNA to monitor the arrival of cane toads on several 
offshore islands that are currently free of cane toads.  We have also conducted lab studies 
(unpub data) on the detection capability of our methods. 

Exotic fish  

In northern Australia, the most prominent invasive pest fish are tilapia.  We have 
conducted eDNA surveys for tilapia in NSW, WA, Rockhampton, Mackay, Mareeba and 
Torres Strait locations, finding several new locations where they are present, including 
confirming their presence in northern NSW (Basiita et al 2016).  Other exotic fish species 
that we are monitoring via eDNA, in the Torres Strait include  climbing perch (Edmunds et 
al 2019a) and snakehead (unpub data).  Both species are from SE Asia and pose 
significant introduction threats to northern Australia (Waltham et al 2014). 

Invasive weeds  

One of the main invasive aquatic weeds in northern Australia is Cabomba caroliniana and 
we have recently developed a primer for eDNA monitoring of this species (Edmunds and 
Burrows 2019b). 

 
 
RESULTS 
 
The primers that TropWATER has developed and validated for invasive species are listed 
in Table 1. 
 
Table 1.  Primers developed and validated at TropWATER. 
Taxon 
group 

   Common 
name 

         Scientific name Reference 

Fish 
 

Tilapia Oreochromis 
mossambicus 
Tilapia mariae 

Edmunds and Burrows 2019c 

 
 
 
Amphibia 
Plants  

Climbing 
perch 
Snakehead 
Cane toad 
Cabomba 

Anabas testudineus  
 
Channa spp.* 
Rhinella marina 
Cabomba caroliniana 

Edmunds et al 2019a 
 
Edmunds and Burrows in prep 
Edmunds and Burrows 2019a 
Edmunds and Burrows 2019b 

https://www.tropwater.com/services/environmental-dna-laboratory/
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*The primer pair can target six different species of snakehead fish 
 
In addition to primer development and field surveillance, we have been improving methods 
for using eDNA in the field and lab.  This includes the use of DNA preservatives to be able 
to hold water samples for long periods without refrigeration which makes remote area 
fieldwork feasible and for collection by non-specialists such as rangers or citizen scientists 
by the simple filling of a sample container (Figure 1). 
 
We have also been working to demonstrate the detection efficiency of eDNA.  For 
instance, our tilapia eDNA primer has been tested against traditional electrofishing 
techniques (the most common method for fish survey) in the Fitzroy catchment, 
Queensland (reported in Noble et al. 2014).  eDNA methods detected tilapia at 4 of the 5 
sites where they were known to occur compared to electrofishing 3 out of 5.  In addition, 
eDNA detected tilapia at 3 sites where they had not previously been recorded by 
electrofishing. 
 

 
 
Figure 1. Water collection from a stream for eDNA screening.  
 
DISCUSSION 
 
The primers designed at TropWATER are currently being used to monitor pest species 
across northern Australia using the eDNA approach.  In the Torres Strait, we are jointly 
monitoring with the Torres Strait Regional Authority, using eDNA methods, tilapia, climbing 
perch, snakehead and cane toads.  The fieldwork is conducted by local agency staff and 
the lab work >1000km away in the TropWATER eDNA lab, demonstrating the utility of our 
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remote area protocols which have detected climbing perch, and cane toads in new 
locations (cite your tech report here).  Keeping tilapia out of the Gulf of Carpentaria has 
long been a management goal.  We have used our eDNA primers to confirm that tilapia 
were successfully eradicated from an incursion site in 2008 (Robson et al. 2016, Edmunds 
et al. 2019b).  However, they have recently been located at other sites in that system and 
we are using eDNA methods to track their distribution (Edmunds et al. 2019b).  Similarly, 
the NT Department of Environment and Natural Resources has now included eDNA 
monitoring of Cabomba caroliniana in the Darwin River following herbicide application 
(Collins et al 2015) to confirm if the weed eradication events were successful.  
 
Following the above-mentioned examples, TropWATER aims to expand its collaborative 
relationships and work in a wider range of environments targeting different invasive as well 
as endangered species. 
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ABSTRACT 
 
Predation by feral cats (Felis catus) is considered to be the most significant factor in 
Australia’s recent mammal extinctions, and is regarded as the factor currently affecting the 
largest number of threatened and near threatened mammal taxa in Australia (Woinarski et 
al. 2014).  Feral cats further threaten livestock, wildlife and human health through the 
spread of diseases such as toxoplasmosis and sarcocystosis (Dubey 2010; Dubey et al. 
2015). 
 
The effective control of feral cats, however, is difficult to achieve at the landscape scale 
using traditional management approaches. Trapping, shooting and exclusion fencing can 
be effective at local scales, however these approaches are typically time-consuming, 
expensive and ineffective over larger scales. 
 
Dingoes (Canis familiaris) have been proposed as a novel approach to the broad scale 
control of invasive mesopredators such as feral cats and foxes (Vulpes vulpes). However, 
the ability of dingoes to suppress feral cats and protect species threatened by cat 
predation remains unresolved. 
 
We used camera traps to investigate the spatial and temporal activity of sympatric dingoes 
and feral cats across two different land tenures with different management objectives.  The 
“national park” site was located at Taunton National Park, home to the only significant 
remnant wild population of the endangered bridled nailtail wallaby (Onychogalea fraenata).  
The “agricultural” site comprised three adjoining pastoral stations supporting cattle grazing 
enterprises.  Two replicate camera surveys were performed at each site for a minimum of 
21 nights per survey during the 2016 dry season (June to September).  For each survey, a 
total of 90 cameras were deployed across each site, using a combination of on-track and 
off-track locations. 
 
The presence and activity of cats were both unrelated to dingoes.  Species co-occurrence 
models (MacKenzie et al. 2017) revealed that dingoes had no effect on the probability of 
cat presence on either land tenure.  Contrary to predictions, the probability of detecting a 
cat on the national park was significantly higher in areas occupied by dingoes than in 
dingo-free areas, while dingoes had no effect on the detectability of cats on agricultural 
land. 
 
Feral cats and dingoes exhibited marked overlap (Ridout and Linkie 2009; Meredith and 
Ridout 2018) in both spatial and temporal activity across both sites, indicating coexistence 
between these predators.  Dingoes and cats were active at the same times on the national 
park site.  Some differences in activity times were evident at the agricultural site; however 
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this reflected shifts in dingo activity times rather than a shift in cat activity.  Cat activity 
times were unrelated to dingo presence or land tenure. 
 
There was no evidence of dingoes excluding cats from any areas at either site, nor was 
there evidence of any within-night spatiotemporal avoidance of dingoes by cats.  Cats 
remained active, abundant and widespread across the park, with evidence of cats hunting 
and breeding successfully in areas occupied by dingoes.  
 
Our findings suggest that feral cats can coexist with dingoes, without significant 
suppression of cat abundance, activity or fitness.  Proposals to reintroduce dingoes should 
be carefully evaluated on a site-by-site basis, as the ability of dingoes to suppress feral 
cats and protect species of conservation significance will likely be context dependent. 
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ABSTRACT 
 
Innovations in the field of robotics have sought to combine technology with farming to 
provide efficient solutions for the ever-present problem of invasive weeds.  Research has 
focused on the development of robotic solutions for use in croplands, while rangeland 
weed management techniques have remained largely unchanged.  In response, we 
developed a prototype robotic spot-sprayer for pass over foliar spraying in Australian 
rangelands that we call AutoWeed.  In partnership with North West Local Land Services, 
we take aim at Harrisia cactus (Eriocereus martini) in the Goondiwindi region to determine 
its suitability as a potential target.  We collected an image dataset of Harrisia cactus 
comprising over 2,000 images of target and non-target plant life in the Goondiwindi region.  
Using state-of-the-art convolutional neural networks (CNNs) to detect the Harrisia cactus, 
we achieved an average classification accuracy of 98.14%, which is an encouraging result.  
To understand the model’s learning, class activation maps were utilised to generate 
heatmaps that identify regions of interest.  It was discovered that the CNN models could 
correctly discriminate between Harrisia cactus and its surroundings despite the highly 
variable nature of the environment.  These results prove the target suitability of Harrisia 
cactus for future field trials of the AutoWeed spot-sprayer robot.   
 
Keywords: Deep learning, convolutional neural networks, AutoWeed, class activation 
maps, transfer learning, weed detection. 
 
 
INTRODUCTION 
 
Invasive weeds are one of the largest threats to modern agriculture, with over $4 Billion 
lost annually due to weed controls and lost production (Sinden, et al 2004).  Common 
controls such as biological, fire, mechanical and herbicide are effective, however, they are 
time consuming and costly to farmers.  In many cases, these techniques are not a 
permanent solution due to the resilience of certain species of weeds.  This problem 
presents an opportunity for researchers to combine technology with farming to achieve a 
step improvement to the cost-effectiveness of weed management.  
 
Robotic solutions focusing on cropland weed management such as the WeedIT (Norton 
2016) and QUT AgBot  (Perez, et al. 2017) have shown real effectiveness.  However, 
detection for rangeland weeds have remained under researched (Olsen, et al. 2019).  
They often contain uneven terrain and sporadic obstacles, requiring a highly robust system 
to survive the harsh conditions.  To that end, the AutoWeed team at James Cook 
University (JCU) has developed a prototype robotic spot-sprayer for pass over foliar 
spraying with a specific application to Australian rangeland pastures. North West Local 
Land Services (North West LLS) has been working with land owners on weed 
management strategies for Harrisia cactus (Eriocereus martini) in the Goondiwindi region 
(Figure 1) and invited us to trial our methods on this invasive plant.  
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Figure 1.  Harrisia cactus (Eriocereus martini) in Goondiwindi. 
 
The current AutoWeed prototype is a robust manned Yamaha Grizzly 700 ATV (Figure 2), 
which utilises machine vision combined with state-of-the-art deep learning techniques as 
its primary detection and classification method.  
 

 
Figure 2.  Autoweed prototype spot-sprayer with four cameras (front) and sprayers (back). 
 
It has four cameras at its front to capture images for detection, and solenoid sprayers 
installed on the rear of the vehicle for selective herbicide application.  The research here 
aims to collect a labelled dataset of Harrisia cactus images and develop a site-specific 
deep learning model to be used in the AutoWeed system. 
 
 
METHODOLOGY 
 
Dataset collection 
 
With help from North West LLS and cooperation with local land owners, two sites were 
selected for data collection: Mumbulu and Willaroo stations located south west of 
Goondiwindi, Queensland, Australia.  To allow the models to be successful in this difficult 
real-world environment, images should be collected in similar conditions to the vision 
system of the AutoWeed spot-sprayer.  To that end, the AutoWeed team has developed a 
data collection tool called the WeedLogger (Olsen, et al. 2019) as depicted in Figure 3, 
which utilises the same camera matching the height of the robot.  Using this, we collected 
1000 target (Harrisia cactus) and 1000 non-target (grass, dirt, non-target flora, etc.) 
images.  It should be noted that data collection took place during drought in June of 2018, 
so the images may not be representative of the environment during wetter times of the 
year.  
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Figure 3.  AutoWeed WeedLogger© (Olsen, et al. 2019). 
 
Harrisia cactus classification 
 
Image classification is a popular field of research, with applications in a wide variety of 
industries.  Public image datasets provide a means for researchers to test their algorithms 
and compete for the best results.  One such algorithm that has dominated the field is deep 
Convolutional Neural Networks (CNN) (He, et al. 2015).  These networks are trained on 
large datasets, such as ImageNet (Russakovsky, et al. 2015), which is comprised of over 
1.2 million labelled images across 1000 different classes.  CNNs trained on such large 
datasets can achieve high classification accuracies.  However, collecting millions of 
images is often prohibitively expensive, and so we adopt the technique of transfer learning 
(Yosinski, et al. 2014).  In transfer learning, a model that is initially trained on another task 
(such as ImageNet), is fine-tuned for a related task (such as identifying Harrisia cactus).  
As the starting point for our experiments, we selected two popular CNNs:  Resnet50 (He, 
et al, 2015) and GoogleNets InceptionV3 (Szegedy, et al. 2015) due to their demonstrated 
successes in the challenging ImageNet classification task.  In our experiment, we replaced 
the final 1000-neuron dense layer of both models, which represent the class outputs, with 
2-neuron dense layers representing our two classes (i.e. Harrisia and others), utilising the 
sigmoid activation function.  We then retrained the network using a learning rate of 0.0001, 
early stopping with a patience of 32, and reduced the learning rate by half successively if 
the loss plateaus for 16 epochs to a minimum of 0.0000125. 
 
Class activation maps 
 
CNN’s are a black box when it comes to classification.  However, a technique known as 
class activation mapping (Zhou, et al. 2016) can be used to better understand the learning 
process.  This is achieved by removing the last layers up to the global average pooling 
layer of the model; whose raw output represents a low-resolution grid of probabilities for 
each region of an image.  These probabilities can be coloured based on the likelihood that 
it contains a chosen class.  When bilinearly interpolated, scaled and overlaid on a test 
image, it generates a heatmap which highlights the regions of interest in the image that the 
model has focused on for its learning. 
 
Software and validation 
 
Each model is trained using randomly seeded 5-fold cross validation, where the training 
set is further split into a validation set resulting in a 60%-20%-20% distribution for training 
set, validation set, and testing set respectively.  This ensures a true comparison between 
successive tests and reduces variations due to differences in the training, validation, and 
test sets.  We used the open source machine learning library Keras using a Tensorflow 
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backend.  An issue that can arise for smaller datasets in deep learning is overfitting; where 
the model becomes biased to the training data and its performance is diminished on new 
and unseen images.  This is caused by an algorithm memorising the training data too well 
resulting in a less generalised model.  To mitigate this, for some of our models we applied 
image augmentations between training epochs.  This ensures that in each epoch there is 
enough image variation which may improve model generalisation and reduce overfitting.  
Due to its success, this study will use the same augmentations as our previous work 
(Olsen, et al. 2019). 
 
 
RESULTS AND DISCUSSION 
 
Table 1 shows the average classification accuracy achieved across the five training test 
phases.  
 
Table 1.  Average binary accuracy results for Harrisia cactus test set across 5-Folds. 

Test Binary Accuracy 

ResNet50 0.9806 ± 0.0104 
ResNet50 + Augmentations 0.9814 ± 0.0067 
InceptionV3 
InceptionV3 + Augmentations 

0.9650 ± 0.0108 
0.9637 ± 0.0142 

 
Our model is capable of highly accurate in situ classification of Harrisia cactus.  It can be 
observed that ResNet50 outperforms InceptionV3, however, accuracy is not the only 
metric that we are interested in.  For a deeper look we need to investigate training and loss 
curves for each model in order to gain insight into how the model has trained.  Figure 4 
shows the average training loss and accuracy across successive epochs for each trained 
model.  
 

 
Figure 4.  Average training accuracy curve (left) left, average training loss curve (right). 
 
Here we can see that without augmentations training halts earlier, due to the early 
stopping rule that we previously found to be effective in training weed detection models 
(Olsen et al 2019), which stops training if the validation loss does not improve over 32 
epochs.  It is observed in Figure 4 that augmentations improve overall validation accuracy 
for both models.  This, however, is not reflected in table 1 for InceptionV3 as it appears 
early stopping may have been too aggressive preventing the model achieving its best 
result on successive folds.  Despite this ResNet50 still outperforms InceptionV3 even on 
folds where longer training has taken place.  The results show that with this dataset we 
can successfully classify Harrisia cactus in situ, however we need to see if it is identifying 
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Harrisia cactus directly or if it is identifying unintended features within the images.  We use 
class activation maps to perform this task while simultaneously gaining insight into sources 
of confusion in the classification model.  We performed this test on the best performing 
model, ResNet50 with image augmentations.  Images of most interest to this study are 
false positives, false negatives, most confident true positives, and least confident true 
positives.  A selection from each of these categories can be observed in Figure 5. 
 

 
Figure 5.  (a) most confident true positive, (b) least confident true positive, (c) false 
positive, (d) false negative. 
 
Through analysis of the generated heat maps, it is observed that the model is classifying 
Harrisia cactus directly as evidenced by Figures 5a and 5b.  It is also observed that even 
when less confident (shown in Figure 5b) it still focused on the correct area of the image. 
Inspecting the false positives and false negatives, though few, did not reveal obvious 
causes of mis-classification (shown in Figures 5c and 5d) and may be the result of having 
a dataset that is too small.  This is an important result that reveals the image features of 
Harrisia cactus are strong enough to be learned by CNNs.  
 
Limitations 
 
The limitations with this study are in the generalisation of the dataset.  The sources of this 
are 3-fold:  Firstly, data collection was only performed at two locations, therefore the 
results for this study are site specific.  To capture a greater diversity of data, more 
locations will be needed.  Secondly, a larger dataset is required as it is currently too small 
by deep learning standards.  Finally, due to drought, the health of the weeds was not ideal 
during collection.  Hence, we have only collected the data in one extreme.  To obtain a 
truly generalised dataset we will need to collect images during the wet season.  With these 
three additions we could possibly see a step improvement in the reliability of the 
classification model. 
 
CONCLUSION 
 
It has been shown that in situ classification of Harrisia cactus can be successfully 
performed using methods compatible with integration to the AutoWeed spot-spraying 
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robot.  Class activation maps further proved that the classification models directly classify 
the weed and not artefacts.  The success of this work will now progress AutoWeed to field 
trials in Goondiwindi later this year. 
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ABSTRACT 
 
In order to mitigate the environmental, economic and social impacts of invasive species in 
the long term, an “adaptive management” approach encompassing both doing and 
learning objectives is often called for.  While monitoring, evaluation and reporting (MER) 
provides an established framework for implementing adaptive learning cycles, its practical 
application remains challenging.  One particular problem is the limited capacity of land 
managers to derive meaningful and timely insights from monitoring data.  This requires 
accessible platforms and streamlined processes for data integration, analysis and 
evaluation.  Here, we present a case study partnership between the Aak Puul Ngantam 
(APN) indigenous rangers of Cape York Peninsula’s Aurukun community and CSIRO, 
where we use novel interactive dashboard tools to facilitate adaptive management of feral 
predators that are threatening marine turtle populations on APN country.  Dashboards aim 
to translate monitoring data into evaluation insights via a set of interactive visualizations.  
We developed three thematic dashboards on (i) turtle nest depredation patterns, (ii) effects 
of aerial control on feral pig populations, and (iii) hatchling survival rates.  During a 
strategic planning session, dashboard visualizations allowed APN rangers to interactively 
engage with their monitoring data, evaluating spatial patterns and temporal trends, and 
relating these to their own knowledge and on-ground experiences.  Map-based 
visualizations were particularly useful by explicitly connecting data to country and providing 
a visual entry point to more detailed data evaluation.  Interactive dashboard tools provide a 
clear technology pathway for implementing the MER framework and facilitating learning for 
adaptive management.  As a direct result of evaluation, APN rangers decided on major 
changes to feral pig control and marine turtle protection during the coming management 
cycle. 
 
Keywords: marine turtles, conservation, invasive species, engagement, monitoring, 
evaluation, business intelligence. 
 
 
 
INTRODUCTION 
 
Mitigating the environmental, economic and social impacts of invasive species is a long-
term endeavour.  Due to many layers of uncertainty, on-ground management interventions 
rarely solve the problem straight away.  Instead, control activities must be repeatedly 
adjusted, integrated and coordinated between multiple stakeholders in order to achieve 
positive outcomes.  This is captured in the “adaptive management” approach, which refers 
to the dual pursuit of doing and learning with the goal to iteratively decrease uncertainty 
(Williams & Brown 2016).  
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The monitoring, evaluation and reporting (MER) framework provides a means for 
implementing adaptive learning cycles (Australian Government 2009, Williams & Brown 
2016):  (i) a program logic is established linking management interventions to long-term 
outcomes, (ii) monitoring and evaluation of both activity and outcome indicators allows 
managers to track performance and establish whether the program logic is accurate and 
positive outcomes achieved, (iii) on the basis of learnings, improvements to the program 
logic (e.g. implement alternative control activities to better achieve outcomes) or 
monitoring and evaluation strategy (e.g. adjust indicators to fill knowledge gaps, or adjust 
resources allocation for monitoring vs. control activities) can be implemented, (iv) program 
performance and learnings are communicated via reporting.  MER is now an established 
framework for natural resource management programs in Australia (Australian 
Government 2009), and increasingly required by government funding agencies to promote 
accountability for public investments (Queensland Treasury 2014) 
 
Nevertheless, putting MER into practice for adaptive on-ground management remains 
challenging (Williams & Brown 2016), and successful examples for invasive species 
control are rare (Foxcroft and McGeoch 2011, Doherty and Ritchie 2017).  Many programs 
fail to collect monitoring data on the outcomes of management interventions and simply 
report on activities (Doherty and Ritchie 2017).  Where a comprehensive monitoring 
program is in place, data often remain underutilized, a phenomenon termed “invasive 
species knowing-doing gap” by Nourani et al. (2018:1).  One particular problem is the 
limited capacity of land managers to derive meaningful and timely insights from their data.  
This requires accessible platforms and streamlined processes for data integration, analysis 
and evaluation.  Here, we present a case study partnership between the Aak Puul 
Ngantam (APN) indigenous rangers and CSIRO, where we use novel interactive 
dashboard tools to bridge the knowing-doing gap and facilitate adaptive management of 
feral predators that are threatening marine turtle populations. 
 
 
MATERIALS AND METHODS 
 
Case study  
 
The APN indigenous rangers of western Cape York Peninsula’s Aurukun community 
manage their country for multiple cultural and natural values.  As part of the Nest to Ocean 
Turtle Protection Program (QPWS 2014), they seek to improve the nesting success of 
threatened marine turtle species (esp. Olive Ridley turtle, Lepidochelys olivacea) through 
the active control of feral animals and prevention of nest depredation by a range of 
species.  CSIRO researchers have provided technical support with planning, data 
collection and analysis since program commencement in 2011. 
 
Monitoring data  
 
While the initial program focus was on predator (namely, feral pig) control activities, a 
comprehensive, long-term monitoring program has been iteratively implemented under 
guidance by CSIRO researchers.  Here, we utilized two data sets: (i) number and location 
of feral pigs shot during aerial control activities during 2013 – 2018; and (ii) monitoring of 
turtle nests during 2015 – 2018, including data about nesting site and species, depredation 
status and species, management intervention and hatchling survival.  Custom iPad apps 
(Distance Sampler and Nestor) have also been developed to support streamlined and 
consistent data collection. 
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Evaluation dashboards 
 
We used interactive dashboard technology, developed in the field of ‘business intelligence 
(BI)’, to translate monitoring data into evaluation insights that empower the APN rangers to 
learn from their data and adapt management strategies accordingly.  Modern BI 
dashboard tools are highly customizable and allow for real-time integration with a range of 
data types and sources, quantitative or location-based analyses, interactive visualizations, 
and cloud-based information sharing. APN dashboards were implemented using free 
Microsoft Power BI Desktop software. 
 
Engagement 
 
We engaged extensively with the APN rangers and their government funding agencies to 
clearly define key indicators of success (i.e. desired program outcomes), and establish 
automated processes for integrating monitoring data streams into evaluation dashboards.  
Three thematic dashboards were developed to provide insights on (i) turtle nest 
depredation patterns, (ii) effects of aerial control on feral pig populations, and (iii) hatchling 
survival rates.  These dashboards were used during an interactive planning session with 
APN rangers, held at Aurukun in February 2019, to inform adaptive decision-making on 
the next season’s on-ground management activities. 
 
 
RESULTS 
 
Dashboard visualizations facilitated in-depth discussions with rangers about the successes 
and failures of management activities.  They allowed rangers to interactively engage with 
their monitoring data, evaluating spatial patterns and temporal trends, and relating these to 
their own knowledge and on-ground experiences.  Map-based visualizations were 
particularly useful to the indigenous audience by explicitly connecting data to country and 
providing a visual entry point to more detailed exploration of the underlying data sets via 
summary graphs (Figures 1 and 2).  As a direct result of evaluation, rangers adopted an 
entirely new approach to feral pig control and marine turtle protection activities. 
 
For example, the thematic dashboard on turtle nest depredation (Figure 1) highlighted the 
specific segments of beach targeted by each predator species as well as the timing of 
depredation events.  These spatiotemporal patterns were related by rangers to sightings 
and activity signs of large male individual pigs and goannas.  The thematic dashboard on 
aerial control activities (Figure 2) suggested that, following correction for uneven sampling 
effort, feral pig population densities in high quality habitat did not decrease despite 
intensive culling.  While aerial control may be important in supressing landscape-scale 
feral pig impacts, monitoring data revealed no clear link between aerial control, feral pig 
population size, and turtle nest depredation.  Consequently, rangers decided that targeted 
control of those individual predators directly responsible for nest depredation was a 
superior way to use limited resources than broad scale aerial control.  Data evaluation 
suggested key times and locations for such targeted predator management (e.g. for feral 
pigs August to September on a 7km stretch of beach in the northern section, Figure 1c). 
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Figure 1. Thematic dashboard evaluating 
marine turtle nest depredation during 
2015 – 2018. Depredation trends may be 
explored by predator species, location 
and time (year, month and week). Insets 
show predation hotspots for (a) goannas, 
(b) dingoes, and (c) feral pigs. 
 

 
Figure 2. Thematic dashboard evaluating feral pig aerial control during 2014 – 2018. 
Spatiotemporal trends may by explored by output (number of pigs culled) and population-
level outcomes (culls, as an indicator population size, per habitat quality category). 
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DISCUSSION 
 
Interactive BI dashboard tools provide a clear technology pathway for implementing the 
MER framework and facilitating learning for adaptive management.  Here we presented 
results from an ongoing partnership between the APN indigenous rangers and CSIRO, 
where we use dashboards as a data evaluation platform within a broader adaptive co-
management program (Nourani et al. 2018) that had already yielded a comprehensive, 
long-term monitoring data set.  By adopting a participatory approach to dashboard 
development, and empowering rangers to interact with, and learn from, their own 
monitoring data via a carefully designed set of visualizations reflecting key indicators of 
success, we hope to close the knowing-doing gap for improved marine turtle protection on 
APN country (Nourani et al. 2018). 
 
Ultimately, we envisage that these dashboards will enable the APN rangers to adapt 
predator control strategies and work plans in near real time to respond to emerging 
threats, and support the timely and accurate reporting of program outcomes to government 
funding agencies.  This is reliant on highly standardized and accurate monitoring data that 
directly answer to the identified indicators of success.  Despite app-supported data 
collection, a range of manual processing and cleaning steps were needed when 
integrating data into evaluation dashboards.  Future work will focus on (i) refining key 
program indicators from both the on-ground adaptive management and reporting 
perspectives, (ii) adjusting monitoring protocols so that information gaps are addressed 
and progress on all key indicators can be effectively evaluated, and (iii) automating 
workflows for data collection, storage and dashboard integration, as well as real-time 
updating and sharing of dashboard data summaries and visualizations. 
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ABSTRACT 
 
From the mid-1990s a number of eucalypt plantations were established in southern Qld 
and northern NSW.  Post-2008 the market for forest products declined and little work was 
done to maintain these plantations.  Recently demand has increased and long-neglected 
plantation management has resumed. 
 
Forest Corporation of NSW identified a number of management tracks in plantation 
eucalypt blocks within Beaury State Forest that needed an integrated program of 
mechanical reduction of the biomass followed by herbicide application to reopen them.  
The contractor advised that they had a heavy duty slasher with wet blade application 
equipment that would allow a “single pass” treatment. 
 
Wet blade machines treat woody plants via cut stump application.  While there are 
herbicides registered for cut stump application only one, Tordon™ RegrowthMaster 
Herbicide, references wet blade technology on the label.  Formal field trial work is limited, 
commercial application on mixed eucalypt and wattle regrowth has been inconsistent and 
there was no data available on other woody weed species on the access tracks. 
 
Due to the lack of data on these key woody species a commercial-scale trial using wet 
blade application was conducted in the Beaury State Forest to develop guidelines on the 
dilution rates necessary to deliver control of the key woody weed species and to assess 
whether wet blade application could be commercially employed to clear and treat the 
dense regrowth on the tracks. 
 
This paper presents the results of that trial and summarises the integrated vegetation 
management programs developed to reopen access along tracks with dense regrowth. 
 
Keywords:  Wet blade application, herbicide, lantana, wild tobacco, plantation forestry. 
 
INTRODUCTION 
 
The maintenance of access tracks and firebreaks in plantation forests is time consuming 
and expensive (Kathryn Crowe FCNSW pers comm.) and traditionally involves repeated 
mechanical slashing operations with some emergency bulldozing when wildfire threatens. 
 
The additional cost of herbicide and labour involved in completing a high volume/foliar 
application has resulted in very little integration of herbicides into track management 
programs so there is no long-term reduction in either the density or biomass of woody 
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species such as mixed eucalypt (Corymbia sp. and Eucalyptus sp) and wattle (Acacia sp.) 
regrowth and other woody weed species such as lantana (Lantana camara) and wild 
tobacco tree (Solanum mauritianum) which constitute much of the regrowth on the tracks. 

Wet blade application technology has been used in North America but, apart from some 
commercial demonstration work on gorse (Ulex europaeus) in Victoria (Phil Sansom, 
Jensan Farm Services, pers comm.) no work has been done in Australia to quantify 
herbicides and dilution rates that might control these woody species. 

Wet blade machines are, effectively, treating woody plants via the cut stump application 
method.  While there are a number of herbicides registered for application via cut stump 
application only one product, Tordon™ RegrowthMaster Herbicide (25 g/L aminopyralid + 
100 g/L picloram + 200 g/L triclopyr), references wet blade technology on the Australian 
label.  Given the requirement that only registered herbicides can be applied on land 
managed by Forest Corporation of NSW the trial work was limited to an assessment of the 
application rates of Tordon RegrowthMaster that might deliver commercially-acceptable 
control of these key species. 
 

MATERIALS AND METHODS 
 
Treatments 
 
Initial dilution and application rates were decided based on the product label dilution rates 
for cut stump treatment and the documented experience of dilution rates applied in a total 
of 20 L mix/ha for the control of gorse in Southern Australia. 
 
On inspection of the proposed trial site, the operator advised that, due to the nature of the 
regrowth, he would be restricted to operating the machine at a maximum speed of 3 kph 
and that the machine would apply in the order of 90 L diluted mix/ha. 
 
The proposed dilution rates were adjusted accordingly to deliver the same volume of 
product/ha as shown in Table 1: 
 
Table 1:  Revised Dilution and Application Rates 

Proposed Dilution Product/Ha 90 L Herbicide Mix 

1:19 1.0 L 1 L + 89 L water 
1:9 2.0 L 2 L + 88 L water 
1:4 4.0 L 4 L + 86 L water 

 
A 90 L batch of diluted herbicide treats 2 km of access track via a single pass/5 m swath 
width. 
 
Treatments were not replicated but the area treated at each dilution allowed observations 
to be made on sufficient individual plants of each key species to ensure reliability of the 
data. 
 
A preliminary assessment was undertaken at 6 months after treatment and a final 
assessment at 10 ½ months after treatment.  At the final assessment a minimum of 100 
individual plants of each of the key species (wild tobacco tree and lantana) were assessed 
as live or dead and observations made on the control of any other species. 
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Application 
 
Application was made via a 180 hp 4WD tractor and a modified Land Pride heavy duty 
slasher with a fixed centre section and 2 m fold up wings.  Total swath width was 
approximately 5 metres. 
 
The Diamond Mowers’ Ecoblade system runs the diluted herbicide mix through a hollow 
bolt and a channelled blade attachment directly onto the underside of the slasher blade, 
the modified Land Pride machine runs the diluted herbicide through a hole drilled in the 
blade deck inboard of the blade attachment.  Flow rate is regulated by a replaceable orifice 
located in the delivery line and the diluted herbicide is fed onto the blade by centrifugal 
force.  The different herbicide feed methods are shown in Figures 1 and 2. 
 

         
Figure 1: Ecoblade  herbicide feed Figure 2: Modified Land Pride herbicide feed 

  
Application was commenced on 10th May 2017.  Conditions were cool to cold with thick 
mist.  While those conditions would not favour foliar application they were not likely to have 
any adverse impact on the efficacy achieved via cut stump application. 
 
Treatments were applied as shown in the attached map (Appendix 1). 
 
Application Notes 

When application began it was clear that the vegetation was, in places, extremely dense 
though the stem count/ha was not particularly high and the machine did cut and treat these 
dense areas adequately.  However some stems were above the maximum stem diameter 
that the machine could comfortably cut and many were cut too high. There was 
considerable vegetation overhanging the tracks and the slasher passed beneath this with 
no contact made by the wing-mounted blades.  The wings also pulled over some 
vegetation and ran along the main stems rather than cutting the stems cleanly.  This did 
apply diluted herbicide mix to one side of those stems rather than to a clean cut surface. 
 
The highest application rates (2.0 and 4.0 L Tordon RegrowthMaster/ha) were applied in 
these denser areas.  The lowest application rate (1.0 L Tordon RegrowthMaster/ha) was 
applied some days later on an access track where regrowth was less dense. 
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Weed Species Present At Application 
 
All treated tracks had sufficient populations of lantana (Lantana camara), wild tobacco tree 
(Solanum mauritianum) and mixed wattles (Acacia sp) for the collection of meaningful 
data.  In areas where lantana and wild tobacco were less dense Crofton weed (Ageratina 
adenophora), mistflower (Ageratina riparia)  and spear thistle (Cirsium vulgare) were noted 
and there were a few isolated though dense areas of Senna sp. 
 
RESULTS 
 
The final assessment was made on 23rd March 2018 approximately 10 ½ months after 
application.  While this was earlier than the planned 12 month final assessment it is 
reasonable to assume that any treated but surviving plants would show regrowth by the 
end of the summer following treatment.  Final assessment results are presented in Table 
3. 

Table 2. Mortality by species 10 ½ months after treatment 

Weed Species  Treatment  

 1.0 L/ha 2.0 L/ha 4.0 L/ha 
Lantana 0 % 15 % 79 % 
Wild tobacco 0 % 21 % 91 % 
Wattles 43 % 100 % 100 % 
Senna 0 % 0 % not present 

 
1.0 L Tordon RegrowthMaster/ha 
 

 Lantana - plant population was much less than in other treatments and most plants 

were on the edges of the treated swath but cleanly cut plants were also regrowing 

 Wild tobacco - plant population was less than in other treatments and most plants 

were on the edges of the treated swath.  However all cleanly cut plants were also 

regrowing 

 Wattle species – qualitative observation that larger diameter plants were controlled 

 Senna - no control.  All plants show a clean cut with regrowth immediately below 

the cut surface 

2.0 L Tordon RegrowthMaster/ha 
 

 Lantana – poor control regardless of how well cut 

 Wild tobacco - results were more variable but control unacceptable 

 Wattle species – no plants showed any signs of regrowth 

 Senna – no control with regrowth immediately below the cut surface 

 Raspberry –l areas of raspberry along the edges of the track showed no regrowth 

4.0 L Tordon RegrowthMaster /ha 
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 Lantana – 21 % regrowth may not be acceptable.  However the regrowth was 

observed where plants were not cleanly cut and control along the centre of the track 

beneath the central rigid section of the machine was greater than 90 % with most 

regrowth from multi-stemmed plants with a basal diameter greater than 7.5 cm. 

 Wild tobacco – even partially cut plants showed good control though best control 

was achieved in cleanly cut plants up to 7.5 cm basal diameter. 

 Wattle species – no plants showed any signs of regrowth 

 Senna – no Senna plants were noted in this treatment 

 
Seedling Regeneration 
 
There was wild tobacco seedling regeneration in all treatments though this was most 
extensive where the initial population was high. 

Off-target Damage 
 
No visible herbicide symptoms were observed in any plantation eucalypts or in any other 
woody species growing outside the treated access tracks. 

SUMMARY 
 
The results show that, for regrowth of this nature, an application rate of 4.0 L Tordon 
RegrowthMaster Herbicide is necessary to achieve a commercially-acceptable level of 
control. 
 
The nature of the regrowth had some impact on the results with visibly more regrowth at 
both 2.0 and 4.0 L Tordon RegrowthMaster/ha where plants were great than 7.5 cm basal 
diameter and not cleanly cut and regrowth was higher on plants towards the edge of the 
treated swath that were dragged over by the folding wings on each side of the machine. 
 
The quantitative results do not suggest that an intermediate rate might deliver 
commercially acceptable control but observations of plants cut cleanly suggest that 
treatment rates could be refined to in future work if a preliminary heavy mulching is 
undertaken to reduce the bulk and diameter of regrowth. 
 
CONCLUSION 
 
Tordon RegrowthMaster Herbicide applied at 4.0 L/ha as a cut stump treatment using wet 
blade equipment should be applied to single stem regrowth no greater than 7.5 cm basal 
diameter to ensure optimum control of susceptible woody species.  Control of multi-
stemmed regrowth where the crown diameter exceeds 7.5 cm or regrowth where stems 
are not cut completely will be less reliable.  Lower rates will not provide acceptable control. 
 
However it is clear that wet blade application should be incorporated as one component of 
an integrated vegetation management (IVM) program to achieve the best results from the 
herbicide applied and to deliver a longer-term improvement in vegetation control and track 
access. 
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APPENDIX 1 Map showing location of site and treatments 
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ABSTRACT 
 
Unacceptable levels of impact from feral deer in the Ballandean area, Southern Downs 
Queensland, are being dealt with collaboratively by Southern Downs Regional Council, 
Queensland Parks and Wildlife Service, Queensland Murray-Darling Committee and the 
University of Southern Queensland. Aerial shooting and hunting are two methods used to 
reduce deer numbers or suppress population growth. This paper describes the use of 
Camera Traps to monitor the effectiveness of aerial shooting as a control method for fallow 
deer (Dama dama).   
 
Movement sensing cameras (Camera Traps) were established along tracks and near 
dams on two properties to measure the activity of fallow deer before and after two aerial 
shooting events.  Over three days in June 2017 (event one) a total of 563 fallow deer were 
shot and almost one year later over three days in late May 2018 (event two) a total of 523 
fallow deer were shot. 
 
The Passive Camera Indices (PCI: deer photographed per day) indicated that there was a 
reduction in the fallow deer population following the two control events. The overall drop in 
the number of fallow deer photographed per day was 88% based on a comparison 
between the PCI from before the first event with that determined after the second event. 
 
In the Southern Downs fallow deer may now be at a level where hunters can prevent 
population increases.  Otherwise another helicopter shoot may be required to reduce the 
population further so that hunting will then be able to suppress fallow deer population 
increase. 
 
Keywords: Fallow deer, Passive Camera Indices, control. 
 
 
INTRODUCTION 
 
Fallow deer can cause environmental and economic damage (Jensz and Finley 2013).  
They can reduce agricultural production by competing with livestock, damaging crops or 
pasture. Concern for the damage caused by fallow deer in the Ballandean area has led to 
the use of aerial shooting to reduce the number of deer and therefore the damage. Aerial 
shooting is a quick and humane method (Hampton et al. 2014; Hampton et al. 2017) 
commonly used for reducing the numbers of feral pigs (Choquenot et al. 1999), feral goats 
(Bayne et al. 2000) (Edwards et al. 1997), feral camels and feral horses (Matthews et al. 
2001) in Australia.  Until recently this method has not been used for deer control in 
Australia although it has been used for a long time in New Zealand (Forsyth et al. 2013) 
(Parkes et al. 1978). 
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For any control operation it is important to obtain a measure of effectiveness (Amos et al. 
2014). There is a need for monitoring methods suitable for landholders and pest control 
officers that do not overburden them and do not reduce their ability to perform their normal 
work.  
 
This document describes the collaborative arrangements undertaken by Southern Downs 
Regional Council (SDRC), Queensland Parks and Wildlife Service (QPWS), the University 
of Southern Queensland (USQ), the Queensland Murray-Darling Committee (QMDC) and 
the local landholders in the use of Camera Traps and the Removal Method to determine 
population size and measure the effectiveness of shooting from helicopter to reduce fallow 
deer numbers in the Southern Downs, Queensland. 
 
 
MATERIALS AND METHODS 
 
SDRC, QPWS, Landcare, USQ and local landholders have been undertaking control 
methods for reduction of feral fallow deer populations in the Ballandean location for three 
years.  This has been carried out through funding assistance from Queensland 
Government projects including the Drought Assistance Pest Management Program Round 
Two and the Queensland Feral Pest Initiative Round Two (QFPI 2).  Throughout these 
events movement sensing cameras (Swift 3C trail cameras) were installed in two clusters 
of five cameras across areas of open pasture (Figure 1).  The use of Camera Traps has 
been shown to be suitable to obtain a scientific measure of the activity of pest and wildlife 
species (Meek et al. 2012; Mitchell and Balogh 2007). 
 
Helicopter shoots were conducted during June 2017 (event one) flying a total of 1073 km 
and May 2018 (event two) flying 1048 km.  Cameras were placed on trees 19 days prior to 
event one.  Digital photographs were collected from these cameras up to 90 days after 
event one. Cameras were placed on trees 43 days prior to event two.  Digital photographs 
were collected from these cameras up to 26 days after event two.  Cameras were set to 
take a photograph every 5 minutes (Time-lapse) between 5 am and 6 pm.  Cameras were 
not able to take time-lapse as well as triggered photographs so time-lapse was selected.  
Time-lapse allowed regular sampling of a large view. 
 
Photographs were viewed using a Web App CamtrapPC and the number of fallow deer, 
kangaroos, cattle, wallaby and feral pigs photographed were counted.  Fallow deer 
population size was estimated using the Removal Method (Carle and Strub 1978; Zippin 
1958). 
 
The fallow deer population annual rate of increase was estimated from the change during 
the year between the shooting events.  This estimate was used to determine the likely time 
for the population to return to a pre-shoot level. 
 
 
RESULTS 
 
In 109 days 3691 target animals were photographed before and after event one and in 69 
days 2112 target animals were photographed before and after event two by the Camera 
Traps.  The changes in Passive Camera Index (PCI) for each camera from before to after 
shooting for event one are shown in Figure 2 and for event two in Figure 3.   
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Table 1 shows the change in PCIs, population estimates, impact on the population, impact 
on the PCI and effort in number of kilometres flown and number of deer shot per kilometre.   
A drop of 48% in PCI corresponded to shooting of 563 fallow deer during event one. 
 
 
 

Figure 1: Open pasture in fallow deer control area and within 2 km (red lines) of Camera 
Trap sites.

Figure 2: Shooting event one, June 2017, 
Passive Camera Indices (Fallow deer visits 
per camera per day). 

Figure 3: Shooting event two, May 2018, 
Passive Camera Indices (Fallow deer visits 
per camera per day). 
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Table 1: Passive Camera Indices (PCIs, animal visits per camera per day) before and 
after events 1 and 2. Estimated fallow deer population determined assuming that the 
number of deer shot equaled the change in PCI from before to after each helicopter 
shooting event. The kilometres flown and deer shot per kilometre are also shown. 

 
Assuming 48% = 563 deer then 1% = 11.73 deer.  From this we calculated the starting 
population to be 1173 deer and after event 1 we estimated there were 610 deer remaining. 
Likewise a drop of 75% in PCI corresponded with the shooting of 523 deer.  This allowed 
calculation of the population before event 2 to be 697 deer and then after the shoot (event 
2) 174 deer were remaining.  
 
The increase of 14% in population estimate from June 2017 to May 2018 (~12 months) is 
perhaps a good estimate of the rate of increase of this population of fallow deer.  At 14% 
increase per year it will take 15 years for the population to recover to the pre-control size.  
At a rate of increase of 20% per year the population will take 10 years and at a maximum 
possible rate of increase of 35% there will be over 1000 fallow deer again within six years. 
 
 
DISCUSSION 
 
Fallow deer numbers can be reduced substantially by shooting from helicopter in the 
Southern Downs.  Using time-lapse only without triggered photographs proved useful for 
monitoring the effectiveness of the control operations.  This combined with the Removal 
Method produced reasonable population estimates and is a method suitable for 
landholders or pest control officers who are time-limited. 
 
Although it will most likely take a long time, 10 to 15 years, for the population to recover it 
is a good opportunity to push numbers to even lower levels and further prolong their 
recovery.  Further monitoring is required to check that the findings reported here hold true.  

 Event 1 (June 2017) Event 2 (May 2018) 

 Before After Change Before After Change 

Photographs per day 1.13 0.59 48% 0.56 0.14 75% 

Shot 563 = 48% 523 = 75% 

Population 1173 610 48% 697 174 75% 

Impact on population 1173 
 

174 85% 

Impact on photographs 
per day 

1.13 
 

0.14 88% 

Effort (helicopter path 
km) 

1073 1048 

Deer shot per km 0.525 0.499 
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With only ten cameras in the open grassland and no cameras in the surrounding tree 
covered areas it is difficult to say without doubt that deer did not disperse into the hills and 
stay there. The assumption that deer did not disperse is a requirement of the Removal 
Method and estimates reported here may be misleading if dispersal was common.  
Radio/satellite tracking in conjunction with camera trap monitoring and management 
operations would help us be more confident with the assumptions required for estimating 
population size. 
 
Fallow deer are most likely removing pasture valuable for cattle production.  Around five to 
10 fallow deer could eat enough pasture to feed one steer            
(http://www.naturalresources.sa.gov.au/samurraydarlingbasin/publications/grazing-
livestock-mlrstocking-rates).  We estimated 32 fallow deer per square kilometre over all the 
open grassland area before the first helicopter shooting event.  This density of deer could 
be equivalent to somewhere between 19% and 39% of the stocking capacity, equivalent to 
6 to 12 cattle per square km.   
 
To prolong recovery of the fallow deer population a further helicopter shoot may be 
required or perhaps hunting can remove sufficient deer to prevent the population from 
increasing.  At a 14% increase per year 24 deer will need to be removed per year and at a 
35% increase per year 61 deer will need to be removed.  Further monitoring will be 
required in case the assumptions upon which these calculations are based are flawed.   
 
 
CONCLUSION 
 
The monitoring methods used provided a useful measure of fallow deer numbers pre and 
post helicopter shooting.  This method should be useful for landholders and pest control 
officers. Aerial shooting reduced the impact of fallow deer and the population is now at a 
level where hunting could restrict population growth by taking out 24 to 61 fallow deer per 
year. 
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ABSTRACT 
 
Sporobolus is a genus containing 198 grass species from the tropics and subtropics, 
including Africa, temperate and tropical Asia, Oceania, North and South America. In 
Australia, 18 species are endemic, and a further six are naturalised weeds. Giant rat’s tail 
grass (GRT) and the other introduced weedy Sporobolus grasses are unpalatable, 
perennial, tussock-forming grasses of serious concern to the grazing industry across 
eastern Australia. GRT reduces the carrying capacity and productivity of more than 
450,000 ha of pastoral land in eastern Queensland, New South Wales and areas of 
Victoria and is a high risk fodder contaminant. Current control efforts for weedy Sporobolus 
grasses centre on the use of chemical, mechanical, plant competition and pasture 
management. Despite these control options weedy Sporobolus grasses continue to rapidly 
spread into new areas.  

Australian field surveys for culturable foliar pathogens of Sporobolus identified over 300 
fungal isolates from at least 15 different genera. Eight of these genera (Colletotrichum, 
Curvularia, Microdochium, Neopestalotiopsis, Pestalotiopsis, Phoma, Septoria and 
Stagonospora) are known pathogens of grasses worldwide. Three of the isolates are 
recognised as new species and more isolates remain to be characterised. During the 
pathogen surveys, the South African GRT leaf smut, Ustilago sporoboli-indici has been 
found in the Queensland regional areas of Bundaberg, Childers, Conondale, Gin Gin, 
Miriam Vale and Taunton. The smut was found infecting a large number of GRT shoots 
indicating that it has the potential as a classical biocontrol agent in Australia.  

The utilisation of endemic pathogens for controlling GRT in Australia at this stage remains 
untested. Pathogens of native Australian Sporobolus spp. may provide the arsenal, to 
control or suppress introduced weedy Sporobolus spp. 

Keywords: Sporobolus, GRT, pathogen. 

 
INTRODUCTION 
 
Sporobolus (Poaceae) contains 186 grass species and potentially 12 unresolved species 
from tropical and subtropical parts of the world, including Africa, temperate and tropical 
Asia, Oceania, North and South America (Petersen et al. 2017).  Eighteen species are 
endemic to Australia, and a further six species are naturalised weeds (Simon and Jacobs 
1999; AVH 2019). The genus Sporobolus was divided into 15 major clades of closely allied 
species, including the S. indicus complex, which comprises at least 23 species (Petersen 
et al. 2017). In Australia, the S. indicus complex includes five introduced weedy species, 
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Parramatta Grass (S. africanus), Giant Parramatta Grass (S. fertilis), American Rat’s Tail 
grass (S. jacquemontii), Giant Rat’s Tail Grass (GRT) (S. natalensis and S. pyramidalis), 
as well as five native species, S. blakei, S. creber, S. elongatus, S. laxus and S. sessilis.  

The weedy Sporobolus grasses threaten to cost the grazing industry of eastern Australia 
$60 million per annum, having the potential to infest 60% of Queensland and 30% of 
Australia over a range of soil types, where the annual rainfall is greater than 500 mm (Bray 
and Officer 2007). In Australian rangelands, Sporobolus species are undesirable pasture 
grasses that dominate pastures, excluding most other grass species (Burrows et al. 1988, 
Shrestha et al. 2003). The few native species regarded as favourable fodder grasses, S. 
actinocladus, S. caroli, S. mitchellii and S. virginicus, have high protein-content when 
fresh, but do not provide bulk (Simon and Jacobs 1999). Three of the native species, S. 
disjunctus, S. latzii and S. partimpatens, are considered rare (Simon 1993), and S. 
pamelae is listed as endangered in Schedule 2 of the Queensland Nature Conservation 
Act 1992.  

In 2000, a biological control program was implemented by the Queensland Government 
and funded through Meat and Livestock Australia (Palmer 2008) to survey GRT and 
Parramatta grass in southern Africa for insects, mites and pathogens as potential 
biocontrol agents. The study identified 70 phytophagous insect species and 23 plant 
pathogens, with two agents, a wasp (Tetramesa sp.) and a leaf smut (Ustilago sporoboli-
indici), showing promise (Palmer 2008). The wasp larvae feed in the stem of GRT resulting 
in malformation of the seed head (Palmer 2008). However all efforts to rear this species in 
the laboratory failed and work on this agent was discontinued in 2007 (Palmer 2008). The 
smut was found to infect four native Australian species of Sporobolus (all within the S. 
indicus complex section) (Yoko et al. 2009) and was therefore rejected as a biological 
control agent. In 2017, Ustilago sporoboli-indici was found infecting S. natalensis in 
Australia (Vitelli et al 2017), previously only known from South Africa on S. pyramidalis. 
The leaf smut produced black teliospores in sori in the leaves, leaf sheaths and stems 
which rendered infected shoots almost sterile (Vitelli et al 2017). 

The potential of an Australian strain of the crown rot (Nigrospora oryzae) has been 
considered as a biological control agent for Giant Parramatta Grass (S. fertilis) 
(Ramasamy et al. 2008). When the crown rot was tested on GRT it was found to be 
ineffective (Fletcher and Leemon 2015). 

Endemic plant pathogens are components of all natural ecosystems. For a disease to 
develop, three factors are needed: a virulent pathogen, a susceptible host, and a 
conducive environment. This project identified fungal pathogens of native Sporobolus spp 
at sites where both native and weedy Sporobolus species co-existed. 

MATERIALS AND METHODS 
 
Pathogen survey: Surveys for fungal pathogens were carried out across pastures, 
roadsides and forest verges of Sporobolus infested areas of Queensland, from Buchan 
Point (22 km N of Cairns) in the north to Beechmont (25 km SW of the Gold Coast) in the 
south during 2017-2019. These surveys were carried out every 30-60 days during the 
study period. The most extensive observations were made around Taunton (24.4587° S, 
151.7992° E), near Miriam Vale, Queensland, where naturalised populations of GRT had 
been in decline since 2015. 

At each location, five to 30 unhealthy plants exhibiting disease symptoms, including 
stunting, loss of vigour, inflorescence reduction or extensive lesions, were collected. 
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Priority was given to foliar diseases and root pathogens were excluded. Symptomatic plant 
material was removed and stored in labelled paper bags and infected tussocks were dug 
up and placed in labelled sterile resealable bags and placed in a cooler for transportation 
to the laboratories located at the Ecosciences Precinct (ESP), Dutton Park.  

Pathogen isolation: For each infected plant, 3-5 cm segments of diseased leaf tissue were 
excised and surface sterilised by submersion in a solution of 10 % v/v ethanol and 1 % v/v 
sodium hypochlorite for 30 s. The leaf segment were then rinsed with sterile distilled water 
and dried on sterile filter paper inside a Laminar flow cabinet. Three to six 2 mm segments 
of leaf were then cut from the surface sterilised tissue adjacent to a lesion and placed onto 
a 9 cm plates with potato dextrose agar (PDA) supplemented with 0.05 % w/v 
streptomycin (SPDA) or 0.02% chloramphenicol (CPDA). The SPDA or CPDA plates were 
sealed with Parafilm®, labelled with a unique identifier, collection date and host plant, and 

placed in an airtight container and maintained in the dark in a growth cabinet set at 25 C. 

The plates were observed after 3 days for signs of fungal growth and checked periodically 
under a compound microscope (Leica DMLB). Fungal colonies were sub-cultured from the 
infected leaves. To prepare pure cultures, the hyphal tips were excised and sub-cultured 

onto PDA plates and incubated at 25C until pure cultures were observed. Mycelial plugs 

from pure cultures were inserted in 2 mL centrifugal tubes containing a 10% glycerol 

solution and placed in an -80C freezer maintained by the Queensland Plant Pathology 

Herbarium (BRIP) for long-term storage.  

DNA – extraction, PCR and sequencing: Mycelium were scrapped off the PDA cultures 
and macerated with 0.5 mm glass beads (Daintree Scientific) in a Tissue Lyser (Qiagen). 
Genomic DNA was extracted with the DNeasy Plant Mini Kit (Qiagen) according to the 
manufacturer’s instructions. The primers V9G and ITS4 were used to amplify the internal 
transcribed spacer (ITS) region; primers T1 and Bt2b were used to amplify part of the β-
tubulin gene (tub2); a partial region of the translation elongation factor 1-α (tef1α) locus 
was amplified using the primers EF1-728F and EF2, and the primers LR0R and LR5 were 
used to amplify partial regions of the large subunit (LSU) of the nuclear ribosomal RNA. All 
loci were amplified with Phusion High-Fidelity PCR Master Mix (New England Biolabs). 
The polymerase chain reaction (PCR) products were purified and sequenced by Macrogen 
Incorporated (Seoul, Korea).  

RESULTS 
 
Pathogen survey. 14 pathogen surveys were carried out across 64 Sporobolus infested 
sites in Queensland including Beechmont, Buchan Point, Bundaberg, Charters Towers, 
Clermont, Conondale, Dimbulah, Eton, Mackay, Mareeba, Miriam Vale, Mt Surprise, 
Taunton, Tewantin and Woodford.  

A total of 159 tussocks and symptomatic plant material belonging to 13 species (S. 
actinocladus, S. africanus, S. caroli, S. coromandelianus, S. creber, S. fertilis, S. 
jacquemontii, S. laxus, S. mitchelli, S. natalensis, S. pyramidalis, S. scabridus and S. 
virginicus) were removed from the field, labelled and transported to ESP. From this 
material, 134 plants displayed foliar disease symptoms yielding over 300 fungal isolates.  

Fast growing isolates that were easily identified morphologically as common saprobic fungi 
were not retained, e.g. Penicillium spp. Forty isolates were identified in 15 different genera 
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(Table 1) contain known plant pathogenic fungi. Eight of these genera (Colletotrichum, 
Curvularia, Microdochium, Neopestalotiopsis, Pestalotiopsis, Phoma, Septoria and 
Stagonospora) are known to contain fungal species pathogenic on grasses.  

Three novel species of fungi (Microdochium sp. BRIP 65649, Pestalotiopsis sp. BRIP 
66615 and Neopestalotiopsis sp. BRIP 66617) were found on hosts in the Sporobolus 
indicus complex. The novel identities of these isolates have been confirmed through 
phylogenetic analyses. Preliminary testing has shown that the three fungi play a role in 
GRT seedling mortality. 

Table 1. Species details and BRIP accession numbers of isolates found on Sporobolus in 

eastern Queensland. 

Host species BRIP No. Pathogen 

S. fertilis 66084 a Alternaria arborescens 
S. natalensis 66616, 68299, 69018  1Colletotrichum spp.  
Sporobolus sp.  68238/9, 68820 1Colletotrichum spp.  
S. jacquemontii 66086 a, 66087 a, 66085 a Curvularia ravenelii 
S. natalensis 66088 a Curvularia ravenelii 
S. natalensis 69020 Curvularia sp. 
S. natalensis  66081 a Exserohilum rostratum 
S. natalensis 65635 a 1Fusarium sp. 
S. natalensis 66083 a Fusarium proliferatum 
S. natalensis 68300 Gen. nov. 
S. natalensis 68298 1Microdochium spp.  
S. natalensis 65649, 67439a 1,2Microdochium sp. nov. 
S. natalensis 66617 1,2Neopestalotiopsis sp. nov. 
S. elongatis 68237 1Neopestalotiopsis sp. 
S. natalensis  Nigrospora spp. 
S. natalensis 66619 Paraphaeosphaeria michotii 
S. natalensis 66615 1,2Pestalotiopsis sp. nov. 
S. natalensis 65632 a, 63688 a, b, c 1Phoma sp. 
S. natalensis 66618 1Septoria sp. 
S. natalensis 65638 a  1Stagonospora sp. 
S. natalensis 65466, 66039, 66324, 66325 Ustilago sporoboli-indici 

1Species within this genus are known to be pathogenic grass fungi worldwide. 2Three novel species found in this study to 

be pathogentic to Sporobolus natalensis (Lock 2018). 

The pathogen surveys also uncovered further records of Ustilago sporoboli-indici in 
Australia (GRT leaf smut) on GRT. The systemic smut fungus produced sori in the leaves, 
leaf sheaths and stems rendering the infected plant shoot almost sterile. The leaf smut has 
been found in Queensland regional areas of Bundaberg, Conondale, Childers, Gin Gin, 
Miriam Vale and Taunton, spanning a distance of greater than 350 km. 

DISCUSION 
 
Once the exploration and isolation phase of the endemic Sporobolus study is complete 
(early 2020), isolates (currently 40) will be prioritised and Koch’s postulates performed to 
confirm pathogenic effect and pathogenicity studies initiated. Pathogenicity tests will 
determine the potential of the fungi isolated during these surveys to affect the growth and 
development of weedy Sporobolus in Australia. Some of the fungi isolated from 
Sporobolus belonged to genera with species known to cause plant diseases of crops and 
pastures. For example, Microdochium includes species (M. tainanense and M. 
trichocladiopsis) pathogenic to sugarcane (Saccharum officinarum) and wheat (Triticum 
aestivum). If the fungi discovered during this study have potential as GRT inundative 
biological control agents, thorough host-range testing is essential to ensure that pasture 
species (native and introduced) and commercially important crops are not compromised. 
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Though not endemic the ability of Ustilago sporoboli-indici to infect a large number of 
shoots and render the plants almost sterile indicates that it has the greatest potential as a 
classical biocontrol agent in Australia. Pathogenicity testing will commence shortly. 
Investigations into the usefulness of Ustilago sporoboli-indici in an integrated control 
program will be dependent upon the availability of research funds. 
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ABSTRACT 
 
Sicklepod (Senna obtusifolia) is a serious weed of many parts of Queensland, from Cape 
York to Mackay, and in many situations, including pastures, crops, road and power line 
corridors, clearings and creek banks.  Sicklepod can occur as a monoculture and is 
predominately an invader of grazing pastures and unmanaged lands in north Queensland.  
Many areas of the remote far north Queensland affected by sicklepod are inaccessible for 
critical periods of the plants reproductive cycle every year.  Treatment options allowing the 
pre-emergent control of new recruits to break this cycle would be greatly beneficial.  This 
paper outlines the preliminary results of a pot trial conducted to identify effective pre-
emergent herbicides for sicklepod control. 
 
Keywords: Sicklepod, Senna obtusifolia, pre-emergent herbicide, post-emergent 
herbicide. 
 
 
INTRODUCTION 
 
Many area of Cape York Peninsula are inaccessible for many months due to heavy ‘wet-
season’ rainfall.  This can cause serious problems for weed control, particularly for 
species with short lifecycles such as Sicklepod (Senna obtusifolia) which was estimated to 
infest approximately 600,000 hectares in north and far-north Queensland (Mackey et al. 
1997).  This experiment investigates the use of pre-emergent herbicides to help control 
sicklepod in these difficult to access situations.  If this approach succeeds, there are many 
other weeds and situations that may also benefit from use of pre-emergent herbicides. 
 
The Biosecurity Act (2014) lists sicklepod as Category 3 restricted biosecurity matter.  
There are clear linkages to the current Pest Management Plans of the following councils, 
who all rate sicklepod among their top fifteen priority weeds: Cook, Douglas, Mareeba, 
Tablelands, Cairns, Hinchinbrook, Charters Towers, Burdekin, Whitsundays and Mackay.  
The Napranum and Lockhart River Aboriginal Shire Councils also note sicklepod as a 
priority weed, however their current ranked weed priority lists are unavailable.  Several 
other Local Government and Aboriginal Shire Councils are also affected by sicklepod, but 
do not have available Pest Management Plans detailing particular weed species.  The 
Cape York NRM and Burdekin Dry Tropics NRM both have active projects involving 
management of sicklepod infestations. Osunkoya et al., (2018) place sicklepod at number 
twenty in the most highly ranked pest plant species in Queensland while in 1997 it was 
regarded as the most serious exotic weed of Cape York Peninsula grasslands (Neldner et 
al. (1997). 
 
Sicklepod has a relatively short lifecycle, and is able to produce seed within 6-10 months 
of seedling emergence (Dunlop, 2007).  It produces up to eight thousand seeds per plant 
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annually (Retzinger, 1984) with seed remaining viable in the soil for at least three years 
(Setter et al. unpublished data), and possibly up to ten years or more, e.g. Anon (1989).  
 
Many infestations of sicklepod are inaccessible for months due to floods and associated 
road closures during the northern wet season.  This confines control activities to a short 
window, and can allow seeding to occur.  The control of adult sicklepod plants using 
current registered post-emergent herbicides has proven effective during the early-mid dry 
season i.e. winter, period of the year.  However, this control usually occurs when plants 
have largely finished most of their seeding resulting in the perpetuation of the weed 
invasion cycle.  With sicklepod having a large and persistent seed bank, the ability to 
minimise recruitment will likely make a difference to land managers trying to break the 
infestation cycle.  Thus, pre-emergent herbicides that can be applied pre-wet season 
could provide an effective tool allowing control of the seed/seedling bank during the “wet” 
season. 
 
A pot trial was conducted at South Johnstone to identify effective herbicides and 
application rates, which will then be used to refine control recommendations and 
techniques.  Some herbicides tested have a known pre-emergent effect, while others are 
already widely used for weed control, with potential pre-emergent effect on sicklepod. 
   
 
METHODS AND MATERIALS 
 

Seed collection and preparation 

 
Fresh sicklepod seeds were collected in July 2018, from multiple individuals at a single 
location near Cooktown in far north Queensland. The seeds were stored in the lab, pooled, 
processed and randomly sampled into lots of 30.  Preliminary testing showed 
approximately 98% viability from field-collected seeds.  Lots of 30 seeds were placed one 
cm below the surface of a 22 cm pot containing a commercial 1:2 mix of white river sand to 
black sand.  After treatment, emerged live seedlings were counted weekly and left in the pot 
until the conclusion of the trial. 
 

Shade house conditions  

 
The pot trial site is located at the Centre for Wet Tropics Agriculture (CWTA) South 
Johnstone. 
Pots were watered to field capacity for initial treatment then seeds/pots, after treatment they 
were given a light water (5.5mm) twice daily with overhead sprinklers.  

The experiment consisted of a completely randomised design with 17 treatments each 
consisting of a herbicide and application rate replicated three times. Treatments were 
randomly allocated to individual pots with treated pots placed randomly on shade house 
benches for grow-out. 

 
Herbicide treatments were applied in October 2018 as per rates tabled in Figure 3.  Liquid 
herbicide solutions were applied using a boom spray (custom gantry) delivering a spray 
volume of 300 L ha-1 at 3 bar pressure as per Vogler et al., (2014), nozzles were Teejet® XR 
tapered fan nozzles (Nozzle code XR11002-VP).  There was no requirement for the use of 
a wetter or dye for the spray applications. Graslan®, which is a granular herbicide, was 
mixed with 10 g sand to aid even application on the soil surface. 
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Germination/viability measurements/statistical analysis 

 
Total number of emerged seedlings were recorded on a weekly basis and left in the pots. It 
was expected that the emerged seedlings would either look green and healthy or 
chemically affected. The chemically affected seedlings would have perished by next count 
or remain.  Analysis of variance was calculated using the statistical software Genstat 19th 
Edition. 
 
 

 
Figure 1. Sicklepod seed collection via Cooktown in winter, note relatively clear access to 
soil surface beneath dead adult plants 
 
 

 

Figure 2. Applying the herbicides in the pot trial at South Johnstone Research Centre. 

 

 



85 
 

Treatments 

 
Table 1. Herbicides and application rates used in the trial. 

Grp Trade name Active Low Med High 

B Mako sulfometuron methyl 750g/Kg 0.4 kg/Ha 0.6 kg/Ha 0.8 kg/Ha 

B Arsenal imazapyr 250g/L as isopropylamine salt 1 L/Ha 1.5 L/Ha 2 L/Ha 

C Bobcat hexazinone 250g/L 3 L/Ha 9 L/Ha 15 L/Ha 

C Metribuzin 750 WG metribuzin 750g/Kg 0.5 kg/Ha 1.25 
kg/Ha 

2 kg/Ha 

C Graslan Tebuthiuron 200g/Kg 5 kg/Ha 7.5 kg/Ha 10 kg/Ha 

D Treflan Trifluralin 480 g/L 1 L/Ha 2 L/Ha 3 L/Ha 

G Valor WG flumioxazin 500g/kg 0.4 kg/Ha 0.7 kg/Ha 1 kg/Ha 

I Stuka flexi  picloram 240 g/L as potassium salt 0.93 L/Ha 1.25 L/Ha 1.57 L/Ha 

I Grazon extra triclopyr 300g/L + picloram 100g/L as hexyloxypropylamine 
salt+ aminopyralid 8 g/L 

2.25 L/Ha 3 L/Ha 3.75 L/Ha 

I Conqueror triclopyr 300g/L + picloram 100g/L  as hexyloxyproplamine 
salt 

2.25 L/Ha 3 L/Ha 3.75 L/Ha 

I Tordon 75-D 2,4-D 300g/L  + picloram 75 g/L  as triisopropanolamine salt 3 L/Ha 4 L/Ha 5 L/Ha 

B Brushoff metsulfuron -methyl 600 g/kg 0.03 kg/Ha 0.075 
kg/Ha 

0.12 
kg/Ha 

H Balance isoxaflutole 750 g/Kg 0.1 kg/Ha 0.2 kg/Ha 0.3 kg/Ha 

I+B Stinger aminopyralid 375 g/kg + metsulfuron-methyl 300 g/kg 0.06 kg/Ha 0.15 
kg/Ha 

0.24 
kg/Ha 

G Goal Tender oxyfluorfen 480 g/L 1 L/Ha 2 L/Ha 3 L/Ha 

I Tordan regrowth 
master 

triclopyr 200g/L + picloram 100g/L as triisopropanolamine 
salt+ aminopyralid 25 g/L 

2.25 L/Ha 3 L/Ha 3.75 L/Ha 

 

RESULTS 

 

There were significant treatment effects (P<0.05) at four months after treatment with the 
herbicides containing Picloram including Conqueror®,  Grazon Extra®, Stuka flexi®, Tordon 
75-D® and Tordon Regrowth Master® causing high levels of control.  Figure 3 shows 
examples of some treatments.  The herbicide Pledge® was also effective in controlling 
seedling establishment with the high application rate treatment resulting in no live 
sicklepod seedlings at four months after treatment (Figure 4).  

 
Figure 3: Pots at 4MAT, showing a few example treatments 
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Figure 4: The average number of live sicklepod seedlings in each treatment approximately 
four months after treatment. The Least significant difference between treatments is 4.569 
at P<0.05)  

 

DISCUSSION 
 
On Cape York Peninsula, Sicklepod seedlings generally begin emerging within a few 
weeks (Darryn Higgins, Pers. Comm.) of the first storm rains of the wet season during 
December/January period.  Over several months in the wet season, the seedlings develop 
into mature flowering and seeding adults.  This short timeframe, along with the inability to 
access and apply herbicide to the sicklepod infestations due to the wet season, makes it 
impossible for land managers to control sicklepod prior to seed set.  Once adult plants 
have established, reproduced and set seed they remain as tall free-standing plants often 
occurring as a monoculture.  Ablin (1990) notes that monospecific populations of up to 339 
plants per square metre have been recorded in north Queensland. 
 
During the mid to late dry season the adult plants wither and die releasing the next 
generation of seed into the soil.  The adults although dead remain as sentinels to the 
legacy they have left in the soil below. This free-standing biomass although dry and 
withered remains where the seedbank is concentrated.  When the land manager is able to 
access plants in late autumn/ early winter it is already too late to kill the seeds on the adult 
plant and there is little benefit in spraying adult plants.  
 
Control options 
 
Option one: Ideally, a herbicide treatment would kill the adult plant in summer, before the 
seed sets in autumn, and when applied with a high enough volume, result in a residual 
effect for next seasons recruitment, e.g. Conqueror® and Grazon Extra®. 
 
Option two: If this scenario is unachievable then the herbicide can be applied directly to 
the soil long after the adults have naturally senesced and still have the effect of reducing 
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the next season’s recruitment. Figure 1 shows adult plants in senescent stage, note clear 
access to soil surface at this stage.  
 
Some of the effective trialled herbicides containing Picloram are also registered for the 
post-emergent control of adult sicklepod at similar rates to those tested, e.g. Conqueror®,  
Grazon Extra®,  and Tordon 75-D®.  Of these, Conqueror® and Grazon Extra®.  Grazon 
Extra® is currently the most frequently used herbicide for post-emergent control of 
sicklepod in the Cape York area (Pers. Com Darryn Higgins).  
 
The results of this trial show several herbicides have a pre-emergent effect on sicklepod 
seedling emergence.  Other factors such as the period the herbicides can remain intact 
prior to incorporation into the soil by rainfall, expense, safety, application method, and 
potential off-target damage will also need to be considered as part of any control 
recommendations.  A follow up field trial to test effects in the real-world situation is 
planned.  A rate refinement trial may occur pending the results of the field trial.  At this 
stage this would most likely be using those herbicides currently registered for sicklepod 
control such as Conqueror®, Grazon Extra®, and Tordon 75-D®. 
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SUMMARY 
 
Eradication of pest plants can often seem beyond reach due to the significant financial, 
labour and resource investment required.  Bitou bush is a highly invasive species that has 
colonised coastal habitats, and impacted ecological values across New South Wales, 
Queensland and Western Australia. On the World Heritage Listed K’gari-Fraser Island in 
Queensland, marked success towards an eradication goal for Bitou bush has been 
achieved through more than thirty years of persistence, dedication and collaborative 
management.  The work program has reduced the original infestation from approximately 
450 hectares to 0.4 hectares (<0.1% of the original infestation) at less than 10 active sites, 
and shown that Bitou bush has a six-year seed viability.  Eradication is now considered 
achievable within 10 years.  
 
Keywords: invasion ecology, native plant protection, seed bank, weed management, sand 
mining, coastal dune ecosystems. 
 
 
INTRODUCTION  
 
Bitou bush (Chrysanthemoides monilifera subsp. rotundata (DC.) Norl.) is a Weed of 
National Significance (WoNS) that has caused substantial loss of ecological values in 
coastal plant communities in New South Wales (NSW), Queensland and more recently, 
Western Australia. Fraser Island (K’gari), a National Park and World Heritage Area, is 
located at the northern limit of Bitou bush’s range in South-east Queensland.  Originally 
deliberately planted in NSW and Queensland as a dune regeneration tool, Bitou bush 
appeared accidently on K’gari during mining operations in the 1970s and quickly 
established in the disturbed eastern coastal zone between Hook Point and Dilli Village 
south of Eurong Township.  
 
 
MANAGEMENT ACTIONS AND RESULTS 
 
The threat to the island’s outstanding environmental values was initially recognised by the 
Rural Lands Protection Board and the Queensland Forest Service in the early 1980s, 
when a multi-organisational surveillance and control program was instigated.  Whilst 
control efforts over the next two decades were variable, the outbreak was shown to be 
largely confined to south-eastern coastal vegetation of the island where the infestations 
were light to medium.  
 
Significant changes in survey methodology were introduced from 2002. The use of hand 
held GPS devices enabled the accurate recording of sites with Bitou bush.  Biosecurity 
Queensland began conducting helicopter surveys and from 2005, the Queensland Parks 
and Wildlife Service (QPWS) conducted ground surveys during autumn and spring to 
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coincide with flowering, with assistance from BQ, local government, contractors and 
conservation groups.  Where necessary ground surveys were conducted more frequently 
to prevent seed set. Plants located during surveillance were subsequently removed 
manually or treated with herbicide.  
 
The number of individual Bitou bush plants fluctuated between 1991 and 2006, followed by 
a sharp decline to the current low levels (Figure 1).  Pre-2006 data underestimated the 
true size of the population due to inconsistent recording. The effectiveness of the program 
was improved markedly by defining the location of active sites using GPS waypoints and a 
GIS database to record results.  Active waypoints are considered points from a removed 
seeding plant or close group of plants that produced at least 1 seedling in a calendar year. 
The number of active waypoints has remained below ten per year since 2010.  
 
 

 
Figure 1. Plants removed each year between 1984 and 2018 (solid line) and active 
waypoints between 2007 and 2018 (dashes line). 
 
 
Seed viability was assessed by detailed observational monitoring of 44 separate sites 
within the overall infestation between 2006 and 2016. At sites where seed set occurred, or 
was or assumed to have occurred, 75% failed to produce seedlings after initial plant 
removal.  Seedling emergence continued for an average of 3.14 years after removal of a 
seeding plant.  Eleven years of monitoring at one site where all seeding plants were 
removed in 2006, showed a peak in seedling emergence (142 plants) at the end of the first 
year with a smaller, second peak (39 plants) in the fourth year.  The last germination event 
was recorded in year six (Figure 2).  This shows that Bitou bush seed remained viable for 
up to six years, even after a fire event.  
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Figure 2. Number of seedlings emerged after initial spraying at waypoint B256 from 2007-
2018 
 
 
KEY POINTS, CONCLUSION AND FUTURE DIRECTION 
 
The current literature suggests that Bitou Bush seed remains viable for <1 year under 
laboratory conditions –10 years under field conditions.  The rate of Bitou Bush recruitment 
in the sandy substrate of K’gari was low: most Bitou bush seed germinated within three 
years, and no germination was recorded after seven years.  The success of any weed 
eradication program is directly linked to how quickly the incursion is identified and control 
works commence, as well as, and the ability to sustain efforts until all plants are removed, 
and the soil seed bank is exhausted.  The collaborative investment over thirty years by 
multiple stakeholders, including QPWS, Biosecurity Queensland, Fraser Coast Regional 
Council, Traditional Custodians [Butchulla peoples], contractors and volunteers has been 
fundamental to the success of the eradication program to date.  Eradication of Bitou bush 
from K’gari-Fraser Island within the next decade is deemed to be a realistic goal. The 
approach adopted on K’gari can potentially be applied to other coastal and island areas 
across Australia.  
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ABSTRACT 
 
Feral pigs (Sus scofa) cause extensive damage to biodiversity and agriculture in many 
parts of the world.  They also have the potential to carry and spread a variety of exotic 
diseases that could infect livestock, humans and wildlife.   While traditional control 
techniques like trapping and aerial shooting are important, there is a need for new tools to 
enhance control program effectiveness.  One such tool is HOGGONE® microencapsulated 
sodium nitrite (meSNTM) Feral Pig bait.  HOGGONE® meSNTM contains sodium nitrite (SN) 
as the active ingredient.  SN is orally active and, once ingested, is a powerful 
methaemoglobin inducer in pigs, capable of causing unconsciousness and death by 
metabolic anoxaemia within three hours.   Researchers in Australia, New Zealand and the 
United States have collaborated to optimise the bait product, which has taken considerable 
effort due to the highly reactive nature of the active ingredient.  The optimised and 
patented final product is a peanut flavoured semi-solid paste that contains meSNTM.  
Testing in Australia and in the United States, has achieved impressive results with regard 
to efficacy and safety.  In this paper we report results obtained in Australia during a closed 
population study and from a large field trial on free-ranging feral pigs. We also update on 
the regulatory status of the project.     
 
Key words:  Feral pig control, sodium nitrite, HOGGONE®. 
  

 

INTRODUCTION 

Feral pigs are especially problematic in Australia and the United States where they are an 
introduced pest animal that exists in large populations, over large areas.  Due to their 
adaptive behaviour and high reproductive potential, these populations continue to grow, 
and climatic matching suggests there are still many areas left to colonise.  Feral pigs are 
an increasing threat to biodiversity and agricultural productivity because of their destructive 
foraging behaviour, predation of lambs, ability to spread plant pathogens such as 
Phytophthora and Panama disease of bananas, and because of their potential to amplify 
and spread zoonotic diseases to domestic pigs and farmed animals and humans (Anon 
2005).  Feral pigs in Australia already carry diseases including brucellosis and 
leptospirosis, but a greater concern is their potential transmission of Japanese 
Encephalitis virus, Foot and Mouth disease virus, Pseudo rabies and most recently African 
Swine Fever (ASF), should these enter Australia (Choquenot et al. 1996).  ASF is endemic 
in central Africa and has been spreading throughout Russia and eastern European nations 
in recent years.  In September 2018, ASF entered Belgium near to the borders of France 
and Luxemborg where, as elsewhere, native wild boar provide a reservoir host for ASF 
and an immediate threat to farmed pig operations.  Pigs contracting the virus usually die 
within two weeks and there is currently no treatment or vaccine.  While just one example of 
the disease threat posed by feral pigs, ASF is currently providing a global threat to all 
farmed pig enterprises.   
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The use of yellow phosphorus (CSSP) to control feral pigs in Queensland continues today, 
but other states have banned its use on animal welfare grounds.   Warfarin has also been 
used under experimental permit in some areas, but it too has been deemed inhumane and 
its use is banned in Australia (Cowled et al. 2006a).  Therefore, sodium fluoroactate (1080) 
remains the primary toxicant for controlling feral pigs in Australia.   Traditionally, 1080 baits 
are locally prepared using meat and grain.  These methods are cost-effective and continue 
to be favoured as a primary method for pig control. However, some evidence indicates that 
the non-target species may be at risk of accidental poisoning, as they may also be 
attracted to grain and meat, and the high dose of 1080 required for effective feral pig 
control (compared to the low quantities effective for pest canid species) could be lethal to 
these non-target animals.  Aerial and ground shooting, and cage trapping provide some 
control, but these methods alone rarely achieve the levels of population reduction required 
for effective damage mitigation.  Accordingly ACTA, in partnership with the former Invasive 
Animals CRC and with support from Meat and Livestock Australia (MLA), has developed 
PIGOUT® manufactured 1080 bait and the target specific HOGHOPPERTM device.  These 
products have been specifically designed to increase target specificity of 1080 baiting for 
feral pig control (Cowled et al. 2006a and Cowled et al. 2006b).    ACTA has also sought 
registration for a lower cost, longer shelf-life and highly palatable 1080 bait (PIGOUT® 
EconobaitTM, Figure 1).  More recently, we have worked with partners to develop an 
entirely new type of pig control method based on a paste containing meSNTM as the active 
ingredient.  SN kills by inducing methaemoglobinemia, which leads to acute hypoxia, 
central nervous system depression and death.  Pigs are highly susceptible to 
methaemoglobinea as they possess low levels of methaemoglobin reductase, a normally 
protective enzyme present in other species (Cowled et al. 2008).   Methaemoglobinemia 
caused by SN consumption is occurs within 1.5 to 3 hours.  
 
A project including contributions from Connovation Ltd (NZ), United States Department of 
Agriculture (USDA) and Texas Parks and Wildlife Department (TPWD) has progressed the 
testing of HOGGONE® meSNTM Feral Pig Bait.  Knockdowns greater than 93% have been 
achieved with HOGGONE® in pen studies in the United States, even with bait that had 
been stored for 10 months.  A separate USDA study in Texas, using non-toxic biomarker 
baits containing rhodamine dye,  confirmed that 75% of 430 sampled pigs present on a 
28,000-acre military base were labelled after one night of marker bait exposure, using 
baits deployed in proprietary hoppers that prevent non- target (NT) access.  The 
probability of labelling was determined as 0.91 when bait points were placed in a 750m x 
750m grid (Snow et al. 2019).  In this paper we summarise findings from two efficacy 
assessments of HOGGONE® meSNTM in Australia. 
 

               
Figure 1  PIGOUT® 1080 bait, 210gm/bait with 72mg 1080 localised in the bait core 
(LHS), PIGOUT®  EconobaitTM, 70gm/bait with 24mg108 dispersed throughout each bait 
(Centre) and HOGGONE®  bait (1.25kg per tray shown with 10% w/w meSNTM (RHS)).  
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MATERIALS AND METHODS 
 
HOGGONE® meSNTM Feral pig baits were packed into small food trays (2.5kg of semi 
solid paste/tray).  In these trials, a dose rate of 10% w/w meSNTM was incorporated 
throughout the bait matrix.  Microencapsulation is required to prevent detection of the salty 
SN and to extend the shelf stability of prepared baits, as SN is chemically unstable and, 
once moistened, can degrade to form a number of aversive reaction products.  The baits 
used in the trial we manufactured and stored eight months prior to being deployed in the 
field. 
 
Mount Hope NSW waterhole trap trial (January/February 2017) 
 
Feral pigs were captured in three large (2 Ha) water-point enclosure traps on two large 
wheat/sheep properties.  The enclosures contained water (a dam), shade and some 
natural food.  Feral pigs, feral goats and macropods were all captured during the trapping 
phase, and were present during baiting.  This allowed closed population assessment of 
uptake, efficacy on pigs and risks for co-captured NT animals.  Birds and goannas also 
had unrestricted access to baits.   Baiting points, within the enclosures, were monitored 
using Reconyx HC600 heat in movement activated cameras and the entire pen and its 
surrounds were searched for carcasses (target and NT) and for vomit on the morning after 
use of poisoned bait. 
 
Pigs were clustered to a feeding point within each pen using 20kg piles of wheat on the 
ground.   Once habituated to feeding from a particular location, we placed trays of placebo 
HOGGONE® meSNTM bait with some wheat on top for one night, and then only placebo 
HOGGONE® meSN™ bait the next night.  This procedure was undertaken to familiarise 
the animals with the test substrate prior to offering poison bait.  Bait trays (2.5kg bait tray) 
were placed directly on the ground (Figure 2), so all species present had open access to 
bait.  As just 200 grams of HOGGONE® meSNTM bait is lethal for an individual pig, we 
estimated total bait requirement according to pig numbers, but provided an excess bait so 
that pigs could access bait throughout the evening and so that co-captured NT animals 
could access residual bait overnight after pigs had accessed bait.  Typically, we allowed 
600 grams of bait per pig present as this allows for some pigs to eat more than the 
minimum lethal requirements before succumbing.  Poison bait was offered on two 
consecutive nights. 
 
St George Qld field trial (November/December 2016) 
 
This trial was undertaken on two large properties near St. George in southern Queensland 
at a time when surface water was scarce, so that pigs can be readily targeted.  Reconyx 
cameras were deployed to gather a photographic index of feral pig activity within the 
treatment and nil-treatment (control) areas before and after poison baiting.  All cameras 
were positioned to capture images of animal movements on animal pads one month prior 
to the baiting, and were left in the field for approximately one month after.  
 
We first clustered feral pigs to feeding sites on each property by placing 20 kg piles of 
wheat on the ground where fresh signs of feral pig activity occurred (tracks, rubbing or 
sightings).  Nineteen putative pig clustering points were created in the treatment area and 
seven in the control area.  By the completion of grain clustering, there were 11 and three 
active bait stations in the treatment and control areas, respectively.  Once pigs were 
clustered to the active feeding points, we offered placebo bait and some grain on night one 
and only placebo bait only on night two, by which time 100% of placebo bait was being 
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consumed at all active baiting points.  Placebo bait was then replaced with trays of 
HOGGONE® meSNTM poisoned bait for two consecutive nights.  Placebo bait was again 
offered after two nights of poison baiting to determine if any pigs were still present post 
poisoning.  Bait stations were monitored with heat in motion activated cameras to allow 
estimation of number of individuals and baiting impact.  Bait uptake was measured daily.  
Nine collared and satellite tracked pigs were established prior to the trial but at the time of 
baiting only three were located within the baited areas.  Carcass searches were conducted 
up to a radius of 300m by foot on the days after each poison deployment.  Foot searches 
were also supported by helicopter searches for any missed carcasses.    
 
Mixed models examined the interaction of treatment (i.e., toxic or control) and period (pre- 
or post-treatment), including the main effects, on three indices (bait uptake, individuals at 
bait stations and landscape activity) of efficacy for HOGGONE® on the population of pigs 
using package lme4 (Bates et al. 2015) in Program R (v3.3.3, R Foundation for Statistical 
Computing, Vienna, Austria).  For each analysis, we examined the parameter estimates 
(β) and 95% confidence intervals (CIs) of the interaction for a lack of overlap of 0 to 
indicate statistical and biological influences from the deployment of HOGGONE® meSN™ 
on the population of pigs. 
 
RESULTS: 
 
Mount Hope NSW water hole trap (closed population) trial 
 
A total of 107 pigs, ~50 goats and 10 kangaroos were trapped over three waterpoint traps 
enclosures.   By the second night of placebo baiting, feral pigs readily consumed 100% of 
the placebo HOGGONE® meSNTM bait material that was offered. (Figure 2).  
   

     
Figure 2 From left to right.  Example mob of captured pigs at one water point pen trap 
at Mt Hope.  Placement of placebo bait trays on the ground.  Pigs eating poisoned bait on 
day one of poison placement, and example dead pigs found next morning. 
 
On the first night of toxic bait deployment, 17kg of 62.5kg of the poison bait offered was 
consumed by pigs, and 90 of 107 pigs present were killed (189 grams of bait consumed 
per dead pig, Figure 2).  On night two only one of the 17 remaining pigs was killed.  
Overall knockdown was 85% with almost all deaths occurring on the first night.  Male and 
female pigs of all sizes were killed.   Despite ~50 feral goats and 10 kangaroos being co-
trapped and exposed to residual bait, only one feral goat was observed to eat bait and it 
died.  No bird deaths were observed.   Lace monitors (Varanis varius), which could enter 
the baited area and scavenged dead pigs, remained healthy throughout the trial.  
 

St George Qld field trial   

The deployment of toxic HOGGONE® meSN™ reduced the number of pigs that visited the 
toxic bait sites by 64% during the post-treatment period (β = -22.17, 95% CI = -30.01– -
13.78; P < 0.001). Similarly, consumption of bait at the toxic sites was reduced by 66% 
during the post-treatment period (β = -0.64, 95% CI = -1.22– -0.05; P = 0.040).  
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Deployment of HOGGONE® meSN™ also reduced the number of pigs seen per image at 
independent cameras sites by 80% during the post-treatment period (β = -1.67, 95% CI = -
2.43– -0.91; P < 0.001). 
 
A total of 115 dead feral pigs were found, all of which, were found within 230m of the bait 
station (Figure 4).  Two of the three radio tracked pigs that visited bait stations were killed.   
All pig carcasses were found in a laterally recumbent position with little or no evidence of 
limb paddling or other distress.   Three regurgitations were found within the search area.   
Two Australian ravens (Corvus coronoides) were found dead 25 and 30m from a bait 
station but no other NT impact was observed.  Non-target species observed by cameras at 
bait stations or in the landscape  included eastern grey kangaroo (Macropus giganteus), 
red kangaroo (M. rufus), emu (Dromaius novaehollandiae), Australian raven (Corvus 
coronoides), crested pigeon (Ocyphaps lophotes), galah (Eolophus roseicapilla), apostle 
bird (Struthidea cinerea), magpie lark (Grallina cyanoleuca), domestic cattle (Bos taurus), 
feral goat (Capra hircus), and European red fox (Vulpes vulpes). 
 

     
 
DISCUSSION: 
 
 
This data provides supporting evidence for the use of HOGGONE® meSNTM Feral pig bait 
as an additional tool for reduction of feral pig populations under field conditions.   Separate 
toxicological tests confirm safety to users and negligible risk to the food chain.  The total 
degradation of the active once moistened in the environment results in negligible 
environmental residues.  Moreover, the absence of risk of secondary poisoning risks to 
avian (Turkey vultures, Cathartes aura) and terrestrial scavengers (Coyotes, Canis latrans) 
from the direct consumption of freshly killed pigs in no-choice pen studies indicate a lower 
risk compared to existing poison options (Snow et al. 2017).  The fast knockdown, allows 
increased potential for carcass recovery, if required.   Finally, the humane mode of action, 
via metabolic anoxia, provides a humane option for management of this large invasive 
pest species. 
 
A full regulatory submission was lodged by ACTA with APVMA in July 2017 and was due, 
under statuary guidelines, for resolution by January 2019.   The submission has passed 
Federal assessment by human safety assessors with inclusion of sodium nitrite as a new 
chemical pesticide agent and S6 scheduling.  The submission has also passed 
independent efficacy evaluation and environmental assessment.  However, a late 
consideration by Chemical Standards Groups within some Australian states has 
necessitated some label amendments to further minimise risk of impact to non-targets.    
 
 
  

Figure 3  Example pig 
visitation and bait uptake at 
St George. 
 

Figure 4  Example pig carcass 
locations (red dots) in relation to 
baiting point (green square). 
visitation  
 
and bait uptake at St George. 
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ABSTRACT  
 
Lethal control remains an important approach to mitigating the impacts of dingoes and 
other wild dogs and European red foxes.  Ongoing refinement of lethal tools has led to the 
recent development of manufactured poison baits containing para-aminopropiophenone 
(PAPP) and also Canid Pest Ejectors (CPEs) as a toxin delivery device, yet PAPP is not 
presently registered for use in ejectors.  We tested PAPP in ejectors against wild dogs and 
foxes and recorded time-to-death, physical signs of poisoning, and other related factors.  
For wild dogs, the mean time to ‘first down’ was 14 min, the mean time to ‘last down’ was 
39 min, the mean time to unconsciousness was 65 min, and the mean time to death was 
84 min.  Foxes showed similar patterns.  Carcasses of eight deceased wild dogs and one 
fox were found during field trials, and the mean distance between the nearest triggered 
ejector and the deceased animal was 96 m.  The presence of de-oxygenated, dark or 
‘chocolate’ blood in all necropsied carcasses provided a useful indicator of death from 
PAPP.  Operational-scale demonstrations of PAPP in ejectors have not yet occurred.  
However, strategic adoption of this 'better than best-practice' form of wild canid control has 
the potential to improve ethical and welfare standards of wild canid control, to maintain or 
improve the efficacy of current approaches, and to improve or reduce non-target risks.  
 
Keywords: animal welfare, lethal control, poison, predation management, wild dog. 
 
 
INTRODUCTION 
 
Wild dogs (including dingoes; Canis familiaris) and European red foxes (Vulpes vulpes) 
continue to cause substantial economic, environmental and social impacts across 
Australia (McLeod 2016).   Non-lethal and lethal control of these invasive canids is 
widespread across many jurisdictions.  In many or most places, poison-baiting with the 
toxin sodium fluroacetate or ‘1080’ remains the principal tool used for their lethal control.  
Exclusion fencing is re-emerging as a key tool to facilitate and maintain their control ().  
Trapping and opportunistic shooting also occurs. 
 
In the continual effort to refine lethal control tools and approaches, recent advances have 
led to the registration and availability of para-aminopropiophenone or ‘PAPP’ as an 
additional toxin for use against wild canids (Gentle et al. 2017; Meek et al. 2019; Allen In 
press).  PAPP is not as versatile as 1080 because it is presently only available in a 
manufactured bait; PAPP cannot be injected into various meat types like 1080 can.  
Hence, managers wanting to poison wild canids presently have a choice between 1080 
applied to various meat or manufactured bait types, or PAPP applied to only a 
manufactured bait type.  Bait users report different efficacy and uptake from different bait 
types (Allen et al. 1989; Allen and Gonzalez 2001; Kreplins et al. 2018), and increasing the 
variety of bait types able to incorporate PAPP remains an important priority.  Canid Pest 
Ejectors (CPEs, or ejectors) have also been recently registered and are available for use.  
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Ejectors can be used with a wide variety of bait types, and can be loaded with a capsule 
containing a powder, paste or liquid.  At present, only capsules containing 1080 are 
available for use within ejectors.  If PAPP capsules were available for use within ejectors, 
then managers would have an option to use PAPP with a variety of bait types.  Confirming 
the efficacy of PAPP capsules in ejectors is an important step towards development of an 
additional tool as versatile as 1080 baits. 
 
In this report, we summarise the key findings of two trials assessing the efficacy of PAPP 
in ejectors; complete details are available in Allen (In press).   
 
 
KEY FINDINGS 
 
Dosage and presentation 
 
The tested capsules contained 1,000 mg of powdered PAPP for wild dogs (wild dog 
dosage) and 400 mg of powdered PAPP for foxes (fox dosage), similar to the dose rates in 
manufactured PAPP baits (Gentle et al. 2017; Allen In press).  We used dried kangaroo 
and venison meat as the lure, or bait head on ejectors.  Trial 1 involved capturing wild 
dogs, providing them a measured dose of PAPP, and then observing their symptoms as 
the effects of PAPP progressed.  Trial 2 involved setting ejectors around water points in 
arid South Australia and using camera traps, collecting carcasses of deceased animals, 
and performing necropsies to confirm the cause of death. 
 
What does a PAPP death look like? 
 
Most species poisoned by PAPP appear to quickly ‘fall asleep and die’ without sign of 
distress or pain (Eason et al. 2014).  However, dingoes or wild dogs exhibited heightened 
anxiety, expressed as laboured vocalisations or howling which occurred a few times in 
each animal prior to death (Allen In press).  Why wild dogs exhibit these signs, and not 
other species, is unknown.  PAPP produces anoxia, and poisoned animals quickly appear 
lethargic or ‘wobbly’.  Wild dogs and foxes observed first sat or laid down (‘first down’), and 
then got back up again but were too weak, and so laid down again. At some point, animals 
laid down but never got back up (‘last down’). As symptoms progressed, animals 
eventually became unconscious, and then later died.  
 
Changes in the colouration of gums were not a good field indicator of PAPP poisoning, but 
the presence of de-oxygenated, dark or ‘chocolate’ blood was very obvious in all 
necropsied carcasses. Our results (Allen In press) concurred with previous work (Marks et 
al. 2004; Eason et al. 2014; Meek et al. 2019) indicating that PAPP produces a very 
humane death for wild dogs and foxes, rated second only to a head-shot in terms of its 
humaneness (CISS 2017). 
 
How quick does PAPP work? 
 
After ejectors have been triggered, the PAPP powder is rapidly absorbed through the 
mucus membranes in the mouth, and also through the stomach if ingested.  Results from 
Trial 1 indicated that for wild dogs, the mean time to ‘first down’ was 14 min, the mean time 
to ‘last down’ was 39 min, the mean time to unconsciousness was 65 min, and the mean 
time to death was 84 min. Foxes progressed towards death with similar timing (Allen In 
press). Given the relatively slow foraging speed at which wild dogs move around, this rapid 
action means that deceased animals will often be found much closer to where ejectors are 
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used. We found eight carcasses around the water points where ejectors were triggered 30 
times, with a mean distance of 96 m from the deceased animal to the nearest triggered 
ejector. 
 
DISCUSSION AND RECOMMENDATIONS 
 
Manufactured PAPP baits and ejectors have only recently been registered and become 
available for widespread use, so they have not been widely adopted yet and there remains 
great potential for increased use of these novel tools.  One of the key benefits of 1080 is 
that it is very safe for potential non-target species in Australia (APVMA 2008).  It can also 
be used with a variety of bait types, maximising efficacy in dynamic contexts that require 
variety to maximise bait uptake over time.  These two features of 1080 mean that it will 
remain an important tool to control wild dogs and foxes into the future.  PAPP may be 
considered more humane than 1080 (CISS 2017), but PAPP has non-target issues that 
mean it is not as safe as 1080 in some contexts (APVMA 2015).  The principal non-target 
susceptible to PAPP baits are varanids (Eason et al. 2014), which are known to frequently 
consume baits (Woodford et al. 2012; Kreplins et al. 2018).  At present, PAPP is also 
available only in manufactured baits and cannot be injected into various meat types.  So 
what can we do to get PAPP into meat baits? 
 
Using PAPP capsules within ejectors provides managers with an option to use the most 
humane toxin available, with extremely low or negligible non-target risks, and with a variety 
of bait types.  These results ‘pave the way’ for refining wild dog canid management one 
step further, should PAPP capsules become available for use.  Using PAPP within ejectors 
may be viewed as ‘better than best practice’ in terms of welfare and non-target risk.  
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ABSTRACT 
 
To determine whether more rangeland weeds could be susceptible to low-volume high-
concentration herbicide applications (e.g., splatter guns), trials were initiated on gamba 
grass (Andropogon gayanus), rubber vine (Cryptostegia grandiflora), prickly acacia 
(Vachellia nilotica), and Chinee apple (Ziziphus mauritiana).  For gamba grass, a rate 
response trial (0, 9, 18, 27, 36, 45 and 54 g a.i./L of mixture) of glyphosate has shown that 
100% mortality can be achieved at rates ≥ 36 g a.i./L of mixture.  A rubber vine trial is 
comparing the effect of timing of applications (between December and May) of two 
herbicides.  Six months after treatment (MAT), Grazon™ Extra 
(triclopyr/picloram/aminopyralid) recorded the highest (i.e. December application) but most 
variable efficacy (0-80%) compared to 40-70% for Brush-off® (metsulfuron-methyl).  The 
optimum way to spray plants using Hotshot™ (aminopyralid/fluroxypyr) is being 
investigated in a prickly acacia trial. Preliminary results, six MAT suggest that more severe 
damage occurs if the amount applied is calculated on the basis of the whole surface area 
of plants (i.e. both sides), but spraying from one side appears to be sufficient.  For Chinee 
apple, a screening trial of five herbicides and two rates is showing that Brush-off® 
(metsulfuron-methyl) and Stinger™ (aminopyralid/metsulfuron-methyl) are the best 
performing herbicides, but only on smaller plants (< 2 m high) and at the highest applied 
rates 12 MAT.  While promising, the variability in results indicates that many factors may 
affect efficacy, including the health, size and density of plants, herbicide choice and 
mixture/application rate, presence/absence of biological control agents and climatic 
conditions.  
 
Keywords: Chinee apple, gamba grass, prickly acacia, rubber vine, woody weeds. 
 
 
INTRODUCTION 
 
Low-volume high-concentration foliar spraying using equipment such as splatter guns, has 
proven a practical alternative to traditional high volume foliar techniques for control of 
some remote and/or difficult to access invasive weeds, such as lantana (Lantana camara), 
bellyache bush (Jatropha gossypiifolia) and Siam weed (Chromolaena odorata) 
(Somerville et al. 2011, Brooks et al. 2014).  Other demonstrated benefits include reduced 
treatment times and labour costs, as well as minimal off-target damage (Somerville et al. 
2011).  In this paper, we provide a summary on the progress of a Commonwealth 
Government funded research project investigating whether more rangeland weeds can be 
controlled using this technique.  The weeds being studied are three Weeds of National 
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Significance [gamba grass (Andropogon gayanus), prickly acacia (Vachellia nilotica), 
rubber vine (Cryptostegia grandiflora)] and Chinee apple (Ziziphus mauritiana). 
 
 
MATERIALS AND METHODS 
 
Targeted weeds 
 
Gamba grass 
At a site near Mt Garnett in north Queensland, a rate response trial using seven different 
concentrations of glyphosate (0, 9, 18, 27, 36, 45 and 54 g a.i./L of mixture) was 
implemented in April 2018.  The site was slashed in December 2017 to overcome 
variability in height of plants due to grazing. At the time of application, the gamba grass 
regrowth averaged 1.9 ± 0.3 m tall. 
 
Rubber vine 
Given the variability in efficacy obtained from earlier splatter gun trials on rubber vine (see 
Campbell et al. 2016), further research was initiated in an attempt to define the optimal 
conditions (i.e. considering factors such as plant size, level of leaf rust and climatic 
conditions) for effective rubber vine control using splatter gun technology.  On a cattle 
property about 30 km north-east of Charters Towers in northern Queensland, a factorial 
experiment commenced in December 2017.  It incorporates six spraying times (c.a. four 
weeks apart between December and May) and three herbicide treatments; untreated 
control, Brush-off® (metsulfuron-methyl) at 3.6 g a.i./L of mixture and Grazon™ Extra 
(triclopyr/picloram/aminopyralid) at 15/5/0.4 g a.i./L of mixture.  Rubber vine plants were on 
average 2.2 ± 0.5 m high and 3.1 ± 1.1 m wide. 
 
Prickly acacia 
In earlier screening trials, Hotshot™ (aminopyralid/fluroxypyr) was identified as the most 
effective herbicide option.  An additional trial was established in April 2018 at a site near 
Aramac in north-west Queensland to determine whether plant size influences the amount 
of mixture to be applied, as well as the way plants should be sprayed.  Small (average of 
1.4 ± 0.4 m tall) and large (average of 2.7 ± 0.4 m tall) prickly acacia plants have been 
sprayed with Hotshot™ (aminopyralid/fluroxypyr).  A mixture rate of 0.7/9.8 g a.i./L was 
applied at two rates (i.e. based on 10 mL/m2 of the surface area of single or double sides 
of plants) to either a single or both sides of plants.  
 
  
Chinee apple 
A trial was initiated near Charters Towers in March 2018 to screen five herbicides at two 
rates, against an untreated control.  Smaller (average of 1.4 ± 0.3 m tall) and larger 
(average of 2.4 ± 0.3 m tall) Chinee apple plants have been sprayed with Hotshot™ 
(aminopyralid/fluroxypyr) at 0.7/10 and 1.4/20 g a.i./L of mixture, Stinger™ 
(aminopyralid/metsulfuron-methyl) at 1.5/1.2 and 4.5/3.6 g a.i./L of mixture, Starane™ 
Advanced (fluroxypyr) at 10 and 20 g a.i./L of mixture,  Brush-off® (metsulfuron-methyl) at 
1.2 and 3.6 g a.i./L of mixture, and Grazon™ extra (triclopyr/picloram/aminopyralid) at 
10.5/3.5/0.3 and 15/5/0.4 g a.i./L of mixture.  
 
Spraying 
 
Treatments were implemented using either a gas or manually operated splatter gun (N.J. 
Phillips®).  Each herbicide mixture received 2 mL/L of the non-ionic 
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wetter/spreader/penetrant Pulse® (Nufarm) (1020 g/L polyether modified polysiloxane) and 
in some instances 1 mL/L of red Spraymate™ Spray Marker Dye (150 g/L Rhodamine B).  
Unless outlined otherwise in the above sections, 10 mL of mixture was applied per metre 
squared of surface area of the plant (Chinee apple, prickly acacia, rubber vine) or 4 mL of 
mixture/0.5 m height (gamba grass).  
 
 
PRELIMINARY RESULTS 
 
Gamba grass 
 
Gamba grass mortality increased linearly with increasing rates of glyphosate, until 100% 
mortality was recorded at a rate of 36 g a.i./L of mixture.  
 
Rubber vine 
 
Six MAT herbicide efficacy varied depending on the herbicide and the spraying times.  
Grazon™ Extra (triclopyr/picloram/aminopyralid) recorded the highest overall mortality 
(80%) from the December 2017 application, but it also had the greatest variability overall, 
ranging from 0─80% mortality across the six spraying times.  In contrast, the highest 
mortality (70%) for Brush-off® (metsulfuron-methyl) was after spraying in January 2018 
and mortality ranged between 40─70%.  
 
Prickly acacia 
 
Despite high brown out six-weeks after treatment (84─100%) plant size had no discernible 
effect on regrowth of herbicide treated plants and no herbicide treated plants had died six 
MAT.  However, branch death was generally more severe when the amount of herbicide 
mixture applied was calculated based on the whole surface area of plants (i.e. both sides) 
and applied to one side of plants. 
 
Chinee apple 
 
Twelve months after treatment, Brush-off® (metsulfuron-methyl) and Stinger™ 
(aminopyralid/metsulfuron-methyl) are the best performing herbicides, but only at the 
higher rates of 3.6 and 4.5/3.6 g a.i./L of mixture, respectively.  However, control of larger 
plants (> 2 m in height) using both herbicides was poor with only 26% showing no signs of 
live growth.  Efficacy was much higher for smaller plants less than 2 m in height, averaging 
72% and 92% mortality for Brush-off® (metsulfuron-methyl) and Stinger™ 
(aminopyralid/metsulfuron-methyl), respectively. 
 
 
DISCUSSION 
 
The preliminary results from the current trials on gamba grass, rubber vine, prickly acacia 
and Chinee apple highlight the potential of splatter gun technology for rangeland weeds, 
but also demonstrate the variable responses that can occur.  Gamba grass was highly 
susceptible, but whether similar results can be achieved on mature plants that contain a 
combination of new and old growth is the focus of further research.  The differential 
responses obtained in the rubber vine trial where mortality varied between 0 to 80% 
depending on the timing of application and the herbicide used (i.e. 
triclopyr/picloram/aminopyralid or metsulfuron-methyl) is consistent with earlier trials 
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(Campbell et al. 2016), and suggests that a number of factors may be influencing efficacy 
using this technique.  Similarly, the ongoing Chinee apple trial is producing mixed results 
across the size classes. This indicates that either larger plants are more tolerant or, that 
insufficient herbicide was applied to them to cause mortality. The treatment effects should 
become clearer in the second year of assessment.  Preliminary findings from the prickly 
acacia work suggests that the way plants are sprayed and how the amount of mixture to 
apply is calculated can influence plant damage, although further monitoring is also needed 
to see if this translates into higher mortality, and whether or not a size class effect 
becomes evident. 
 
Based on the findings to date, some of the key factors that appear to have contributed to 
variability in efficacy, particularly for the woody weeds, include the health, size and density 
of plants, herbicide choice and mixture/application rate, presence/absence of biological 
control agents (i.e. presence of the leaf rust Maravalia cryptostegiae on rubber vine) and 
climatic conditions.  This is similar to previous reports for variability in herbicide 
applications on rangeland weeds (Vitelli and Pitt 2006).  On-going monitoring of the current 
trials and implementation of new research will help refine this technique.  
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ABSTRACT 

 

The Sunshine Coast Regional Councils: Coastal Fox Control Program (CFCP) is entering 
its fifth year of operation. The program was initiated in response to community concern for 
the need of the preservation of endangered and vulnerable species under threat on the 
Sunshine Coast.  The Coastal Fox Control Program works thanks to the collaboration of 
Queensland Parks and Wildlife, Coolum and North Shore Coast Care, Noosa Shire 
Council, Private landholders and Sunshine Coast Regional Council.  

The program aims to minimise the predation impact on the Green (Chelonia mydas) and 
Loggerhead turtles (Caretta caretta), Water mouse (Xeromys myoides), Black-breasted 
button quail (Turnix melanogaster), Eastern ground parrot (Pezoporus wallicus) as well as 
other critical weight range mammals under threat of the European red fox (Vulpes vulpes).  

Historically the program has employed sand pad monitoring, trapping and baiting results 
as a way of monitoring the efforts of the program.  In 2018 the program made a leap 
forward in both technology and innovation with the deployment of 40 motion detection 
cameras.  

The CFCP has also moved away from ‘old school’ baiting techniques which used 
manufactured or fresh meat baits.  The program has utilised egg baits for 2 years and 
canid pest ejectors (CPEs) for the remaining 3 years now, leading to more targeted control 
and lower risk to non-target species.  

The program takes pride in using ‘old’ reliable techniques and building on these while 
exploring and incorporating new techniques and technologies to improve the program for 
environment, community and conservation outcomes.  

Keywords: Coastal, red fox, monitoring, trapping, baiting, community engagement. 

 

INTRODUCTION 

 

The European red fox (Vulpes vulpes) is the most widespread member of its genus 
worldwide and is known for the threat it poses to Australian wildlife (Saunders & McLeod 
2007).  It is also suggested that the impacts, red foxes have on native wildlife is 
exacerbated by habitat fragmentation and urbanisation (Saunders & McLeod 2007).  

The Sunshine Coast region is unique in many ways including but not limited to the 
beaches, hinterland and everything in between.  The Sunshine Coast boasts comfortable 
living, recreational areas and great communities.  What sometimes is overlooked is the 
unique species that reside here including: the endangered Mary River Turtle (Elusor 
macrurus), the vulnerable Black-breasted button quail (Turnix melanogaster), the Eastern 
ground parrot (Pezoporus wallicus) and Water mouse (Xeromys myoides), the endangered 
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Green (Chelonia mydas) and Loggerhead turtles (Caretta caretta) that nest on the 
beaches of Sunshine Coast region.  The Sunshine Coast Regional Council (SCRC) has 
implemented its conservation programs with the aim to support and protect these 
vulnerable species.  

The Sunshine Coast Regional Councils’, Coastal Fox Control Program (CFCP) is going on 
its fifth year of operation.  The CFCP continues thanks to the collaboration of Queensland 
Parks and Wildlife, Coolum and North Shore Coast Care, Noosa Shire Council, Private 
landholders and Sunshine Coast Regional Council. The Sunshine Coast Regional Council 
CFCP covers all tenures from the Maroochy River to the border with Noosa Shire Council.  

 

PROGRAM DISCUSSION 

The Sunshine Coast Regional Councils CFCP is a comprehensive program that 
incorporates: baiting, trapping, monitoring, and use of indicator dogs, den fumigation and 
education.  

Over the last four years the CFCP has successfully removed more than 133 individual 
foxes from the treatment area by means of trapping, baiting and fox den fumigation.  Over 
this period 51 foxes have been humanely euthanased following trapping; 21 egg baits 
have been taken; 27 canid pest ejectors (CPEs) have been activated; and 83 fox dens 
have been fumigated. 

 

Community engagement 

This CFCP includes extensive community engagement each season that it operates.  
Before each season begins; media releases are prepared for; radio and newspapers, 
website updates and mail out notifications are just the beginning of the length SCRC goes 
to, in attempt to engage with the community.  In 2018, a community education stall was 
held as part of the CFCP, with officers being available on weekends for face to face 
engagement with the public.  Extensive signage is installed within the program area 
including; beach access education signs, 1080 property baiting warning signs, trap site 
area notification and warning signs.   

 

Monitoring 

Historically the program has employed sand pad monitoring, trapping and baiting results 
as a way of monitoring the efforts of the program.  In 2018 the program made a leap 
forward in both technology and innovation with the deployment of 40 motion detection 
cameras. 20 cameras were installed in the treatment area (Mudjimba-Peregian Springs) 
and 20 in non-treatment area (Point Cartwright to Currumundi).  Within both of these areas 
the cameras were then split between the frontal dunes and inland (Figure 1: Red and 
Green crosses).  The yellow x’s show location of continuing sand pad monitoring (Figure 
1).  
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Figure 1: Map outlining spacing and placement of monitoring cameras and sand pads 

 

The following data has been compiled from the monitoring cameras utilising the Allen 
Index (Passive Activity Index) (Figure 2).  Although the data is not comprehensive at this 
stage having stemmed from only 2 seasons (8 months) of camera trapping, the preliminary 
data shows that the program may have an impact on predation rates and positive 
outcomes for native wildlife. 
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Figure 2: Camera Monitoring Data Coastal Fox Program 2018 

 

From the data (figure 2) there is an increased PAI of feral animals (wild dogs (Canis 
familaris), foxes and feral cats (Felis catus)) in the non-treatment area when compared to 
the treatment area with the converse for mammal species (Large macropods, small 
macropods and small mammals).  This suggests that wildlife may be suppressed by 
predation in the non-treatment area and are somewhat relieved of pressure in the CFCP 
treatment area.  

Although the camera monitoring data is only in its fledgling stages, if future data continues 
to demonstrate the initial results shown, it shows promise as a useful measure of the 
outcomes of the program.  

The 2018 program brought together survey and monitoring data from sand pads, motion 
cameras, water mouse mounds, ground parrot and frog surveys as well as sea turtle nest 
disturbances.  Expanding the monitoring related to the program to include not just the 
target predator but the key wildlife it seeks to protect is helping to paint a more complete 
picture of the outcomes on ground.  

 

Baiting 

The transition to CPEs and egg baits from more traditional baiting techniques has led to 
more targeted control and lower risk to non-target species. A key part of this transition has 
been fine-tuning the new techniques and tools to suit the local coastal environment. Since 
experimenting with lure heads of the CPEs there has been an increased interest by foxes 
including activations. The switch to mullet or fish was an experiment that was trialled in 
2018 and results are promising. We will continue with this across all our programs as it is 
clear that the diet of feral animals differs across differing landscapes (e.g. coastal and 
hinterland).  
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Trapping 

Trapping can be resource intensive and as such has an inherent risk associated with it.  
To relieve this risk, the use of telemetry cameras have been employed resulting in 
increased efficiencies.  Telemetry cameras have proven to be particularly useful, removing 
the need for physical checks of individual traps daily.  Telemetry cameras also increase 
the reaction time when captures arise especially in high risk areas such as frontal dunes. 

Pre-feeding or free-feeding can be beneficial to baiting and trapping programs.  The CFCP 
has used pre-feeding as a determinant of trap site suitability particularly in coastal dune 
fronts.  In 2018 the change in lure and pre-feed to target coastal foxes also appeared to 
have an impact on visitation of trap sites. Movement away from traditional fox lure 
including chicken frames, to the use of mullet, fish skins as an attractant enhanced the 
visitation of foxes. 

 

Fox Den Searches 

Swift NRM and indicator dogs are contracted annually to survey for fox dens in the 
program area.  All dens are recorded and active dens are fumigated.  There are plans to 
expand this area of control to the north and to increase trapping at active dens in 2019.  
Future programs will look to investigate whether there is any correlation between fox den 
location and environmental factors and experiment with thermal equipment to ascertain if a 
heat signature can be detected from active dens 

 

CONCLUSION 

 

The CFCP has been successful because it has evolved as our control tools and 
understanding of fox behaviour has grown. By delivering more effective control on-ground 
and actively monitoring the response of key fauna the program has gone from strength to 
strength. Because of this success there is now greater buy-in and support from partners 
and community.  

Having clear results in front of us will allow the program to continue to explore and 
incorporate new techniques and technologies to strive onwards and upwards to improve 
the program into the future   

We hope to have some exciting and innovative ideas and experiments in the pipeline 
including: the trial of thermal equipment for den searches; trialling wheelie bin and pipe 
traps for use in the frontal dunes; expanding the use of CPEs across all tenures; 
continuation of camera trapping; using DNA and scat analysis; and expansion of current 
mapping data.  

Perhaps the biggest lesson for the program has been that as feral animals evolve and 
adapt so must the programs that aim to control them.  
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ABSTRACT 
 
The “Gold Coast” evokes images of theme parks and high-rise buildings.  This is only part 
of the picture; the City of Gold Coast (COGC) is also one of the most biodiverse Local 
Government areas in Australia with large areas of habitat including internationally 
acclaimed rainforests and wetlands.  It is also the second largest council in Australia by 
rate base.  This large rate base, together with a political will to manage and improve the 
“Green behind the Gold”, has resulted in arguably some of the best pest plant and animal 
management programs in Australia.   
 
A 17 km sub-catchment called Austinville will be examined as a case study.  The paper 
will describe how the close co-operation between the community, COGC and the local 
NRM Group, Healthy Land and Water (HLW), is achieving landscape-scale improvements 
to the environment in this valley.  
 
The author has multiple hats as a Nature Refuge owner, a Landcare Co-ordinator and 
President of the Gold Coast Catchment Association.   
 
Keywords:   landscape health, natural infrastructure. 

 
 

INTRODUCTION 
 
The costs of pest plants and animals to agriculture are well documented.  The economic 
value of healthy, biodiverse landscapes and their associated ecological services is now 
also being recognized. We are somewhere along the trend line from a 100 years ago, 
where settlers were paid to clear land, to a future where, hopefully, a healthy landscape is 
seen as important infrastructure necessary for healthy communities; Natural Infrastructure 
that requires ongoing, secure funding and management, in much the same way as roads 
are seen today. 
 

The Gold Coast has many examples of inappropriate development that are detrimental to 
biodiversity.  This paper will give examples of best practice programs and initiatives that 
restore and manage landscapes. It is hoped that this may provide ideas for changes that 
readers can initiate within their own organisations. 
 
AUSTINVILLE 
 
Austinville is the 17 kilometre long sub-catchment of Upper Mudgeeraba Creek.   The 
creek flows north from the Springbrook Plateau, dropping in elevation from 850 metres to 
100 metres. The catchment includes one of the largest stands of critically endangered 
lowland sub-tropical rainforest in South East Queensland.  
 
Austinville is an important buffer between the urbanisation of the Gold Coast and the 
World Heritage Springbrook and Lamington National Parks. 
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Figure 1.  Austinville catchment location 
 

Austinville was heavily logged from the 1850s to the early twentieth century.  The main 
land uses from then to the 1970’s were bananas and dairy farming, which involved further 
clearing.  In 1930, 500 acres (200Ha) was cleared in the upper reaches of the catchment 
for the Austinville Banana Settlement.  The Settlement failed and was abandoned within 
ten years.  By the late 1980’s Agriculture was gradually abandoned in the rest of the valley 
and much of the vacant land was taken over by environmental weeds such as lantana 
(Lantana camara) and Crofton weed (Ageratina adenophora).  In the 1990’s rural 
residential subdivision started in the northern end of the valley and with it came a host of 
new invasive weeds. 
 
AUSTINVILLE LANDCARE 
 
By the early 2000’s aggressively invasive vines were expanding upstream into the 
catchment. Austinville Landcare was formed in 2005 in response to this threat. 
 
Austinville Landcare has now been working for 14 years and it attracts up to 30 people to 
its monthly field days. The group has become a core part of the social fabric of the valley.  
The group is strongly supported by the COGC with site preparation, provision of plants, 
digging of holes and ongoing weed maintenance.  Essentially the Landcare volunteers 
provide the labour to plant the trees and carry out basic weeding in accessible areas. 
 

During this time a fundamental change occurred.  COGC adopted Assisted Natural 
Regeneration as its core habitat regeneration methodology.  Instead of simply planting 
trees, the process of careful elimination of environmental weeds to allow the colonisation 
of endemic native species was adopted.  This caused major cultural change and it now 
underpins virtually all council and private ecological restoration work on the Gold Coast. 
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It quickly became apparent, that while the Landcare group was successful in engaging the 
community and planting trees, it did not have the capacity to carry out Assisted Natural 
Regeneration work. This work requires people with advanced skills in native plant and 
weed identification and management. In order to make a significant impact on the 
landscape of the valley, the Landcare Group implemented a second strategy of applying 
for grants and employing experienced restoration contractors.    
 
In 2006 the weeds in the valley were mapped and a plan to restore the full 17-kilometer 
riparian corridor was developed.   
 

 
Figure 2.  Native vegetation restoration after the removal of Madeira Vine 
 
The plan prioritised the elimination of invasive vines, especially Madeira Vine (Anredera 
cordifolia) and Morning Glory (Ipomoea indica), in the first three kilometers of the lower 
catchment.  Over a period of 9 years the Landcare group raised over $500,000 from a 
wide variety of State and Federal government grants to carry out this work.   
 
Once completed, COGC initiated an annual contract to maintain and consolidate the 
native vegetation in this three-kilometre section of riparian vegetation.  This is a great 
example of community-council partnership.  The community provided the catalyst and 
funds for the initial work and COGC has followed up with an ongoing maintenance 
program.  
 
PRIVATE LAND 
 
City of Gold Coast  

COGC offers free schemes to help private land owners protect wildlife habitat on private 
property, and restore bushland that has been cleared or disturbed.  In many cases the 
assistance given allows owners to complete the restoration of their properties within their 
lifetimes, which otherwise would not have been possible. 
 
Land for Wildlife 
The valley has 18 Land for Wildlife properties.  Owners are treated as clients with onsite 
visits, and with assistance ranging from planning, free trees if required, to animal and 
plant identification. Free workshops on a wide variety of topics ranging from fire 
management to nest box construction are regularly offered.   Bush restoration courses are 
also regularly offered and fully attended.  These courses again emphasise Assisted 

Before After 
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Natural Regeneration as a methodology thereby embedding this best practice approach 
within the community as well as the private sector and Council.  
 
Voluntary Conservation Agreements 
Owners of properties over five hectares that have significant environmental values are 
eligible for Voluntary Conservation Agreements (VCA).  The benefits of a VCA are 
considerable.  Landowners can receive up to 100% rate relief for the areas under the 
agreement and cash reimbursements of up to $5,000 a year for management activities 
such as habitat restoration, erosion control and weed, pest and fire management. A 
Higher VCA is registered as a covenant on title, which protects the land in perpetuity.  
Three properties totalling over one hundred hectares of land are under VCA’s in the 
valley. 
 
Grants 
Restoration and environmental management work on private land that demonstrates 
environmental benefits beyond the property boundary are eligible for grants of up to 
$20,000 over three years.  It should be noted that applicants for these grants must have 
completed the Bush Restoration course described above, and must contribute a minimum 
of 30% of the value of the grant in through in-kind work. Six Properties in the valley have, 
or are receiving these grants. 
 
Queensland State Government Assistance 
 
Nature Refuge Program 
The state government also offers a program that enables a property to be placed under a 
legal conservation covenant.  The program also offers Landholder Grants to carry out 
environmental work. 
 
Two properties in the valley are registered as Nature Refuges and have successfully 
received Landholder Grants. 
 
CITY OF GOLD COAST CONSERVATION RESERVES 
 
COGC has an open space levy from which it funds the purchase and management of 
strategic conservation areas.  These areas are actively managed by on-ground teams that 
carry out habitat restoration, bush fire management and pest animal management.   
 
Over twenty five million dollars of land has been purchased throughout COGC to date and 
this has resulted in over 450 hectares of well-managed conservation reserve in Austinville 
alone.   
 
Council has four highly competent in-house bush restoration teams, which, together with 
contractors, have over 2,600 hectares of conservation estate under active ecological 
restoration management.   
 
HEALTHY LAND AND WATER 
 
The Austinville Banana Settlement was converted to State Forest in the 1960’s and then 
to National Park in the 1990’s.  Today it forms part of World Heritage Springbrook 
National Park.  While large areas of weeds remain, the area is by definition critically 
endangered  (7% remaining) sub-tropical lowland rainforest containing many EPBC 
species. In many respects this area is the jewel of the valley. 
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In 2016 HLW, working in conjunction with Austinville Landcare, funded a major two-year 
project to restore 7 kilometres of riparian vegetation within road reserve and the National 
Park.  The project worked systematically along the riparian corridor, isolating weeds from 
the remnant rainforest, and using Assisted Natural Regeneration to eliminate these weeds 
and promote the germination of the abundant endemic seed bank.  The project was a 
great success, however the development of emerging forest canopy was not complete at 
the end of the project and there is a high risk of reinvasion of weeds such as Devil’s Fig 
(Solanum chrysotrichum).  The ongoing challenge is to find more funds to complete the 
regeneration process.  
 

 
Figure 3.  Conservation and restoration status in Austinville and examples of biodiversity 
found in the Banana Settlement Restoration Project 
 
PEST ANIMAL MANAGEMENT 
 
The Gold Coast and Hinterland Pest Management Group (GCHPMG) 
 
The GCHPMG comprises members who have an interest in pest management over the 
COGC.  Members include Landcare Groups, private individuals, farmers, SEQ Water, 
Biosecurity Queensland and COGC.  The group was created in 1992 in response to 
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disease spread into cattle from wild dogs.  Today, the group represents people with 
interests in agriculture, environment and human safety.  The role of the group is to co-
ordinate activities over the whole Gold Coast and to share information.  The main actions 
taken by the group are simultaneous 1080 baiting programs.  
 
Since only large properties can legally bait with 1080 only two private properties, both 
Nature Refuges, are actively baiting within Austinville.  These properties also have an 
ongoing camera-monitoring program. 
 
City of Gold Coast  
 
COGC has three teams of full time Pest management officers who carry out on ground 
Pest management work throughout the Council’s 13,000 hectare open space estate.  The 
main work carried out in Austinville is wild dog and fox trapping and baiting in the Council 
Conservation Reserves.  The teams are highly competent and efficient.  Camera 
monitoring indicates that this work, together with the work of the two private owners is 
having a major impact in protecting wildlife at the southern end of the valley. 
 
CONCLUSION 
 
The combination of community, COGC and HLW actions is having a profound effect on the 
landscape.   
 
Figure 4. Illustrates the extent of the restoration work in the valley.  Eleven of the 
seventeen kilometres of creek line vegetation is now under active restoration.  The 
southern end of the valley is preserved as National Park, Private Nature Refuge or Council 
Conservation Reserve and there are restoration projects being undertaken in each of 
these areas. The valley is a hive of activity with contractors, COGC teams and landowners 
carrying out work most days.  Council and landowners are managing wild dogs and foxes. 
 
The basis of all of this work is close working partnerships between the community, COGC, 
HLW and the GCHPMG.   
 
Austinville is a piece of paradise in the Gold Coast hinterland.  Its landscape is healthier 
than it was 15 years ago.  It gives hope that we are indeed moving towards a situation 
where healthy landscapes are seen as essential, well-funded and maintained 
infrastructure.  
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ABSTRACT 

The purpose of this paper is to discuss observations and learnings of landholders who 
have used exclusion fencing to protect sheep and goats from wild dog impact in the 
pastoral zones of South West Queensland. 

There has been much investigation on wild dog biology and new and wonderful ways in 
which to kill wild dogs.  Exclusion fencing has sometimes been derided because it is not 
based on lethal control; yet landholders report multiple benefits that were not primary 
drivers in their decision-making. 

This paper examines what landholders have experienced since erecting exclusion fencing 
– with a context that is wider than just minimising wild dog impacts on small stock. 

Keywords: exclusion fencing, holistic management. 

INTRODUCTION 

Queensland’s pastoral regions were for over 100 years a sheep monoculture, with a sheep 
population in excess of 25 million.  The majority of sheep properties had a boundary of 
exclusion fencing – in fact, it was a requirement of tenure in leasehold country. 

Queensland enters 2019 with a sheep population of less than 2 million.  Country towns 
that ‘rode on the sheep’s back’ in times past have seen continual population decline and 
lowering employment opportunities.  Towns, local governments and small businesses in 
the west want the return of sheep numbers to reverse the trend. 

Biosecurity Queensland, with data provided by local governments, have mapped exclusion 
fencing data for western Queensland.  In the last 5 years an estimated 15,000km of 
exclusion fencing has been erected, both privately funded and grant subsidised, 
predominantly with the purpose of re-establishing the sheep industry. 

My role has been to community engagement in the field of wild dog management in the 
pastoral areas.  This has allowed me to visit many fenced properties and have 
conversations with landholders, noting their experiences.  To summarise what have the 
landholders who have fenced observed and learned, I have grouped their points under the 
broad headings below.  

Landowners  

Landholders report many personal benefits, which are in some ways separate to the 
benefits to their livestock. 
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 Mental health benefits – common to all respondents, a feeling of being in control.  

Also not being effected by the stress of having to deal with mauled livestock. 

 Ability to select enterprise that best suits land type – particularly important in the 

mulga areas and the more marginal rangelands, where the economics of small stock 

are nearly double that of cattle. 

 Grazing enterprise viability – follows on from the preceding point, but also 

encompasses the ability to take advantage of very good prices in wool, lamb, mutton 

and goat meat. 

 In addition to the point above, landholders are better able to pursue organic product 

status, if they desire to do so. 

 Generational succession planning is more straight-forward – some variables and 

uncertainties are removed when enterprises are given better economic sustainability. 

 

Community 

Like all of us, landholders live in a community rather than an economy.  The social as well 
as the economic health of that community is largely dependent on the grazing enterprises 
surrounding it. 

 Exclusion fencing provides (generally one off) business for contractors & retailers in 

the local community. 

 Wool enterprises are large local employers – shearing and crutching are labour 

intensive.  

 Other industries can emerge – the goat meatworks in Charleville currently employs 

160 people and export to 100 global markets. 

 Employment creates social capital in country towns – schools with healthy enrolled 

numbers, sporting teams, social clubs, etc. 

 

Property boundary integrity 

The primary driver of exclusion fencing both now and 100 years ago has been the 
exclusion of wild dogs from sheep flocks, but an animal proof fence has many benefits. 

 Exclusion of wild dogs, foxes, pigs etc. 

 Ability to manage goats – moving from harvesting of feral goats to farming goats.  

Goats have doubled in price in the last ten years. 

 Sheep lice control between neighbouring flocks – sheep are the only vector for sheep 

lice. 

 Less straying stock or opportunity for stock theft. 
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 The elimination of the mixing of neighbouring wool sheep with meat sheep with 

contaminating fibres. 

 Exclusion fences enable the use of guardian dogs if so desired by landowners. 

 Protection of cash or fodder crops from feral pigs and macropods. 

 

Pastures & native vegetation 

The original exclusion fencing that commenced in the 1860’s was based on a bottom 
900mm of rabbit netting topped with a 900mm of marsupial netting.  The fencing protection 
from macropods is not something recent. 

 Migratory macropod populations (of up to half the property’s long-term carrying 

capacity) after local rainfall events can be controlled. 

 Exclusion allows for true pasture spelling – not only farmed animals excluded. 

 The positive role sheep/goats play in controlling native vegetation regrowth 

 Allowing a fire regime to control suckers rather than mechanical clearing 

 Some native plants can be difficult in grazing enterprises – for example, Pimelea 

poisoning is a real problem in cattle but much less so in sheep 

 

Livestock production 

The livestock production benefits are a little more straightforward and easier to manage. 

 Less predation of livestock by wild dogs, foxes and feral pigs. 

 Higher weaning rates of livestock – from both reduced predation but also from better 

nutrition through pasture management. 

 Calmer stock, resulting in:  

o Better mothering in breeding operations; 

o Better quality & quantity of wool; 

o Better growth rates of livestock; 

 Greater enterprise adaption to rainfall variability – broadly speaking sheep and goats 

will perform better in dry times compared to cattle (e.g. supplementary feeding, 

destocking, etc.) 

 Landholders have a greater ability to more accurately feed budget i.e. match 

livestock numbers to predicted pasture availability. 

 

CONCLUSION 
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In this paper, I have endeavoured to cover beneficial holistic outcomes received by 

landholders who have erected exclusion fencing on the boundaries of their properties.  

That is not to say there will not be outcomes that cannot be included as beneficial – these 

will need to be identified and managed in the years ahead. 

The decision to exclusion fence or not to exclusion fence for a sheep or goat enterprise is 
often based purely on a cost benefit analysis looking at wild dog predation; yet landholders 
who have fenced refer constantly to a whole range of benefits that are not costed in 
traditional methods. 
 
These benefits should be taken into consideration in the future when discussing the pros 

and cons of exclusion fencing in South West Queensland. 
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ABSTRACT  
 
The successful eradication of a small infestation of Striga asiatica (L.) Kuntze, near 
Habana, Queensland, is dependent on the accelerated depletion of the soil seed bank and 
prevention of plant emergence using a range of ongoing treatments.  A glasshouse 
experiment was conducted to investigate the relationship between Striga emergence in the 
presence of corn (Zea mays L.) (a true host of red witchweed (RWW), and RWW seed 
bank density.  Overall, only 1.18% ± 0.19 of the available seed bank attached to corn roots 
during the 4 months study irrespective of seed bank density. 
 
Keywords: Striga asiatica, red witchweed, seed bank, eradication. 
 
 
INTRODUCTION 
 
Striga asiatica (red witchweed or RWW) is a parasitic plant that is currently the target of an 
eradication program managed by the Queensland Department Agriculture and Fisheries.  
The infested area is contained on 109.1 ha (Calvert, M., 2019) approximately 25 km NW of 
Mackay, at Habana QLD and is the only known population of RWW in Australia (Vitelli et 
al., 2016 and Austin et al., 2017).  A significant challenge for eradicating RWW is the 
plants diminutive height, quantity of seed produced and small seed size.  RWW seeds are 
less than 0.35 mm long and 0.2 mm wide (Bebawi et al., 1984b) with individual plants 5 to 
40 cm in height capable of producing up to 450,000 seeds (Bebawi et al., 1984a).  This 
minute size, in conjunction with its brown-black colouring, makes its detection in soil very 
difficult.  Consequently, eradication progress relies on continuous surveillance for emerged 
RWW plants, but it is unclear how this relates to seed bank depletion, which is required for 
eradication.   
 
A glasshouse experiment was conducted to understand the link between RWW soil-seed 
bank density and its emergence in the presence of a host. Five RWW seed bank densities 
were tested.  The seed bank densities equate to between 65,000 to 1.03 million seeds/m2 
and reflect previously recorded seed bank densities present in the field at Habana (Vitelli 
J.S., 2019). 
 
MATERIALS AND METHODS 
 
RWW seeds were collected between Jan 1 to April 30 2015 from Striga plants grown in a 
quarantine glasshouse at the Ecosciences Precinct, Dutton Park, and stored at 35OC until 
needed.  Five replicates of 250, 500, 1000, 2000 and 4000 RWW seeds were counted 
under a dissecting microscope. 330 g (dry weight) of a 2:1 Kurosol:Sand mix was weighed 
into containers to which known densities of RWW seeds were added and stirred 
thoroughly.  Holes 3.5 cm in diameter were drilled into the base of each 350 ml pot and 
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then lined with nylon mesh. RWW-inoculated soil was later added to each pot and planted 
with a 2 - 3 cm tall corn seedling. 
 
Potted plants were placed in a completely randomised design on felt matting, suspended 
over a water bath to provide constant watering.  Host plants were fertilised and treated for 
pests as necessary to support healthy growth. 
 
Pots were monitored twice weekly and the number of days to first emergence and number 
of emerged RWW plants were recorded.  On emergence RWW plants were cut to soil level 
and marked with pink paint, to observe ongoing recruitment during the experiment.  After 4 
months, when the corn was senescing, each pot was washed free of dirt and the number 
of RWW attachments assessed. 
 
RESULTS 
 
The first RWW seedlings to emerge were observed during the sixth week after planting in 
the 1000, 2000 and 4000 seed density treatments.  Above ground RWW growth continued 
until the pots were removed and RWW attachment determined. There were a greater 
number of RWW attachments with increasing RWW seed density (Table 1). When 
expressed as percent of available seed bank, the number of attachments was static across 
all seed bank densities.  
 
Table 1.  Striga asiatica seed density and emergence. 

Rww seed density  Av. Days to first 
emergence 

Av. Number of rww 
attachments to 
corn roots  

 % attachment of 
known rww soil 
seedbank 

250 60 ± 2.3 3.2 ± 1.6 1.3 ± 0.7 

500 63 ± 7.4 5.8 ± 2.4 1.2 ± 0.5 

1000 49.5 ± 3.9 12.4 ± 4.7 1.2 ± 0.5 

2000 46.2 ± 2.0 17.8 ± 3.8 0.9 ± 0.4 

4000 46.6 ± 3.5 52.2 ± 15.2 1.3 ± 0.4 

 
The number of above ground RWW stems were found to not reflect the number of RWW 
attachments due to below ground branching.  There were far fewer attachments than the 
number of above ground visible stems. 
 
DISCUSSION 
 
This experiment showed that the number of RWW attachments resulted from an average 
of 1.18% ± 0.19 irrespective of the available seed bank, and in three replicates, no RWW 
attachments were found.  The number of emergent RWW in the field, including absence or 
low numbers, does not reflect the size of the available soil seed bank and should not be 
used as an indicator of soil seed bank density.  
 
In two replicates RWW plants persisted through to flowering after the above ground foliage 
of the host was dry, brittle and appeared to be dead (Figure 1).  Therefore, if a control 
strategy only “burns off” or removes the above ground host foliage (e.g. through contact 
herbicides, such as paraquat, slashing or burning) without killing the entire host plant, 
including its root system, attached RWW plants can survive through to reproduction. 
 



123 
 

 
 
Figure 1. Flowering Striga asiatica attached to corn that appears dead but has a live root 
system. 
 
Acknowledgment of these RWW characteristics is crucial to successful RWW 
management as absence of RWW detections in surveillance activities cannot be 
interpreted as an absolute sign of a depleted soil seed bank.  
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ABSTRACT  
 
African cichlids Mozambique tilapia (Oreochromis mossambicus) and spotted tilapia 
(Tilapia mariae) were illegally introduced to Queensland waters in the late 1970’s.  Shortly 
thereafter the state government legislated both species as ‘noxious’, and implemented a 
no-take approach to management that is still enforced today. O. mossambicus is now 
established in 24 of 76 catchments throughout the state, largely restricted to the east 
coast.  T. mariae has established in only four northern Queensland catchments.  There is 
evidence of tilapia naturally spreading across Queensland, although colonisation is 
generally slow.  Most new tilapia infestations are the result of human-assisted 
translocations occurring via illegal stocking, live bait escapees or ornamental fish dumping. 
Notwithstanding, there is still a significant amount of native waterways in Queensland that 
remain tilapia-free.  Given the growing number of infested catchments, there is increasing 
pressure from the public to change noxious fish policy to allow consumption of tilapia, 
citing heavier fishing pressure leading to a reduction in numbers.  While contemporary 
science does not indicate this method effectively reduces invasive fish biomass, new 
regulatory requirements around community.  The General Biosecurity Obligation (GBO) 
has brought about mounting public pressure for the government to review its current 
policies regarding the possession and consumption of tilapia. 
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HOST SPECIFICITY TESTING OF A NEW CANDIDATE FOR THE 
BIOCONTROL OF MOTHER-OF-MILLIONS 

 

Natasha Riding1, Tamara Taylor1 and Michael Day1 
1DAF, Biosecurity Queensland, Ecosciences Precinct, 41 Boggo Road, Dutton Park Q 

4102. 

ABSTRACT 

Mother-of-millions Kalanchoe (=Bryophyllum) delagoensis is native to Madagascar.   
Introduced to Australia as an ornamental plant, it has become a widespread major weed in 
Queensland and northern New South Wales.  Under a 4-year biological control project 
funded by the Australian Government and Agrifutures, and in collaboration with New South 
Wales DPI, potential candidates in Madagascar were investigated.  As a result a small flea 
beetle, Bikasha sp. (Coleoptera: Chrysomelidae), was imported into the quarantine facility 
at the Ecosciences Precinct in Brisbane for biology studies and host specificity testing.  
Both adult and larval life stages feed on mother of millions with the adult feeding on plant 
phyllodes (leaves) and stems and the larvae tunnelling within the plant roots.  In host 
specificity trials the beetle fed on several plants species including ornamental and weedy 
Kalanchoe species.  Current trials have shown it can complete its life cycle on several 
species.  This off-target damage suggests that this beetle may not be suitable for release 
in Australia and further surveys for potential agents in Madagascar are warranted.  In the 
meantime, alternative methods of controlling weedy Kalanchoe species should be 
employed.  

Keywords: mother-of-millions, biocontrol, Bikasha sp., host specificity. 

 

INTRODUCTION 

Mother-of-millions (Kalanchoe spp. = Bryophyllum spp.) (Crassulaceae) is native to 
Madagascar and is a major weed in Queensland and northern New South Wales.  In 
Queensland it is a restricted invasive plant under the Biosecurity Act 2014.  Originally an 
escaped garden plant it has spread widely through dispersal of its seeds, phyllodes and 
plantlets by animals, vehicles and machinery as well as abiotic factors such as flooding.  
Mother-of millions impacts on pastures and grazing lands and the plant, particularly when 
flowering, is toxic to livestock.  

Mother of millions was accepted as a candidate for biological control in 2001.  Previous 
field surveys in Madagascar found four potential insect agents and host specificity was 
assessed on two species of beetles (Osphilia tenuipes and Alcidodes sedi) in Australia.  
These attacked closely related, mostly ornamental plants in several genera and so A. sedi 
was not further pursued as a biological control agent in Australia while the risk posed by O. 
tenuipes is still being assessed. Under a new 4-year project funded by the Australian 
Government and Agrifutures, a small flea beetle, Bikasha sp. (Coleoptera: Chrysomelidae) 
was found in Madagascar and imported into the quarantine facility at the Ecosciences 
Precinct in Brisbane in November 2017 for host-specificity testing.  This paper describes 
the biology and host specificity testing conducted to date. 
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MATERIALS AND METHODS 

Bikasha sp. biology investigations and host specificity testing were conducted within the 
quarantine facility at Ecosciences Precinct, Dutton Park, Queensland.  Beetles were 
reared on potted mother-of-millions plants within gauzed cages under glasshouse 
conditions at 27˚C day/22oC night and 70%RH.   

The life cycle of the beetle was explored to determine longevity, sexual maturity, time until 
egg lay and hatching, and the time until adult eclosion.  A microscopic examination was 
conducted to establish whether gender could be determined without destructive sampling.  

Host test plants were sourced from multiple nurseries to obtain a variety of species from 
within the genera Kalanchoe and Crassula.  These plants were re-potted where necessary 
and maintained within a shade-house under ambient conditions until required for culture 
and host-testing experiments in the quarantine glasshouse.   

A series of no-choice trials with Kalanchoe and Crassula species was conducted to 
determine the degree of adult feeding on each species.  Two unsexed adults were placed 
in a small plastic cup with a phyllode of a test plant.  Numbers of feeding scars were 
counted after a 24hr period and their area measurements taken to provide a comparison 
with feeding on the control species K. delagoensis.  

To determine if beetles could complete their life cycle on test plants, a group of 10 eggs 
was positioned on the roots of a semibare-rooted test plant which was placed in a 
disposable plastic container with a vented lid.  Containers were maintained in a controlled 
environment cabinet at 27oC day/22oC night and 50% RH. Egg hatch was recorded and 
containers monitored for larval activity and adult eclosion.   

 

RESULTS 

Bikasha sp. biology 

Adults feed on plant phyllodes (leaves) and stems and can live for over eight months 
under laboratory conditions.  The bright yellow eggs are laid at the base of the plant 
among the roots and hatch in 14 days.  The larvae feed on and in plant roots for 21-28 
days prior to pupation in the soil. Adults emerge about seven days later.  New adults are 
light brown and darken after a few hours to glossy black as the exoskeleton hardens.  The 
complete life cycle generally takes between 35-50 days at 27oC.  However, this is 
dependent on plant quality and other factors.  Gender cannot be determined visually with a 
microscope.  Females commence laying eggs between 7- 10 days after eclosion and lay 
multiple batches of several eggs over their lifetime.  Beetles use their well-developed hind 
legs to jump when disturbed (Figure 1.).  
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Figure 1. Bikasha sp. adult 

Damage 

Aboveground damage to mother of millions occurs as phyllodes are attacked by adults and 
below ground larval tunnelling kills plant roots.  In glasshouse cultures, attack by 
numerous adults and larvae can cause the collapse of potted plants within four weeks.  

Host specificity testing  

Initial host testing indicates that the beetle is not specific, as it feeds as both adults and 
larvae on other weedy and ornamental Kalanchoe spp.  To date, two Crassula species 
(including one native) tested, were found to be susceptible to adult feeding.  Larval host 
testing is currently underway, and initial results show that the beetle can complete its life 
cycle on at least five ornamental Kalanchoe species and one Crassula species. 

 

DISCUSSION 

Host specificity trials to date indicate that Bikasha sp. may not be a suitable insect for 
release in Australia due to the number of species which can support adult feeding and 
larval development.  All plant species tested to date are closely related to mother-of-
millions.  As some of the plant species supporting development are also weedy and some 
are viewed as ornamentals, further host specificity testing may be required to see if other 
plant species which are less related and also native are also attacked. 

Depending on the results of these additional trials, work on this species may be 
terminated. If so, it will be necessary to investigate other potential biological control agents 
from Madagascar.  In the meantime, other methods of controlling mother-of-millions are 
required to minimize its spread and impact.  
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ASTRACT  
 
Bioherbicides Australia Pty Ltd (BHA) recently achieved a world first with the APVMA 
registration (Approval No. 68348/58200) of a fungal-based bioherbicide (Di-Bak® 
Parkinsonia) to assist in the control of the problem tree weed Parkinsonia aculeata.  This 
Weed of National Significance (WONS) is a major impediment to grazing in northern 
Australia with its thorny nature and preference for growing in riparian environments. A 
soluble capsule containing the fungi grown on millet grains is inserted into, and sealed 
within the stem, thus inoculating the parkinsonia plant.  Over time, successful infection will 
lead to deterioration of tree health often leading to mortality.  
 
BHA has undertaken several generations of design and evaluation of applicator devices to 
facilitate the inoculation of trees.  The aim was for a light weight, robust device with a 
simple durable mechanism.  The InJecta® device is powered by a cordless hand drill, 
which drives a drill bit via a carbon fibre shaft.  The drill bit is used to produce a hole in the 
trunk, and then withdrawn to load a capsule and wooden plug into position to be driven 
into the hole.  The procedure is completed in mere seconds.  The circular magazine holds 
30 capsules and plugs so depending on their size (and thus number of doses required) 
and spacing many trees can be inoculated in a short amount time. 
 
BHA is expanding the applications of the InJecta® System by evaluating its use with 
encapsulated (dry formulation) chemical herbicides.  To date, results have been so 
encouraging that BHA is seeking APVMA approval for encapsulated versions of 
glyphosate (Di-Bak® G), imazapyr (Di-Bak® I) and metsulfuron-methyl (Di-Bak® M).  
Other herbicides under evaluation with the prospect of future registration include 
clopyralid, dicamba, hexazinone, picloram, tebuthiuron and triclopyr along with 
combinations of aminopyralid/metsulfuron-methyl and triclopyr/picloram.  The products are 
safe and effective, with reduced risk to the operator and the environment.  These products 
are highly appropriate for application in sensitive environments (waterways, lakes, 
swamps, National Parks etc.).  Experience has also shown that application can be done 
under almost any weather condition. 
  

mailto:p.riikonen@bioherbicides.com.au
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SUMMARY 
 
Australia has seen significant biosecurity reforms in the past decade. New measures aim 
to streamline systems and offer a more flexible and consistent approach to invasive 
species management.  With a key focus on risk-based decision making, governments are 
emphasising biosecurity as a shared responsibility. But how can this new approach work 
to the best of its ability?  What conversations are required so that people understand their 
responsibilities?  And how can their capacity be built so that responses are practical and 
commensurate with the risk posed?  
 
This discussion will draw on examples of tools and processes that have been developed in 
New South Wales and Queensland to help with the transition to this new approach.  This 
includes:  

 Working with those in compliance roles to correctly interpret legislation;  

 Freely accessible risk assessment systems and results for decision making; and  

 Providing plain English information on species identification, best practice 
management and obligations/duties. 

 
Keywords: biosecurity, legislation, Queensland, New South Wales. 
 
 
INTRODUCTION 
 
The business of biosecurity is complex.  Historically, Australian biosecurity has been 
managed or influenced by multiple pieces of legislation - around half a dozen in 
Queensland and fourteen in New South Wales alone.  Some Acts were established over a 
century ago when Australia’s need and capacity to manage risks was far different from 
today’s reality, with unparalleled increases in trade and travel and the increased 
biosecurity risks associated with the movement of people and products.  
 
There has also been change in who is responsible for biosecurity, and while government 
still plays a central role, there is clear recognition of the critical role that industry, primary 
producers and the wider community also play.  Biosecurity is now described as a ‘shared 
responsibility’ and reasonable and practical steps must be taken by all to manage risks.   
 
This paper examines the changes, implementation approaches and challenges of the 
biosecurity legislation reforms that have taken place through the enactment of the 
Biosecurity Act 2014 (Queensland) and the Biosecurity Act 2015 (New South Wales).  
These jurisdictions share some similarities in their biosecurity framework, including the role 
that local government plays in planning, implementing and regulating invasive species 
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management.  This paper will explore the purpose, challenges and processes associated 
with these biosecurity reforms and the opportunities and lessons learnt thus far. 
 
CHANGE - NECESSARY BUT CHALLENGING 
 
Changing global demands, growing passenger and trade volumes, increasing imports from 
a growing number of countries, population expansion and climate change mean that 
biosecurity risk is growing.  There is also an increasing demand from international trading 
partners for greater levels of assurance in relation to Australia’s exports. 
 
These influences have resulted in several reviews of Australia’s biosecurity system and 
recommendations for improvements started with the Nairn Review in 1995 and culminated 
in the 2008 independent review of Australia’s quarantine and biosecurity arrangements – 
One biosecurity: a working partnership (the Beale review).  The Beale review found that 
Australia’s biosecurity system operated well but could be improved.  Importantly, it 
proposed significant reforms to strengthen the system by revising legislation; targeting 
resources to the areas of greatest return from a risk management perspective; sharing 
responsibility between government, businesses and the community; and improving 
transparency, timeliness and operations across the biosecurity continuum (from prevention 
through to asset protection). 
 
Following the Beale review, and similar state level reviews, many jurisdictions, including 
Queensland and New South Wales, have positioned themselves to address increasing 
biosecurity threats and to ensure the system is effective and sustainable into the future.  
This is being achieved by implementing a risk–based approach to biosecurity management 
to enable flexible and scalable responses; strengthening partnerships with clients and 
stakeholders; using robust science; and developing and implementing modern legislation, 
technology, funding and business systems.  The benefits of the modern biosecurity system 
will be realised by industry, government, the environment and international trading 
partners – with positive flow through effects to the economy more generally.  
 
Barriers to change 
 
Biosecurity is a science.  As identified in the reviews, decisions on what to prioritise and 
where to invest should be evidence based and supported by risk assessment and 
prioritisation processes.  Many biosecurity professionals understand and implement risk-
based approaches to biosecurity, however some professionals and the broader community 
are still coming to terms with the shift from managing impacts to managing risks in order to 
minimise impact.  Similarly, there is uncertainty over what their role looks like under the 
notion of biosecurity as a shared responsibility and what is considered a reasonable 
response to manage identified risks.  
 
In Queensland the biosecurity approach has evolved to include: 

 The introduction of outcome-based legislation (the General Biosecurity Obligation) 
and the requirement to establish reasonable and practical management 
requirements based on the level of biosecurity risk in each situation; 

 Changes to the way declared species are defined and categorised; and  

 The introduction of the precautionary principle.  
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These changes represent a paradigm shift for those enforcing the Act and some local 
governments have struggled with the greater complexity of the planning, enforcement and 
administration processes.  In addition, difficulties have arisen due to inconsistencies in 
prioritisation processes between local governments and concerns about the legal rigour of 
decisions about how the GBO can be applied, including what might be considered 
reasonable and practical measures for the management of invasive biosecurity matter 
under different circumstances.  For some local governments these issues are 
compounded by the variability in capacity to undertake and implement more complex 
biosecurity plans; the way in which compliance has been managed historically; and 
changes to regulatory requirements under the new Act. 
 
 
SETTING UP SUPPORT STRUCTURES 
 
There has been a need for clarification and communication regarding the general change 
between old and new legislation; the principles and procedures for risk-based biosecurity 
planning; specific responsibilities of individuals to manage biosecurity risk; and how to 
confidently set benchmark management requirements (obligations or duties) that comply 
with the intent of the Act. 
 
Jurisdictions have approached this in several ways and some example of initiatives, both 
in use and proposed, are described below  
 
Capturing and communicating risk at the regional level - A NSW perspective 
 
The NSW Biosecurity Act 2015 was enacted in July 2017.  Significant effort was made to 
ensure that regional and local bodies responsible for overseeing weed management were 
involved in setting regional priorities and were given the tools and knowledge to implement 
the Act.  This case study describes some of the tools that were established in relation to 
weeds.  
 
Eleven statutory Regional Weed Committees (RWC) were established with representation 
that reflects the nil-tenure approach of the Act.  The RWC were tasked with developing 
five-year Regional Strategic Weed Management Plans region.  The plans articulate how 
the region’s communities and stakeholders will work together to identify, minimise, 
respond to and manage high-risk weeds.  A key task of the RWC in developing the plans 
was to develop priority weed list by conducting weed risk assessments of all known and 
potential weeds.  
 
The following state-level support was provided to the RWCs to facilitate the development 
of weed lists and the regional plans: 

 Access to experts to oversee and verify regional weed risk assessments; 

 Development of a list of suggested ‘regional recommended measures’ that 
articulated the ‘reasonable and practical measures’ a landholder should take to 
manage the risk posed by a weed; 

 Establishment of a database (WIDX) to store biosecurity information; and  

 Establishment of WeedWise, a portal with identification and management guidance 
for all priority weeds. 
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Local government biosecurity planning support in Queensland 
 
A new project, initiated by Biosecurity Queensland on advice from the Local Government 
Biosecurity Act Reference Group and LGAQ, will develop best practice biosecurity 
planning and compliance support tools and systems that can be used by Queensland local 
governments to support the enforcement of the Biosecurity Act 2014.  This project 
acknowledges the difficulties some local governments are having adapting to and 
resourcing enforcement of the Act. The project will work to: 

 Understand the needs of local government; 

 Develop scalable biosecurity planning processes and guidelines; 

 Develop compliance plan templates and guidelines; 

 Incorporate simple risk-based decision support tools and support templates; and 

 Ensure approaches are flexible to the varying levels of capacity. 
 
The needs and perspectives of local government will be captured through the 
establishment of a steering committee and a series of workshops across Queensland.  
Feedback from individual councils unable to participate will be sought where possible.  A 
focus will be how tools and support can be scaled to suit the needs and capacity of 
individual local governments. More information about the project can be sought from the 
authors of this paper. 
 
 
LESSONS LEARNT 
 
For all the benefits brought about by implementing a robust, science-based biosecurity 
approach, the engagement and mobilisation of ‘people’ remains the key to effective 
invasive species management.  Important determinants of success will be the acceptance 
of biosecurity as a responsibility that can and should be shared by all; and an 
understanding of the mechanisms of the legalisation to help achieve this. 
 
Provision of readily available systems and tools will improve implementation of biosecurity 
reforms and assist in the awareness and understanding of biosecurity responsibilities that 
underpin acceptance of biosecurity as a shared responsibility.  Tools include simple and 
consistent guidelines and templates to undertake risk-based planning at appropriate 
scales; offering support to those that have limited capacity; and capturing species 
identification and management information in plain English.  This will improve the 
confidence in priority setting from the state to the local to the property level and provide 
more clarity to land managers and regulators around management expectations and 
standards.  
 
Given the increased exposure to biosecurity risk resulting from globalisation, climate 
change and other factors, the biosecurity system needs to work more efficiently and 
collaboratively to realise the beneficial outcomes we are all aiming for. 
 
` 
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MAKING A REAL DIFFERENCE IN THE DAMAGE CAUSED BY PEST 
ANIMALS AND WEEDS 

David Berman 
University of Southern Queensland, Toowoomba, Queensland, Australia. 

ABSTRACT 

Sustained reduction in pest animal and weed damage with minimal ongoing cost of control 
is very difficult to achieve.  We need a multi-disciplinary team with members who can 
multi-task.  Examples of successful and not so successful feral horse (Equus caballus) and 
rabbit (Oryctolagus cuniculus) control programmes are described to illustrate the important 
elements required.  

Feral horse work in central Australia in the 1980s involved ecologists and economists 
working along with operational staff.  All community interest groups were engaged so that 
they had a common goal and the feral horse population was substantially reduced. Where 
this was not done overabundant feral horses continue to damage the environment and 
economy, and perish during drought.  

The Darling Downs-Moreton Rabbit Board (DDMRB) rabbit-proof fence and DDMRB staff 
have been protecting the south east Queensland economy and environment from damage 
caused by rabbits since 1893.  However, during the last 15 years, the number of 
infestations within the DDMRB area has increased dramatically.  To regain control an 
improved strategy has been employed, targeting “hot spots”. “Blanket surveys” of every 
property within 3 km of “hot spots” showed that only 50% of important rabbit infestations 
were previously known.  Once all important infestations were identified and treated, rabbit 
numbers, reports from the public of rabbits and damage dropped dramatically. 

Joint responsibility, collaboration between landholders, all levels of Government and non-
government organisations, following strategies that incorporate all essential elements 
ensure achievement of a real, sustainable reduction in the damage caused by pest 
animals and probably weeds. 

Keywords: rabbits, feral horse, coordination, collaboration, ecology, pest management 
strategy. 

 

INTRODUCTION  

Long-term reduction in pest animal or weed damage with minimal ongoing cost of control 
requires team work and a strategy incorporating multiple elements.  As members of a team 
we monitor, capture mobile data, upload it to the cloud, analyse data, map using GIS, trap, 
bait, muster, shoot, track animals, identify plants, mix chemicals safely, spray weeds 
safely, understand and use biocontrols safely, understand ecology, communicate with 
stakeholders, collaborate, negotiate, engage the public, treat animals and plants humanely 
while keeping in mind our duty of care to others.  Sometimes the team is me or you alone 
which means to succeed, you or I, need to develop many skills appropriate for the 
particular situation.  
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Whether there is a large team or not, the strategy for success must include various 
proportions of the following elements (Nuñez et al. 2016).  This list of elements is based on 
experience managing feral horses and are similar to guidelines published in the “Managing 
Vertebrate Pests” documents (Braysher 1993; Dobbie et al. 1993).  
 
The elements include: 
 

 Understanding pest animal or weed distribution, abundance, rate of increase and 

spread; 

 Measurement of positive and negative impact; 

 Effective control methods and strategies; 

 Adequate consultation with all interest groups and organisations to engaged the 

community; 

 Implementation of the agreed plan; 

 Monitor effectiveness;  

 Repeat all of the above until the desired outcome is achieved. 

 
The detail required for each element depends on the species of pest animal or weed, the 
situation or location and the perceptions/opinions of interested people.  The order is not 
fixed but the first four elements must be addressed adequately before implementing the 
agreed plan.  That is, before you kill things you need to be well and truly prepared. Done 
correctly more is learnt as the operation proceeds and each element will be refined. 
Guidance and funding from Government sources also appears common to successful 
programs. 
 
In this paper I describe feral horse and rabbit control operations that have included all 
these elements and compare the result with other operations that have not included all 
elements adequately. 
 
FERAL HORSES 
 
In central Australia in the 1980s a Government funded programme of research and 
management allowed the successful reduction in the feral horse population from around 
82,000 horses to somewhere near 19,000 (Matthews et al. 2001) assisted by drought.  All 
horses were removed from Finke Gorge National Park in a sustained control effort lasting 
9 years.  Finke Gorge National Park has been free of the impact of feral horses for over 
fifteen years and numbers of feral horses remain low on most pastoral leases in central 
Australia.  This programme incorporated all the elements listed above. Unfortunately, in 
areas where no or inadequate feral horse management was conducted, horses are still 
causing damage and suffering during drought, as they perish from lack of food or water. 
 
The consequences of inadequate community engagement, poor understanding of the feral 
horse ecology and poor measurement of positive and negative impact can be seen in the 
USA where over 70 million dollars per year are spent managing their feral horse 
population (Garrott and Oli 2013).  We cannot afford to follow the same path as the USA 
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because Australia has a far larger population of feral horses and a far smaller number of 
tax payers than the USA.  
 
The aerial shoot of 606 horses in Guy Fawkes River National Park in the year 2000 
caused the banning of aerial shooting in NSW and Queensland.  This exercise also 
stimulated the beginnings of many feral horse advocate groups. The social licence we 
gained during the 1980s to use aerial shooting was almost lost.  In the two days that the 
Guy Fawkes shoot took, Australia was propelled along the same path followed in the USA.  
The Guy Fawkes shoot was conducted without adequate community engagement using a 
method perceived by the public as inappropriate and there were no local scientific studies 
to justify the action. 
 
Recent activities of anti-horse activists in response to growing numbers of feral horses in 
the Australian Alps have provoked the brumby advocates and fueled conflict that will most 
likely prevent sensible management.  The damage caused by feral horses or absence of 
damage must be clearly demonstrated to all interest groups. Interest groups need to be 
involved in research from the beginning so that they will be more likely to be comfortable 
with the findings.  They need to be allowed to assist with finding a solution to the problem. 
All interest groups need to eventually have a common goal.  
 
RABBITS 
 
For forty years the officers of the predecessor of what is now Biosecurity Queensland 
regularly released, in a coordinated fashion, a virulent strain of myxoma virus to control 
rabbits in Queensland.  An experiment conducted on Bulloo Downs in southwest 
Queensland demonstrated that this was having no benefit, at least at the place where the 
experiment was conducted, and most likely everywhere.  The released virus was infecting 
and killing rabbits that were captured and injected but it was not spreading to other rabbits. 
The outbreak of myxomatosis observed soon after the release was caused by a field strain 
not the released strain (Berman et al. 2006). 
 
Work occurring in south east Queensland in and around the Darling Downs-Moreton 
Rabbit Board (DDMRB) area combines all the elements required for success.  The 
DDMRB rabbit-proof fence was built in 1893 to protect the south east Queensland 
economy from damage caused by rabbits.  The fence and DDMRB officers still protect one 
of Australia's most valuable horticultural areas. Sporting fields, infrastructure, farms and 
native plants and animals are all protected from the destructive impact of rabbits.  
 
Rabbit incursions into the protected area have been regular since the fence was built but 
until recently rabbits were never allowed to fully establish large warren systems. The 
DDMRB area is the only sizable mainland area in Australia, which is suitable for rabbits, 
that has been protected from the negative impact of rabbits. Unfortunately, during the last 
15 years, the number of infestations has increased dramatically.  We were on the verge of 
losing the battle with the rabbit in this very special part of Australia. 
 
An improved strategy based on a good understanding of the ecology of rabbits was 
required. Rabbit “hot spots” in the Toowoomba and Lockyer Regional Council areas were 
treated first to remove all known breeding places.  “Blanket surveys” of every property 
within 3 km of “hot spots” showed that the previous reactive strategy only uncovered less 
than 50% of important rabbit infestations.  Once all important infestations were identified 
and treated, rabbit numbers, reports from the public, and reports of damage to crops 
dropped dramatically. 
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PEST ANMIAL AND WEED MANAGEMENT FAILURE 
 
Failure is inevitable if essential elements listed above are not included. In my view failure 
is where the pest or weed rapidly recovers after a control operation and repeat treatment is 
required, the same amount, over and over.  Baiting, fumigating or shooting rabbits without 
destroying their warrens is a common mistake. Failure is also encouraging many 
landholders to take part in a coordinated control program without adequate monitoring to 
see if the program has achieved the desired result.  There may be no real benefit. In fact, 
the process may be more expensive than doing nothing.  The cost of control is additional, 
on top of the damage caused by the pest, which could remain unchanged or even 
increased as a result of the coordinated control. Monitoring incurs a cost that must be 
minimized also. 
 
REQUIREMENTS FOR SUCCESS 
 
For success a strategy must incorporate all elements listed above. Ecological 
understanding is essential, so could be economics, community engagement, new or 
refined control techniques, skilled animal pest or weed practitioners, motivated 
landholders, and Government agencies willing and able to guide and provide funds. 
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ABSTRACT 
 
Biological control viruses have been at the forefront of rabbit management for nearly 60 
years.  The successful reduction in numbers of and damage from rabbits has allowed 
environmental systems to regenerate and agricultural systems to be more profitable.  It 
has also allowed rabbit control to be effective at the property/local landscape level.  This 
level of control, however, has often been neglected as the success of the biocontrol is 
seen as enough.  This is not the case and rabbit numbers continue to recover from 
biocontrol outbreak and increase in number and damage caused.  Current control 
programs still begin with an application of virus and then follow-up with mechanical or 
chemical control.  Often the follow-up does not happen, yet this is the key requirement for 
long-term reduction in rabbit numbers.  Two recent case studies at Wallangarra and 
Highfields in Queensland have shown that deliberate releases of virus into rabbit 
populations has minimal effect in the short-term and no effect if follow-up control does not 
occur.  The mechanical control of removing breeding harbour is the key component of 
rabbit management and needs to the main and first control tool used where possible.  
Biocontrol viruses are in the environment and spread naturally, we don’t currently need to 
add more, we need to push the message of harbour removal as the first control tool. 
 
Keywords: Rabbit, biocontrol, management, ripping, RHDV. 
 
INTRODUCTION 
 
The European rabbit (Oryctolagus cuniculus) is the greatest threat to endangered species 
in Australia (Kearney et al. 2018) and causes over $200 million in damage to the 
agriculture sector (Gong et al. 2009).  As a result governments and landholders have been 
trying to control rabbits since they first established in the 1850’s. 
 
The introduction of myxoma virus (MV) in 1960 changed the landscape with rabbit 
numbers devastated across Australia.  The rabbits quickly (within three years) developed 
resistance to MV (Marshall and Fenner 1958) and the virus itself became less lethal (Best 
and Kerr 2000; Marshall and Fenner 1960).  Fewer rabbits died, rabbit populations 
increased and so too did resulting damage.  The same decline in rabbit populations was 
seen with the introduction of RHDV1 Classic 1995.  Again, though, rabbit resistance to the 
virus developed (within 10 years) and rabbit numbers began to increase (Elsworth et al. 
2012). 
 
In the last five years Australia has had three new strains of RHDV enter the landscape; 
one deliberately released (RHDV1 K5) and two (RHDVa and RHDV2) that arrived by 
accident (Cox et al. 2017; Hall et al. 2015; Mahar et al. 2018).  With all the virus releases 
the message has been to “take advantage of the virus release” and undertake follow-up 
control.  But often it doesn’t occur.  The common perception is that the “silver bullet” has 
worked and the drive to keep going with control subsequently disappears.  But viruses will 
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never kill all the rabbits and remaining rabbits, now immune or resistant, breed and the 
cycle re-starts. 
 
Follow-up control can take the form of shooting, poisoning, fumigating and removing 
harbour.  All of these can reduce or remove rabbits from an area, but the key method is 
the removal of breeding harbour.  By removing breeding harbour, you remove the ability 
for rabbits to establish and increase their population.  Where warren ripping programs 
have been undertaken, rabbit numbers have remained very low for up to, or over 20 years, 
and the warrens have not been re-opened (Berman et al. 2011; McPhee and Butler 2010). 
 
If warren ripping and breeding harbour removal is the key to maintaining low rabbit 
numbers over the long-term (where biocontrol cannot) are these sufficient to reduce the 
numbers in the first place?  There are four lethal biocontrol viruses circulating in the 
Australian environment that help control rabbits, so do we need to keep putting more out?  
Can we get a better outcome by doing the “follow-up” control first?  We examine five sites 
where rabbit control has been done with a virus release and different levels of follow-up 
(Table 1). 

 
Table 1. Site information showing the virus released as part of the control program, other 
viruses found to be present from virology testing of shot rabbits or carcasses found, and 
the follow-up control undertaken. 

Site Monitoring Virus 
released 

Other viruses 
present 

Follow-up 
control 

Wallangarra Spotlight (2km) 
seasonally, 
Shot samples 

RHDV1 K5 RHDV2 Ripped warrens, 
fumigating, 
shooting 

Toowoomba Spotlight (1.3km) 
once pre, 12 post 
virus release 

RHDV1 K5 RHDV2 Burning, 
cleaned rubbish, 
shooting 

Mt Kynoch Spotlight (1.3km) 
once pre, 4 post 
virus release 

RHDV1 K5 RHDV2, 
RHDV1a-China 

Fumigating 

Woolmer Spotlight (1.3km) 
once pre, 4 post 
virus release 

RHDV1 K5 None None 

Highfields Spotlight (1.5km) 
once pre, 3 post 
virus release 

RHDV1 
Classic 

RHDV2 Cleared lantana, 
ripped warrens 

 
As part of the national RHDV1 K5 release program in March 2017, an intensive monitoring 
site was established on the outskirts of the township of Wallangarra in southern 
Queensland.   
 
Rabbit numbers at the Wallangarra site fluctuated greatly over the survey period. 
Following the virus release rabbit numbers dropped by 10 percent, but following the ripping 
dropped by 86 percent (Figure 1).  Rabbit numbers have remained low ever since. 
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Figure 1. Rabbits seen per spotlight kilometre for each monitoring survey at Wallangarra.  
RHDV1 K5 was released in March 2017 and warren ripping, followed by shooting for 
surface rabbits and fumigating and closing re-openings was done in May 2017. 
 
Virology testing of shot rabbits showed that RHDV2 was present at the site in April 2016 
and February 2017 (just prior to the RHDV1 K5 release) and that myxomatosis was 
present from July 2016 to January 2017.  Three carcasses were recovered in the week 
following the RHDV1 K5 release and confirmed for death by RHDV1 K5.  In November 
2017 two carcasses were positive for RHDV2. 
 
Three sites around Highfields were chosen to be a part of the national RHDV1 K5 release.   
Additionally, a fourth site at Highfields undertook a virus release of RHDV1 Classic in 
February 2018.  
 
There was a 48 percent reduction in rabbits at Site 1 following the release of RHDV1 K5. 
Sites 2 and 3 had reductions of 15 and 12 percent respectively.  Following the release of 
RHDV1 Classic at Site 4 there was a 7 percent reduction (Figure 2).  At the time of release 
at Sites 1 and 4, RHDV2 was known to be present. 
 

 
Figure 2. Rabbits seen at Highfields Site 1 (black line and circles), Site 2 (blue line and 
triangles), Site 3 (grey line and squares), and Site 4 (red line and diamonds).  RHDV1 K5 
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was released at Sites 1, 2 and 3 in March 2017.  RHDV1 Classic was released at Site 4 in 
February 2018. 
 
Site 1 has had a continual decline in rabbit numbers following shooting and harbour 
removal.  Site 2 had an initial decrease (56 percent) following fumigation and warren 
covering, but numbers have returned to levels seen prior to any control activity.  Site 3 
remained fairly constant in numbers across the survey period.  Site 4 saw a 40 percent 
decrease through 2018, probably due to RHDV2 which was active at other sites nearby.  
The clearing of lantana and ripping of rabbit warrens in December 2018 resulted in a 97 
percent reduction in remaining rabbits.  
 
DISCUSSION 
 
The use of biocontrol viruses in the management of rabbits in Australia has reduced their 
numbers and damage significantly (Cooke et al. 2013).  However, biocontrol can never 
remove all rabbits, and those remaining become immune or are resistant (Cooke 2002; 
Elsworth et al. 2012).  The success of the biocontrol viruses means that populations are no 
longer widespread in large numbers.  As such, control using mechanical and chemical 
methods can achieve long-lasting reductions in rabbit numbers and damage at local 
landscape/property levels.   
 
Current practice still begins with the request or suggestion of a virus release followed by 
mechanical and chemical control.  With four lethal RHDVs circulating naturally in the 
Australian environment, there are few rabbit populations that have not had any exposure 
to at least one of them (Cooke 2002; Elsworth et al. 2012).  This makes rabbit populations 
less susceptible to a virus release as the majority of individuals will have antibodies that 
protect them. Subsequently, the level of control gained with virus release alone is likely to 
be limited.  
 
At our five trial sites, the reduction in rabbits from a deliberate RHDV release ranged from 
7 to 48 percent, with most (four out of the five) below 15 percent.  At two sites, natural 
occurrence of virus activity appeared to reduce numbers by 40 percent (Highfields Site 4) 
and 50 percent (Wallangarra).  In all these instances, rabbit numbers were still locally high 
and would have allowed the populations to recover very quickly.  This was seen at 
Highfields Sites 2 and 3 where there was no removal of breeding harbour. 
 
At Wallangarra and Highfields Site 1 where warren ripping, harbour removal and additional 
shooting to clean up surface rabbits was completed, rabbit numbers have decreased 
dramatically and remained low through two breeding seasons.  At Highfields Site 4 ripping 
and harbour removal have reduced the rabbit numbers to almost zero. With the lack of 
breeding harbour reducing the ability of the population to recover there should be long-
term relief from rabbit impacts. 
 
The success of warren ripping and harbour removal on keeping rabbit populations at low 
levels is well documented (Berman et al. 2011; Edwards et al. 2002; McPhee and Butler 
2010).  The removal of key breeding harbour is the most important part of an integrated 
rabbit control program, yet it is often neglected after a virus release.  This provides 
opportunity for rabbits to recover and breed back up to high levels again.  The message for 
rabbit control needs to change to bring the focus onto breeding harbour removal.  
Biocontrol viruses are already impacting on rabbit populations without the need for re-
introduction except in isolated naïve areas.  Removal of breeding areas by ripping warrens 
and clearing harbour needs to come to the front of the rabbit control toolbox.  RHDV can 
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go to the back of the toolbox as a follow-up biocide to help clean-up remaining rabbits, 
along with shooting and poisoning. 
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ABSTRACT 
 
The Sunshine Coast Regional Council (SCRC) Feral Animal Education and Control team 
has conducted a feral deer monitoring and control program since May 2015.  Monitoring 
consisted of thermal line transect surveys and time lapse cameras.  For thermal surveys 
the SCRC team utilised a vehicle mounted Pulsar HD50 thermal imaging monocular and 
traversed five transects at 10-15 km/h for three consecutive nights with the survey 
conducted three times per year.  Five fixed time lapse cameras were also located in the 
deer control area to provide additional information on the deer population.  These cameras 
were set to record early morning and late afternoon deer sightings with a photograph taken 
every 20 seconds.  The photograph counts were averaged to yield an index of the mean 
daily deer sightings for each month.  Between May 2015 and February 2018, 203 feral 
deer were culled in the Upper Mary River Valley as part of the control program.  Thermal 
line transect monitoring suggests a decline in the number of deer in the monitoring area 
from approximately 7 deer/km2 to approximately 4 deer/km2.  The time-lapse camera 
monitoring also shows a similar decline, suggesting that control is being effective.  The 
monitoring program is integral in evaluating the effectiveness of the control program and 
determining how much control is needed. It is also important to help justify the control 
program and associated costs. 
 
Keywords: control, rusa deer, monitoring, red deer. 
 
 
INTRODUCTION 
 
Like many other Councils on the east coast of Australia, the Sunshine Coast Regional 
Council (SCRC) has a population of feral deer that has the potential to become a serious 
pest problem if left unchecked.  Accordingly, the SCRC Feral Animal Education and 
Control team has been conducting a feral deer control program since May 2015.  The 
efficacy of deer control programs is largely unknown in the Australian context (Davis et al. 
2016). Right at the outset of this control program a monitoring component was developed 
and implemented as recommended by Braysher (1993).  Monitoring deer populations is 
often problematic (Amos et al. 2014, Forsyth et al. 2017) and the complexity is increased 
where deer are located in peri-urban or semi-rural areas as not all census methods can be 
utilised.  The area targeted in the first phase of the SCRC control plan was the Upper Mary 
River Valley where land holdings range in size from small lifestyle blocks to larger rural 
grazing holdings and the main deer species are Rusa (Rusa timorensis) and Red (Cervus 
elaphus). 
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MATERIALS AND METHODS 
 
Thermal transect surveys 
Thermal transect surveys were conducted in April, August and December each year for 
2015, 2016 and 2017 and were replicated for 3 consecutive nights.  Surveys were 
conducted by a two person team driving in a vehicle at approximately 10-15 km/h along 5 
transects that varied from 3.9 to 10.1 km in length.  The observer in the passenger’s seat 
controlled a Pulsar HD50 thermal imaging monocular mounted on a spotlight remote and 
viewed the image via an external screen mounted on the dash of the vehicle.  Data such 
as the deer species, number of deer in a group, distance from the vehicle, estimated 
sighting angle and distance along transect as well as date, observer, and weather 
conditions were recorded for each transect.  The raw data from the thermal transect 
monitoring program was entered into a spreadsheet, with all distances and sighting angles 
transformed into a perpendicular distance.  This data was then analysed in the software 
package Distance 6.0 as line transects.  Density estimates for each season and each 
transect were obtained from pooling the data from all seasons and using a global detection 
function.  Deer densities were estimated from pooled observations of deer species, not by 
individual species. 
 
Time lapse cameras  
 
Five PlotWatcher time lapse trail cameras were positioned to take photographs of open 
areas that deer frequented.  The cameras were set to take a photograph every 20 seconds 
from dawn until 9:00 am and then from 3:00 pm until dusk.  This was autocorrected for 
time of year with a light sensor built into the camera unit.  As the cameras were not reliant 
on a passive infrared trigger, the deer were often captured further from the camera than 
would be normal with other trail cameras.  Photographs were merged into a video using 
software supplied with the cameras to quickly view all images and speed up processing.  
The cameras recorded data 365 days a year and were downloaded monthly.  The number 
of individual deer for each incursion into the camera field of view was recorded.  This data 
yielded an index of the average daily deer sightings for each month. 
 
Deer cull 
 
Deer were culled in the study area within the Upper Mary River Valley between May 2015 
and February 2018.  Most of the culling work was conducted at night on foot under total 
darkness using a Pulsar XD75 riflescope mounted on a rifle to maximise opportunity of 
control.  
 
 
RESULTS 
 
Thermal transect surveys 
 
Thermal raw data 
A total number of 374 field observations of 1740 deer were made during the survey 
comprising of 1,118 Rusa, 451 Red and 1 Fallow deer (Dama dama).  These observations 
were made over 27 nights and 913km of transect surveyed.  The highest average 
observation (average deer/season/pooled transects) was in August 2015 comprising 134 
deer and the lowest average observation was in December 2017 comprising of 30 deer.  
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Thermal density overall  
The final model chosen from the distance analysis had a probability of detection of 0.59 
and an effective strip width of 146 m.  The density results from the analysis displayed 
variability both in season and year.  Overall deer density varied from a high of 10.4 
deer/km2 in August 2015 to a low of 2.7 deer/km2 in December 2017.  A downward trend 
was observed in the overall deer population density estimates (Figure 1.).  
 

 
Figure 1. Overall deer density estimates showing 95% confidence intervals and linear 
trendline. 
 
Thermal deer density by transect. 
The density results for individual thermal monitoring transects varied greatly by transect 
and also from year to year and season to season (Table 1.).  During the survey period the 
EMRR transect showed the highest overall deer densities and also a downward trend in 
deer density whilst the other transects showed little or no trend and great variation. 
 
Table 1. Deer density (deer/km2) estimates by transect. 

Transect Apr15 Aug15 Dec15 Apr16 Aug16 Dec16 Apr17 Aug17 Dec17 

Ahern  1.18 10.96 4.24  1.30   2.95   4.88   3.92 4.99 4.20 

BCrk   2.33   7.23 7.62  0.85   2.34 11.79   3.10 1.97 0.98 

EMRR 11.25 17.44 8.46 13.21 15.79   9.31 10.11 7.62 3.53 

KBR   0.00   3.60 6.64   3.19   1.46   2.67   4.83 2.46 1.82 

Walli   0.00   3.96 1.39    3.91    6.41   4.90    2.13 1.80 0.89 

 
Composition of deer species – thermal survey. 
The composition of deer species were not distributed evenly on the various transects with 
the EMRR transect being dominated by Rusa and the others by Red deer.  The 
composition of deer by transect pooled for all years and seasons is shown in Table 2. 
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Table 2. Species composition by transect from thermal surveys. 

Transect  Species Unsure Red deer Rusa deer 

Ahern 28.2% 51.9% 19.9% 

BCrk 6.1% 93.9% 0.0% 

EMRR 4.8% 4.0% 91.2% 

KBR 6.0% 80.0% 14.0% 

Walli 0.0% 100.0% 0.0% 

Overall Average 9.5% 26.0% 64.5% 

 
Time lapse cameras 
 
The overall trend from pooling all the camera data suggests that deer sightings has 
decreased over the monitoring period (Figure 2).  Monthly trends within the camera data 
are irregular but sightings were greatest in October for all three years. 
 

 
Figure 2. Average daily deer sightings from all fixed cameras August 2015 to December 
2017 showing linear trendline. 
 
Deer cull 
 
Between May 2015 and February 2018 a total of 203 deer were culled as part of this 
program, comprising 111 Rusa, 91 Red, and 1 fallow deer.  From the start of 2016 an 
average of 7.3 deer were culled per month.  Figure 3. shows that the average number of 
deer observed during the thermal surveys fell as culling continued throughout the program.  
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Figure 3. Average deer observed per thermal survey vs deer culled between surveys. 
 
 
DISCUSSION 
 

The efficacy of deer control methods are largely unreported in Australia (Davis et al. 2016), 
but this program is showing early signs of success.  The overall monitoring data shows a 
downward trend in deer numbers during the monitoring period in the survey area.  As the 
overall deer numbers are relatively low, it is not expected that the population density is 
limiting population expansion (Sinclair et al. 2006).  Therefore, in the absence of disease, 
drought or some other external limiting factor the population would be expected to be 
expanding, not contracting (Sinclair et al. 2006).  For example, the rusa deer in Royal 
National Park near Sydney had a mean density of between 16 and 19 deer/km2 in the 
period 1999 to 2001 which is similar to the upper results from the EMRR transect and still 
displayed population growth of 9.6% and 4.2% respectively in 2000 and 2001 (Moriarty 
2004).  The overall results indicate the program is being effective at the local scale in the 
Upper Mary River Valley. 
 
The control program has comprised a sustained effort over the program duration.  It is 
expected that the harvest rate would increase as the efficiency of the control officer peaks 
due to factors such as familiarity with gear, deer habits and the local terrain – and this may 
have occurred during the latter half of 2016.  It is also expected that if deer numbers get 
controlled down to a certain critical number, the harvest rate will fall off as the deer 
become harder to find and harvest (Sinclair et al. 2006).  This does not have appeared to 
have occurred yet. 
 
The line transect method of distance sampling used is very sensitive to observer bias 
(Buckland et al. 2001), but the main observer has remained the same during the program 
for consistency’s sake.  However as both the methodology and the equipment were new to 
the team in April 2015 it is expected that the results for this sampling event could be 
biased low and not wholly representative of the deer density at that point in time. 
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This program stands out as being well organised, well implemented and effective.  Many 
similar control programs do not have a formal monitoring component, which is often 
forgotten but yet forms a crucial aspect of a control program to determine its effectiveness 
(Braysher 1993).  In addition, a formal monitoring component to a control program helps 
justify the existence of the program and associated program costs. 
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ABSTRACT 
 
Feral cats (Felis catus) are notoriously difficult to control using traditional management 
approaches such as baiting, reportedly due to their preference for hunting live prey.  Many 
factors, however, can potentially influence the success of feral cat baiting programs.  As 
baiting efficacy is rarely measured, the factors contributing to low baiting success are often 
assumed, but poorly understood.  We used a combination of camera traps and cat-borne 
GPS collars to measure the efficacy of two feral cat baiting programs at Taunton National 
Park (Scientific) in central Queensland.  We trialled a fresh meat bait (the Queensland 
‘Curiosity 1080 Cat Bait’, ~125 g fresh kangaroo meat, 6 mg 1080) during winter 2016, and 
a chipolata-style meat bait (Eradicat®, ~20g kangaroo mince, chicken fat and flavour 
enhancers, 4.5 mg 1080) during winter 2017.  Track-based ground baiting using Curiosity 
baits was ineffective, with only 11% of collared cats killed and no observed reduction in 
population-level feral cat abundance across the site.  Low track use by cats and rapid 
removal of baits by non-target species contributed to low bait encounter rates by cats.  In 
addition, palatability of baits rapidly declined due to meat-ant infestations and bait 
desiccation.  Aerially deployed Eradicat® baits were more effective, with 40% of collared 
cats killed, and a similar significant reduction in population-level feral cat abundance 
across the site.  The key factors contributing to the observed differences in efficacy were 
compared and evaluated.  We discuss the implications of our findings and recommend 
approaches to improve the efficacy of feral cat baiting programs.   
 
Keywords: Curiosity, Eradicat®, efficacy, Felis catus, Queensland. 
 
 
INTRODUCTION 
 
Reducing the impact of feral cats is a key priority for many conservation and land 
managers, but feral cat populations are notoriously difficult to control.  Baiting is often 
considered one of the most effective approaches for the landscape-scale control of wild 
dogs (Canis familiaris) and foxes (Vulpes vulpes), but it is often ineffective for controlling 
feral cats.  Low baiting success has often been attributed to cats’ preference for hunting 
live prey, however a range of factors could potentially influence the success of feral cat 
baiting programs to varying degrees.  As baiting program efficacy is rarely measured, the 
factors contributing to low baiting success are often assumed, but poorly understood.  
 
For any baiting program to be effective, five requirements need to be met. For each target 
animal, the baits must be: 1) encountered, 2) available, 3) attractive, 4) palatable, and 5) 
toxic.  Accordingly, in order to understand the reasons for low baiting success and identify 
potential opportunities to increase baiting efficacy, each of these five stages need to be 
measured and quantified. 
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We used a combination of camera traps and cat-borne GPS collars to measure the 
efficacy of two different feral cat baiting programs at Taunton National Park (Scientific) in 
central Queensland, and to identify key components that could be improved to increase 
efficacy of future baiting programs. 
 
 
MATERIALS AND METHODS 
 
Study sites 
 
Baiting trials were performed at Taunton National Park (Scientific) (‘TNP’) located in the 
Northern Brigalow Belt bioregion of central Queensland.  Predator control programs are 
undertaken regularly across the 116 km2 park to reduce numbers of wild dogs and feral 
cats that threaten the last naturally occurring wild population of the endangered bridled 
nailtail wallaby (Onychogalea fraenata) (Fisher et al. 2003; Department of Environment 
and Resource Management 2011). 
 
A 120 km2 ‘nil-treatment’ (unbaited) site was also used to monitor any changes unrelated 
to baiting that may occur in feral cat populations and non-target species during the bait 
monitoring period.  The nil-treatment site comprised three adjoining cattle properties 
located approximately 30 km to the north-east of TNP.  No predator control activities were 
undertaken on these properties during the current study.  
 
Baiting trials 
 
We performed two baiting trials at TNP during 2016-2017 to test and compare the efficacy 
of two different cat baits.  Baiting trials were conducted during the dry season each year, 
when activity of non-target and alternative prey species was at an annual low.  Baits were 
deployed across the entire 116 km2 park, however no baits were laid within 2 km buffer 
zones surrounding residences on neighbouring properties, nor within 500 m of the park 
residence (~10 km2 excluded). 
 
Trial 1: ‘Curiosity’ baits 
We deployed the ‘Queensland Curiosity 1080 Feral Cat Bait’ at TNP on 3 August 2016.  
The bait comprised ~125 g of fresh kangaroo meat injected with 6 mg 1080 (sodium 
fluoroacetate).  A total of 776 baits were surface laid along 155 km of tracks that dissected 
the park.  Baits were spaced at 200 m intervals and were concealed in long vegetation or 
under logs or shrubs where possible to minimise removal by non-target species.   
 
Trial 2: ‘Eradicat’ baits 
We deployed the ‘Eradicat®’ feral cat bait at TNP on 26 July 2017.  The ~20 g bait 
comprised a chipolata-style matrix of kangaroo meat, chicken fat, digestives and flavour 
enhancers, injected with 4.5 mg 1080.  A total of 5 530 baits were lightly sprayed with 
permethrin (Coopex®, Bayer) to deter meat ants, and were aerially deployed across the 
park at densities up to 50 baits km-2.  Baits were dropped in groups of five every 200 m 
along flight transects spaced 500 m apart. 
 
Monitoring 
 
GPS collars 
Prior to baiting, a number of feral cats (2016: 9 cats; 2017: 10 cats) were captured and 
fitted with GPS collars (Telemetry Solutions Quantum 4000E).  Collars were programmed 
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to take high frequency fixes (every 15 mins) to monitor cat activity, bait encounter rates 
and mortality for 10-14 days following bait deployment. 
Bait uptake cameras 
For the 2016 Curiosity bait trial, 50 passive infrared heat and motion sensing cameras 
(Reconyx HC600) were deployed to monitor the uptake of 50 individual baits across five 
transects located in different areas of the park. Each 2 km transect consisted of 10 
cameras to monitor 10 consecutive baits at 200 m intervals. Baits were monitored for 14 
days or until the bait had been removed, whichever occurred first. 
 
For the 2017 Eradicat bait trial, 75 passive infrared heat and motion sensing cameras (25 
Reconyx HC600; 50 Ltl Acorn LT5310A) were deployed across three transects to monitor 
the uptake of 75 individual baits. Each 1 km transect consisted of 25 cameras, with 
clusters of five cameras monitoring groups of five baits at 200 m intervals between 
clusters. Baits were monitored for 14 days or until all baits in the cluster had been 
removed, whichever occurred first. 
 
Population monitoring cameras 
Camera traps (Reconyx HC600) were used to monitor changes in feral cat activity and 
abundance indices following baiting.  Camera surveys were performed for 21 nights prior 
to baiting, and a further 21 nights after the 14-day bait monitoring period had lapsed.  For 
each survey, 90 camera traps (both on- and off-tracks) were deployed across the baiting 
site, and a further 90 camera traps across the nil-treatment site. 
 
Chemical residue testing 
Collared cats that died during the 14-day bait monitoring period were retrieved within 48 
hours of death. Stomach, intestine and liver samples were frozen and sent for chemical 
residue testing to confirm whether the cat had consumed a 1080 bait. 
 
Data analysis 
 
Baiting efficacy 
Reduction in the feral cat population following baiting was estimated using a range of 
different measures and indices derived from collared cats and camera surveys, including 
1) proportion of collared cats killed by baits; 2) reduction in naïve feral cat site occupancy 
(MacKenzie et al. 2002); 3) reduction in raw number of cat detections; and 4) reduction in 
the relative abundance of feral cats using the Royle Nichols abundance-induced 
heterogeneity model (Royle and Nichols 2003). 
 
Factors influencing baiting efficacy 
We used a combination of GPS activity and mortality data from collared cats, together with 
images from bait uptake cameras and population monitoring cameras to calculate bait 
encounter rates, availability, attractiveness, palatability and bait toxicity.  
 
 
RESULTS 
 
Trial 1: ‘Curiosity’ baits 
 
Only 11% (1/9) of collared cats were killed during the baiting period after consuming a 
toxic bait within the first 24 hours after baiting. Population-level abundance indices all 
indicated no significant change in the feral cat population across the park. 
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GPS activity data revealed that cats were only active on tracks 4% of the time. Only 16% 
of monitored baits were encountered by cats during the 14-day monitoring period, but 
none were eaten. Baits were rapidly removed by non-target species, with 36% of 
monitored baits removed in the first two days, mostly by corvids. Bait palatability appeared 
to deteriorate rapidly, with meat ants deterring cats from eating baits encountered during 
the first 48 hours, followed by rapid desiccation of baits thereafter (Figure 1). Bait uptake 
plateaued after four days.  
 
Trial 2: ‘Eradicat’ baits 
 
Eradicat baits were more effective than Curiosity, with 40% (4/10) of collared cats killed 
during the 14-day monitoring period. Population-level abundance indices all indicated 
significant reductions (29-38%) in feral cat populations across the park. 
 
Like Curiosity baits, Eradicat® baits were rapidly removed by non-target species, with 37% 
of monitored baits removed in the first 2 days, mostly by corvids. However, higher initial 
bait densities (~50 baits km-2) meant that high bait numbers (>30 baits km-2) were still 
available after two days, and up to 23 baits km-2 were still available after 14 days.  Baits 
appeared to remain palatable longer that Curiosity baits, with collared cats consuming 
baits up to 11 days after deployment, and a steady rate of bait removal from days 1-14. 
 

 

Figure 1.  A feral cat mouthing a 6-day old desiccated Curiosity bait.  After unsuccessfully 
trying to chew it, the cat eventually left without eating the bait. 

DISCUSSION 
 
We found that Curiosity baits were ineffective for feral cat control, with no observed 
reduction in the feral cat population. Eradicat® baits were more effective, yielding a 29-
40% reduction in the feral cat population. 
 
A number of factors contributed to the low baiting success using Curiosity baits, including:  
1) Low bait encounter rates: the observed low cat activity along tracks suggests that the 

likelihood of cats encountering a bait deployed using track-based ground baiting 
programs is low.  This could be improved by deploying baits to off-track parts of the 
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landscape as well as on tracks.  Additionally, increasing bait densities would reduce the 
distance between baits and increase the likelihood of a cat encountering a bait. 

2) Low availability of baits to cats: the rapid removal of baits by non-target species 
reduced the availability of baits to cats.  Increasing bait densities would increase the 
number of baits still available to cats after some are removed by non-target species. 

3) Rapid declines in bait palatability: many baits were infested with meat ants during the 
first 48 hours after baits were laid and became dried and tough thereafter.  Baits 
sprayed with permethrin could deter meat ants, however addressing desiccation of 
fresh meat baits is more challenging and could only be improved by using a different 
bait with a different matrix. 

 
Some of the suggested recommendations could potentially improve the efficacy of 
Curiosity baits for the control of feral cats.  However, under current label conditions, 
changes such as increasing bait densities are not permitted using the Curiosity bait.  To 
address these identified weaknesses and potentially improve baiting efficacy, a different 
bait, such as Eradicat® would need to be used.  We found that Eradicat® addressed all 
the weaknesses identified with the Curiosity bait, and consequently yielded a significant 
reduction in the feral cat population.  Eradicat® can be aerially deployed across the 
landscape, including off-track habitats, thereby increasing the likelihood that cats will 
encounter baits by taking the baits to the cats rather than rely on the cats to come out onto 
tracks to find the baits.  Higher permitted baiting densities (up to 50 baits km-2) further 
increased bait encounter rates, and increased bait availability to cats by reducing the 
effects of bait removal by non-target species, which is a common problem with baiting 
programs (Dundas et al. 2014).  The protective sausage-like skin encapsulating the 
Eradicat® bait helped to prolong bait palatability by reducing desiccation, with collared cats 
still consuming lethal baits up to 11 days after baits were laid. 
 
Our study highlights the importance of understanding the reasons for control program 
failure.  Only when the factors contributing to failure are known can opportunities for 
improvement be identified and addressed, thereby improving the outcomes of pest animal 
control programs. 
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ABSTRACT 
 

An infestation of yellow crazy ants (Anoplolepis gracilipes) in Tropical North Queensland 
represents a direct threat to the Wet Tropics World Heritage Area, the local economy and 
the health and lifestyle of residents.  Since 2013, the Wet Tropics Management Authority 
(the Authority) has led a program to eradicate this invasive pest. Success of the Authority’s 
Yellow Crazy Ant Eradication Program (the Eradication Program) is largely due to 
community engagement and education. People were motivated to participate by a range of 
incentives or ‘carrots’. Attracted by the benefits of an effective, overarching and 
coordinated eradication program, many people participated because of their strong 
emotional attachment to their lands and the Wet Tropics environment.  Industries and 
landholders also motivated by the positive socio-economic impacts on their businesses 
and lifestyles. 
 
Keywords: Invasive ants, World Heritage Area, Eradication, Community, Collaboration, 
Engagement 
 
 
INTRODUCTION 
 
The Wet Tropics Management Authority’s Yellow Crazy Ant Eradication Program has built 
its success on community engagement and participation.  The Wet Tropics community 
supported the Eradication Program through volunteering, participating in community 
education, providing in-kind support and driving campaigns for funding.  Through this, local 
champions have emerged, who rallied their community sectors and industry to support the 
Eradication Program.  The Authority, in turn, fostered and welcomed community 
participation proving that this inclusive approach has created trusting and productive 
relationships.  
 
This paper looks at the benefits of the ‘carrot’ - rewards and positive incentives for 
stakeholders to work with the program. This approach is in contrast with the traditional 
‘stick’ - that is the enforcement of government legislation.  The Authority’s experience 
demonstrates positive incentives have been effective in achieving program outcomes. 
 
Several major motivational incentives, “carrots”, for the Wet Tropics community: 

 A holistic and inclusive Eradication Program provided a functional, overarching 

structure to address the yellow crazy ant infestation.   

 Many people living within the Wet Tropics region have a strong attachment to their 

lands, a sense of place and an environmental ethos.   
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 Socio-economic benefits to local industry, landholders and residents from the 

eradication of yellow crazy ants. Impacts of yellow crazy ants can be expensive and 

severely reduce residences’ quality of life.   

Overall, the Eradication Program has empowered the community to work together to 
accomplish positive outcomes.  It embraced community champions and benefited from 
their drive and ability to draw on the resources of their local communities. 
 
THE ERADICATION PROGRAM 
 
Yellow crazy ants are on the list as one of the world’s 100 worst invasive species by the 
International Union for Conservation of Nature (IUCN) and the Global Invasive Species 
Database (Lowe et al. 2000).  Infestations of yellow crazy ants in the Wet Tropics are a 
direct threat to the rich biodiversity and ecological integrity of the World Heritage Area and 
surrounds.  Swarming in their thousands yellow crazy ants aggressively kill small animals 
by spraying formic acid. They can also impact industries such as agriculture, tourism and 
housing development.  In dense infestations, yellow crazy ants have invaded suburban 
houses and gardens making outdoor life unpleasant, affecting electrical equipment and 
posing a threat to the health of pets and humans.  
 
Yellow crazy ants were first detected in Cairns in 2001, the Queensland Government 
began an eradication program.  However, funding was sporadic and arguably inadequate.  
In 2012, following several other infestations across the State, the Queensland Government 
determined state-wide eradication was no longer feasible with the resources available and 
funding ceased.  At the end of 2012, known infestations south of Cairns covered about 400 
ha, about 30 ha within the World Heritage Area.  With the Australian Government funding, 
of $2 million over 5 years, the Wet Tropics Management Authority established the Yellow 
Crazy Ant Eradication Program in 2013. Following a community driven campaign in 2016, 
the Authority received a further $10.5 million over three years.  Funding from the National 
Landcare Program and the Queensland Government enabled the current expansion of the 
Eradication Program as part of a proposed ten-year plan. 
 
YELLOW CRAZY ANT COMMUNITY TASKFORCE 
 
A case study of the Kuranda Community Taskforce identifies three major incentives that 
motivated the local community to spearhead the eradication of yellow crazy ants from 
Russett Park. 
 
The Taskforce, a collaboration between the local community and the Authority,  - formed 
when a local community champion mobilised affected residents and the Kuranda 
community.  Access to the resources of the existing Eradication Program provided the 
Taskforce with equipment, training and expertise. The Authority worked with the Australian 
Pesticides and Veterinary Medicines Authority (APVMA) to modify permits to enable 
taskforce volunteers to apply pesticides that had previously been, unavailable to residents.  
In return, the Taskforce raised community awareness and provided over 100 volunteers.  
They helped undertake regular surveys as well as monitor and treat the Russett Park 
infestation.  Members of the taskforce were also instrumental in crowdsourcing over 
$20,000 for research and monitoring activities and supported the campaign for ongoing 
funding. 
 
The Taskforce drew on a range of volunteers who were strongly motivated towards 
environmental protection and caring for their country.  Collaboration between the Authority 
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and Kuranda Envirocare provided the Taskforce with the means to seek and administer 
funding.  As Taskforce members, the Traditional Custodians of the Kuranda area - the 
Djabugay Aboriginal people - promoted the eradication of yellow crazy ants for the health 
of their country. 
Residents of Russett Park and the Kuranda community were also motivated by socio-
economic benefits, specifically the boost to their lifestyles from the reduction of the impacts 
of yellow crazy ants. Djabugay’s Bulmba Rangers and a Taskforce Coordinator were 
employed as part of the Eradication Program.  As the Eradication Program expanded the 
Taskforce transferred their energies to manufacturing sticky traps for yellow crazy ant 
detection and assisting residents to update yellow crazy ant management plans. 
 
 
THE SUGAR INDUSTRY 
 

The sugar industry - primarily the MSF Sugar Mulgrave Mill and its employees as well as 

affected farmers - has enthusiastically collaborated with the Eradication Program. This 

relationship developed as yellow crazy ant infestations were increasingly detected in sugar 

cane and it became apparent that ants were being moved within sugar growing areas. The 

Authority identified this movement as a significant risk to the program and took active 

steps to engage with the industry through field days, education and collaborating on 

machinery movement protocols.  The industry recognised that yellow crazy ants, 

particularly in dense infestations, could adversely affect cane production through growth of 

sooty mould and drying out of cane root systems. The Eradication Program continues to 

provide educational information about the potential impacts of yellow crazy ants on the 

sugar industry and works with them to prevent further spread. While aware of their 

biosecurity obligations, both the sugar industry and the Mill have strong incentives to 

collaborate with the Authority’s Eradication Program, which has permits for AntOff® 

(0.01g/kg fipronil) insecticide and the ability to work across multiple tenures.  

 

Even if farmers could access the effective bait to manage the ants on their own properties, 
there would be reinvasions from persistent populations, in surrounding areas and a 
continued financial burden from chemical use and the costs associated with spraying and 
the potential impact on their crop yields. Therefore, a strong incentive exists within the 
industry to collaborate with the Authority’s coordinated Eradication Program which has 
relevant permits for AntOff (0.01 g/kg fipronil) insecticide and the ability to work across 
multiple tenures. 
 
The spread of yellow crazy ants throughout the Mill’s catchment also has the potential to 
reduce crop yields. Lower production could result in the Mill becoming financially unviable.  
Closure of the Mill would burden local growers as they would have to absorb the costs of 
shipping their crops further afield to the next closest mills. Cane growers are usually long-
term residents. Their families have been in the area for generations and possess a strong 
sense of place and connection to the local area.  It was a landowner and sugar worker in 
the southern Cairns area that championed the sugar industry’s initial involvement in the 
program; inspired not only by the impact that yellow crazy ants were having on his 
household and local cane production, but also by the environmental impacts on adjacent 
bush areas.  
 
The sugar industry is working closely with the Authority to identify further yellow crazy ant 
infestations and vectors for spread. They are keen to promote protocols for movement and 
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wash-down of cane machinery and educate and train their own staff, all without any need 
to enforce Biosecurity legislation. 
 
 
 
THE FUTURE OF THE PROGRAM 
 
The Eradication Program is seeking funds to continue the program beyond June 2019.  An 
independent review (Spring and Kompas 2018) concluded that eradication was feasible, 
however identified the significant risks to the program from human assisted movement of 
yellow crazy ants and the potential failure of treatment methods to remove all individuals 
from a known infestation (e.g. treatment and detection failures in low densities).  A cost 
benefit analysis over the next 30 years shows that eradication is almost 180 times cheaper 
than allowing the uncontrolled spread of yellow crazy ants (Spring et al. 2019). 
 
 
Future COMMUNITY MOBILISATION  
 
The roles of community and industry in the Eradication Program have changed according 
to funding and as the program has matured.  From 2013 to the end of 2016, funding was 
inadequate for the scale of effort required to eradicate yellow crazy ants from the Wet 
Tropics area.  Contributions of community champions, volunteers and in-kind support 
enabled the Eradication Program to function on limited funds and the combined efforts of 
the Authority and community champions contributed to securing additional funding in 2016.  
 
With increased resources, the Program has continued to foster community support and 
participation, however many of the previously voluntary roles are now performed by paid 
employees who, due to more consistent training, are proving to be more effective, 
particularly for the demanding roles of monitoring and treatment.  Volunteers continue to 
play an important role in education, engaging the wider community, and providing support 
to the monitoring and treatment program. 
 
The success of the Eradication Program in dramatically reducing yellow crazy numbers 
has reduced community concern and interest.  It is increasingly difficult for the community 
to understand what swarms of yellow crazy ants can look like and how they can impact the 
environment, agriculture and domestic lifestyles when density is so low.  
 
Now, in addition to seeking further funding to continue the Eradication Program’s success 
the Authority needs to intensify its engagement and continue to build capacity within the 
community.  Capacity building would include identification capabilities, as well as 
awareness of movement risks, early reporting, and voluntary participation. A local 
community both knowledgeable about the impacts of yellow crazy ants and motivated to 
participate is essential for the eradication of the ants.  
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ABSTRACT  
 
With the continuous growth of the Gold Coast’s council conservation estates and the 
introduction of the Biosecurity Act 2014, Council committed to actively managing our 
unique and biodiverse landscape with an intensive pest animal management program.  
Urban encroachment on the Gold Coast, like any other city, increases pressure on wildlife 
communities and ultimately causes abundance and spatial changes to local populations.  
As significant social, economic and environmental impacts became evident, a shift from 
reactive control programs to a more proactive approach was imminent. 
 
Combining surveys using camera traps, direct evidence of wild dog (Canis lupus familiaris) 
and fox (Vulpes vulpes) activity and previous capture data, Pest Animal Management 
Officers (PAMO’s) developed monitoring and control programs at a landscape level.  From 
late 2013 to 2018 approximately 100 wild dogs and 290 foxes have been caught in Gold 
Coast conservation estates within the trapping program.  Trapping and monitoring data 
have assisted us in determining wildlife, predator, human and domestic animal activity 
levels.   
 
Several challenges arise for PAMO’s working in a peri-urban environment, from illegal 
access, equipment vandalism and theft to various and challenging community attitudes to 
pest animal management.  This presentation will provide results and analysis from a 
landscape scale management program, giving consideration to several limitations within 
the Gold Coast’s peri-urban environment. 
 
Keywords: wild dog, fox, trapping, peri-urban, clusters, City of Gold Coast. 
 
INTRODUCTION 
 
Understanding pest animal ecology in peri-urban environments is invaluable in effectively 
managing invasive species.  In contrast to rural and remote areas, wild dogs and fox 
ecology differs significantly where they will often inhabit and utilise disturbed and highly 
fragmented areas.  Council receives numerous complaints and sightings regarding wild 
dogs and foxes from residents within the city.  Together with the introduction of the 
Biosecurity Act 2014 and the City’s ecologically diverse landscape, more intensive pest 
animal management programs were required. 
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Our involvement in the Peri-urban Wild Dog Project with Biosecurity Queensland assisted 
with incorporating research findings into pest animal management operations on the Gold 
Coast.  Preliminary research data from Allen et al. (2013) found an average home range of 
approximately 17km2 and average distances of approximately 7km travelled daily. GPS 
data specifically from the Gold Coast wild dogs identified a mean daily distance travelled of 
approximately 6km and average home range of 22km (McNeill et al. 2016).  Collared dogs 
were also often found to be travelling through residential properties and in close proximity 
to houses (Allen et al. 2013).  Fox tracking data from Carter et al. (2012) in semi urban 
Victoria identifies the size of home ranges of between 2-210ha, habitat and resource-
dependent.  These findings in combination with initial observations from GPS collared 
dogs on the Gold Coast indicated a landscape-scale approach to control programs was a 
priority.  Therefore, in late 2013 a wild dog and fox management program was developed 
and implemented, with a focus on high conservation value habitat and known activity 
hotspots.  Monitoring cameras were systematically introduced into conservation estates 
citywide in 2018 to compliment control programs.  This allows us to gain a better insight 
into activity levels seasonally and long-term and also assist in prioritizing control programs 
into the future.   
 
METHODS 
 
Trapping sessions were scheduled throughout a series of Council conservation estates 
that were accessible by vehicle and identified regular wild dog and fox activity throughout 
the City.  From previous capture and monitoring activities, nine trapping area clusters were 
identified with between 2 and 6 sections of conservation estate, separated by other land 
tenure, aiming to maximise the success of the program at a landscape level.  On average, 
20 leg-hold traps were laid for a 10 day fortnight in each area.  Trapping areas were 
rotated throughout the year, excluding school holiday periods.  The extent of each section 
in the cluster was closed to the public during the program to minimise trapping area 
disturbance and risk to the public.  Traps were set on fire trails and accessible tracks, often 
on ridgelines and/or trail junctions or where activity had been observed.  Due to the 
varying wind directions on ridgelines and through gully areas, traps were often laid on both 
sides of the track to maximise the chance of a capture.  Both wild dogs and foxes were 
targeted in each program with a variety of scent lures and predator scats in combination 
with urine.  Additional lures were used on each trap set after one week.  Traps were 
checked every morning for the control period and reset after each capture or if a trap had 
been set off. 
 
Monitoring cameras were used where possible for approximately six weeks, at two weeks 
before trapping commenced through until two weeks after traps had been pulled.  Images 
were processed to identify target and non-target animal presence and monitor illegal 
access.  However, camera monitoring during this program was not standardised and 
therefore images are not analysed.  Through monitoring activities, the identification of 
scent marking locations, trail junctions, ridge lines and predicted wind direction determined 
trap placement.  The citywide monitoring camera program implemented in 2018 introduced 
40 cameras in conservation estates across the City for 28 days each quarter, i.e. 
February, May, August and November.  Preliminary analysis was done for wild dog and 
fox events with the images captured through each quarterly period.  The number of events 
were identified by counting each animal (if identifiable) once in a five-minute period.  The 
results of the wild dog and fox captures are summarized below.  Trends associated with 
seasonal variability, activity levels, capture rates and trapping effort were identified and 
discussed.   
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RESULTS 
 
Trapping data was collected from 2013 onwards.  The total number of recorded captures 
within each cluster until December 2018 was 100 wild dogs and 289 foxes shown in Table 
1 below.  
  
 
Table 1. Trapping effort, area cluster size and the total number of wild dogs and foxes 
captured between 2013 and 2018. 

Trapping Area Cluster 
Traps 
laid 

Trapping 
Effort 

No. 
sections Cluster size (ha) 

Wild 
Dogs Foxes 

Total 
Captures 

1 - Pimpama 213 2557 2 731 6 61 67 

2 - Lower Beechmont 267 2742 3 1133 11 31 42 

3 - Eagle Heights 265 2273 4 698 15 65 80 

4 - Wongawallan 316 3419 6 916 26 46 72 

5 - Bonogin 166 1649 3 1128 10 24 34 

6 - Tallebudgera 161 2565 4 153 18 35 53 

7 - Numinbah Valley 157 1392 2 673 10 8 18 

8 - Austinville 75 777 2 620 2 10 12 

9 - Springbrook 97 857 3 292 2 9 11 

Total 1717 18231 29 6344 100 289 389 

 
The total trapping effort for each area was calculated using the number of traps laid and 
the number of nights that the traps were active (Table 1).  As Area 8 (Austinville) and Area 
9 (Springbrook) were added to the program in 2015 and the clusters are smaller, the 
trapping effort is expected to be significantly lower than the remaining clusters and was 
found to be <1000.  The Wongawallan cluster had the most trapping effort throughout the 
program nearing 3500 trap nights.  Table 1 also identifies Areas 1, 2, 3 and 6 had a 
considerably greater trapping effort of between 2000 and 3000.  Using the capture results 
from Table 1 and trapping effort data recorded, the Pimpama and Eagle Heights clusters 
have had higher capture success rates of 0.023% and 0.032% respectively, with Lower 
Beechmont at the lowest rate at 0.012%.   
 
Over the five-year program period an average of 20 wild dogs and 57 foxes were trapped 
per year on council estate.  Nine trapping clusters show varying results for both target 
species with the majority of captures within Pimpama, Eagle Heights and Wongawallan 
clusters.  Each cluster also differed in size due the extent of council owned land, the 
accessible trail network and the ability for PAMO’s to check all traps within the cluster 
within an appropriate time frame in the mornings.  Clusters 1 to 9 vary significantly in size 
between 153ha -1133ha with an average of approximately 700ha.  Where the number of 
sections in a cluster was increased, higher capture rates were also observed.  The 
Pimpama cluster was the only exception comprising of only two sections and a total of 67 
captures.  Austinville and Springbrook clusters had the least captures with a total of 12 and 
11 respectively.  Although this is more likely attributed to the difference in trapping effort 
associated within each trapping cluster identified above in Table 1 and that the two areas 
were added to the program from 2015 onwards.  The largest clusters, Lower Beechmont 
(1133ha) and Bonogin (1128ha) recorded less captures than smaller clusters, particularly 
Eagle Heights and Wongawallan clusters.  Each cluster showed varying ratios of wild dog 
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to fox captures with an overall average of one wild dog to three foxes.  Numinbah Valley 
was the only outlier where 10 wild dogs and eight foxes were caught.  Approximately 13% 
of wild dog and foxes were captured in the same trap as a previous target capture in the 
same trapping session. 
 
The distribution of wild dog and fox captures by month is shown below in Figures 1 and 2. 
 

 
Figure 1. Total wild dog captures for each month between 2013 and 2018. 
 

 
Figure 2. Total fox captures for each month between 2013 and 2018. 
 
Capture rates varied significantly month to month for both target species.  We identified 
March, May, June, July and November as the highest success for wild dog captures from 
throughout the program.  For January, April, August, September and December the 
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number of captures are the lowest.  Results were similar for foxes below in Figure 3 with 
May, June, July and November the most successful for fox captures.   
 
The citywide camera monitoring program in 2018 showed significant differences between 
each quarter.  The number of events for both wild dogs and foxes increased from the first 
quarter (February) into the second quarter (May) shown in the preliminary data below in 
Figure 3.  

 
Figure 3. Citywide monitoring camera events for wild dogs and foxes in 2018 across 40 
cameras.  
 
The third quarter (August) had the least number of events, increasing marginally into the 
fourth quarter (November).  This pattern is comparable to both species capture rates 
during those periods throughout the program.  Camera images showed a maximum of four 
wild dogs in one event, including three sub-adults.  A maximum of four adult wild dogs 
were captured on camera during one event.  Fox images captured two foxes in one event 
on only a couple of occasions.  
 
DISCUSSION 
 
An average of 20 wild dogs and 57 foxes per year could be considered low in comparison 
to capture rates in a rural environment.  This would be largely attributed to severe 
fragmentation, on-going loss of habitat and available land to implement control programs.  
The above results identify that over the five-year period of the program capture success 
varied annually, seasonally and between clusters.  Several reasons attribute to this 
including school holiday periods where no trapping occurred, wet weather which made 
tracks inaccessible and illegal access leading to disturbance in control areas.  Both wild 
dog and fox captures correspond to expected activity levels between the months of 
autumn for denning, winter for breeding and summer when the young are emerging from 
the den (DAF, 2016 & Gentle et al. 2017).   
 
The data identifies that cluster area size does not necessarily affect the number of 
captures.  However, increasing cluster size by the number of sections seemed to positively 
affect total captures overall.  Therefore, maximising cluster areas has some benefit in 
increasing capture rates.  Extending the trapping sessions into a sequential fortnight 
reduced the time required to pick up and reset traps from week to week and allowed for 
three additional traps nights over the weekend.  Varying numbers of traps were laid each 
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fortnight session depending on track accessibility, wet weather and cluster area size.  A 
considerable amount of repeat captures (in the same trap), at 13%, during the fortnight 
showed it is worthwhile resetting after captures.   
 
Quarterly monitoring camera events show the highest activity for both wild dogs and foxes 
was during the second quarter in May.  This period also represents the beginning of the 
breeding season for both species.  This period was also significant for captures, therefore 
setting a priority for more intensive programs at this time of year.  There is no current 
evidence of large packs of wild dogs within the City which may be attributed to significant 
changes in the landscape, particularly habitat loss and successful control programs.  
Implementing the citywide monitoring cameras quarterly adds value in identifying 
presence/absence and differences in activity between areas and seasons for wild dogs 
and foxes within conservation estates.   
 
CONCLUSION 
 
At times trapping sessions were restricted or limited due to conflicts in other works within 
the conservation estate, e.g. hazard reduction burns, track maintenance, wet weather and 
illegal access.  The above challenges are on-going and often restrict our ability to conduct 
effective control programs.  Given recent changes in legislation and utilising additional 
control methods, expanding baiting programs will complement trapping programs and 
maximise overall management program efficiency.  
 
Fluctuations in capture rates over time can be difficult to conclude due to limitations to 
trapping sessions from the above factors and seasonal changes.  However, capture and 
monitoring data identify seasonal differences when control programs can be prioritised.  
Regular evaluation of programs can be used to identify typical seasonal influences 
including weather and mating and breeding behaviour, wild dog pack size, rate of 
migration post-control and regular movement corridors.  Regular monitoring is crucial in 
evaluating control programs and operational planning for the future.  On-going research 
and data analysis is essential in maximising success for pest animal management 
programs.   
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PESTS, PARTNERSHIPS AND PEOPLE POWER ON THE WESTERN 
DOWNS 

 

Carissa Hallinan 
 Western Downs Regional Council 

 
 
SUMMARY 
 
Pest animal management is an ongoing frustration and challenge to land managers.  
Significant resources are being invested to combat the enormity of damage they inflict on 
our environmental assets, to our agricultural industries and to the viability of local and 
regional communities. 
 
Western Downs Regional Council strongly believes that collaborative, coordinated and 
strategic natural resource management combined with the latest technology and data 
achieves healthy environments, increased production and profitability and more resilient 
communities. 
   
Through partnerships, strategic planning, coordinated programs and an established 
vertebrate pest monitoring program, Western Downs Regional Council and landholders 
have significantly reduced wild dog and feral pig populations and the impact they have on 
agriculture and the environment.   
 
Coordinated Pest management, involving over 500 landholders and covering an area 
greater than 1,000,000 hectares has delivered the destruction of more than 27,000 Feral 
Pigs and 6,724 Wild Dogs since 2014. Council can conservatively estimate that the 
removal of this number of Feral Pigs from the environment equates to a $2.3 million return 
of lost production back to the Agricultural sector within our region. 
 
Through collaboration, coordination and commitment by all stakeholders Councils 
vertebrate pest monitoring data indicates a 66.49% reduction in wild dog activity and a 
67.04% decline in feral pig activity across the region.   
 
The continued collaboration and coordination of control programs and the ability to monitor 
and record pest activity across the region are the key to delivering measurable and 
effective results in pest management within the Western Downs Regional Council area.  
 
Keywords: coordinated, collaboration, vertebrate pest, monitoring. 
 
 
COORDINATED PEST MANAGEMENT 
 

https://www.pestsmart.org.au/wp-content/uploads/2018/02/Pestsmart_Peri-Urban-Wild-Dogs_Report.pdf
https://www.pestsmart.org.au/wp-content/uploads/2018/02/Pestsmart_Peri-Urban-Wild-Dogs_Report.pdf
https://www.pestsmart.org.au/wp-content/uploads/2018/02/Pestsmart_Peri-Urban-Wild-Dogs_Report.pdf
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Western Downs Regional Council pest management programs are fundamentally based 
on two initiatives: 

1. The delivery of coordinated pest control activities through the development of 

landholder Pest Management Groups 

2. The implementation of a vertebrate pest monitoring program. 

 
Coordinated pest control and pest management groups. Pests, partnerships and people 
power best describes Western Downs Regional Councils approach to pest management.  
Self-motivated and coordinated groups of landholders and managers, supported by 
Council, NRM groups and Industry has been heavily recognised as the fundamental way 
forward in achieving pest management outcomes.   
The establishment of pest management groups and the implementation of coordinated 
aerial shooting programs has been successfully supported within the Western Downs 
region since 2014.   
 
During the initial programs over 11,000 pigs were destroyed through 2 coordinated aerial 
shoot programs across four targeted regions of Moonie, The Gums, Inglestone and 
Meandarra/Hannaford/Condamine. Landholder participation was paramount to the 
success with over 130 landholders involved across an area greater than 350,000 hectares.   
 
Through collaboration, coordination and commitment by all partners an 86% population 
knockdown was achieved through this program. These results far exceeded our 
expectations and saw the continuation and further development of similar programs and 
groups across the Western Downs.  
 

 
Figure 1. Monitoring results achieved through first program 2014/2015. 

 
Since 2014, Council has facilitated and supported the establishment of 12 landholder pest 
groups across the Western Downs Regional Council area to ensure the continuation of 
coordinated pest management.  The delivery of a recent program targeting feral pigs and 
wild dogs has thus far achieved the destruction of 9562 feral pigs and 604 wild dogs 
through aerial shooting and wild dog trapping across an area greater than 860,000 
hectares, involving over 550 landholders. 
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Through these targeted pest management groups Council has been able to facilitate the 
delivery of coordinated and strategic on-ground, impact-based pest programs across the 
Western Downs.   
 
Coordinated programs, including aerial shooting, trapping and 1080 baiting, has 
successfully seen the destruction of more than 28,000 feral pigs and 6900 wild dogs 
across established pest groups and the wider community.  Over 500 landholders have 
planned and collaborated, with the support of Council, across more than 1 million hectares 
to achieve these results;   an exceptional effort and commitment by all. 
 

 
Figure 2.  Pest Management Groups within WDRC 

 

 
Pest management groups now drive local government programs rather than the other way 
round.  Greater collaboration between Landholders and local government with coordinated 
control and pest monitoring programs has achieved not only an impact on pest populations 
but it has been achieved at a lower cost as well. Coupled with the reduced loss in 
production for landholders' due to pest impact means financial pressures during the tough 
times are significantly lessoned.  
 
Vertebrate Pest Monitoring Program 
Longevity and the extension of pest control programs is fundamentally based on 
demonstrating what can be achieved 'locally' and how to achieve them at a lower cost with 
on-going 'informational' support.  Western Downs Regional Council has been developing 
and improving a vertebrate pest monitoring program through the use of motion cameras 
since 2014.   
   
The aim of the program is to monitor pest activity indices and populations to better 
evaluate our control programs. The process includes establishing monitoring cameras in 
the field on a rough 20km grid pattern.  The images taken from the sites are sent to a 
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central website for hosting and then the raw data is entered into numerical format so that 
population activity indices can be graphed and the impacts of control programs such as 
aerial shooting, contracted trapping and 1080 baiting can be evaluated. 
 
The success and continuation of our past and current projects (in particular - the feral pig 
control programs) has been through Councils partnerships and monitoring.  The ability to 
demonstrate localised impacts and achievements through control activities is absolutely 
fundamental to any programs success.  Council has made it a priority to continue the 
establishment of a region wide vertebrate pest monitoring program.  
 

 
Figure 3. Current VPMP camera installation 

 

Currently, there are over 20 cameras installed across the region with another 20 to be 
deployed by May for the completion of phase 2 of the program. Upon completion around 
1.8 million hectares will be included within the vertebrate pest monitoring program, 
providing valuable pest activity indices information that will be representative of the region.  
The graphs below illustrate the preliminary results for feral pig and wild dog Activity and 
trends for 2018. Population trends indicate a 66.49% reduction in wild dog activity and a 
67.04% decline in feral pig activity across the region.  
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Figure 4. Wild dog and feral pig Activity Indices for 2018 
 

More traditional methods of data collection have also been utilised throughout our 
programs to determine impact and effectiveness of coordinated control activities.  These 
have included simple aerial shoot counts for destroyed pests and track log maps. 
 
 Table 1. Aerial shoot results achieved through recent funded control project. 

Pest management group Feral pigs destroyed Wild dogs destroyed 

Condamine West 1,567 13 
Guluguba 180  
Moonie 722  
Inglestone 359  
The Gums 907  
Meandarra 4,560 13 
Wambo 936 18 
Jandowae North 331 4 
   
Total 9,562 48 
   
Total hectares 860,872   

Total Participants 512  
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Figure 5. Track Log map for recent aerial shoot programs conducted by pest management 
groups 

 
This information, overlaid with the timing of control activities, enables the evaluation of 
pest impact and forges the way for improved communication with pest groups and the 
development of strategies for pest animal management. 
 
The figures and data derived from this monitoring are core to Council leveraging external 
funding, evaluating programs and targeting control to where it is needed most in the 
community. 
 
 
CONCLUSION 
 
Coordinated Control techniques for pest animal management have been identified as best 
practice for many years.  The challenges have been engaging the whole community and 
being able to measure the outcomes.  Western Downs Regional Council's Pest 
Management Program is unique because it has successfully dealt with those challenging 
issues by: 
 

• Addressing the human dimensions associated with feral animal management by 

working with land managers to build their understanding and capacity through direct 

demonstration and ongoing support. 

 

• Establishing strong partnerships between agency and community that facilitated 

meaningful ownership of the issues feral animals cause, recognition of the various 
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stakeholder opinions, constructive management approaches and ownership of on-

ground monitoring and management activities into the future. 

 

• Establishing and maintaining camera monitoring sites throughout the region in order 

to determine pre and post-activity population data.  Western Downs Regional 

Council is the first Council to take the initiative and set up permanent monitoring 

sites in order to benchmark pest animal population activity. 

 

• The removal of over 28,000 feral pigs and 6,900 wild dogs across 1 million 

hectares, involving over 500 landholders, resulting in an estimated $2.3 million 

return of lost production to the community. The results speak for themselves. 

 

The question asked by all Local Governments is 'Are our programs effective and do they 
offer long-term sustainability?' Western Downs Regional Council's Pest Management 
program clearly demonstrates that through the formation of partnerships, connecting with 
people, demonstrating best practice and making monitoring a priority, we can make a 
difference. 
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WHAT REALLY GOES ON OUT THERE? MONITORING PEST ANIMALS 
OVER A LANDSCAPE SCALE 

 

Chris Gaschk 
 Western Downs Regional Council 

 
 
SUMMARY 
 
If the definition of insanity is doing something repeatedly expecting a different result, then 
what defines doing something repeatedly yet never knowing the actual results?  Too often 
in pest management, the evaluation of the success or failure of control campaigns comes 
from the kill sheet or the amount of effort put in.  Although this data is usually easily 
accessible, it can also be highly biased and misleads the evaluation process.  
 
It was this lack of understanding and inability to effectively evaluate its pest management 
program that lead Western Downs Regional Council to develop a long term regional pest 
monitoring program.  In its 5th year of consecutive operation, the implementation of such a 
project over a regional a scale comes at a cost, both logistically and financially, and has 
been challenging with limited resources.  Advancements in technology (from the hardware 
in the field, to the software at the desktop, and everything in between) poses an 
opportunity of overcoming many of the barriers that impeded land managers from 
gathering relevant, timely and accurate raw data, and converting it into the data analytics 
we require to make informed decisions. 
 
Western Downs Regional Councils Vertebrate Pest Monitoring Program, which started as 
a pilot project in 2014 with only 10 trail cameras, now represents some 2 million hectares, 
transferring 45,000 images a month, which generates pest activity indices in near real 
time. Long term, the capture and analysis of this data will identify pest activity base-lines, 
represent changes after control events and identify hotspots throughout the region. 
    
Keywords: Neural networks, machine learning, trail cameras, monitoring, pest activity. 
 
Need for monitoring 
 
Extensive resources are spent on pest and weed management throughout the state and 
nation, yet to date little is ever spent on evaluating such programs. Whether it is head in 
the sand mentality or the hurdle of overcoming the barriers to collect such data, if we 
intend on achieving meaningful biosecurity outcomes, then monitoring and evaluation of 
programs is a step we cannot overlook.  
 
Whilst most external funding streams require monitoring as a project component, in the 
past, most funding assessors have settled for data such as: animals destroyed, hectares 
covered, or amount of product used. In extreme cases those delivering the project may 
have even asked participants to fill in a survey. The relevance or the bias in such data 
collection and use in evaluation severely hamstrings programs from ever improving or 
diminishing its ability to reduce biosecurity impacts. Effectively, this constitutes throwing 
large sums of dollars into the abyss that is pest management without ever knowing if it hits 
the mark.  
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It was this inability to monitor and evaluate through unbiased means that lead to the 
commencement of a pilot monitoring project in 2014. Five years ago, the capacity to 
effectively capture pest data was limited by remoteness of the sample area and the 
mammoth task of converting the raw data captured into timely and meaningful data 
analytics.  
 
Pilot project 
 
With a limited budget, Council purchased 10 UWAY VH200 black flash cameras.  The aim 
was to sample two large mixed farming enterprises to identify whether there was any 
statistical difference in two differing approaches to wild dog management.  The properties 
were near identical in enterprise, landscape type, vegetation type and size.  The only 
differences were that one undertook regular coordinated wild dog control, while the other 
had a more ad-hoc opportunistic approach.  The aim of the sampling was to identify if, long 
term, there was any statistical difference in wild dog activity over the two properties. 
 
Cameras were placed permanently on watering points to increase chance of capture, sites 
were selected to give adequate representation of each property and camera settings and 
placement were identical to limit bias.  
 
From the data, monthly activity indices (count/time) would be generated for each camera 
and an average for each property.  
 
It quickly became apparent that the collection, data entry, classification and analytics of 10 
cameras was heavily resource dependent.  Despite this being the case, the value of such 
data on not only wild dog activity but other vertebrate pest activity was realised.  The 
original hypothesis was never conclusively rejected or confirmed, which is likely due to the 
comparatively small sampling footprint of each property (4000ha) compared to the range 
of wild dogs.  Recruitment and re-infestation over this scale would also be immediate.  
 
The pilot project did identify one thing however: the need for regional representation of 
data collection was critically important, even though the demands on managing 10 
cameras over 8000ha were already significant. The barriers to implementing such a 
project over 3.8 million hectares on current methods was unjustifiable. Technology 
adoption and innovation, however, was a mechanism to overcome such barriers, so a 
regionally represented monitoring project was commenced in January 2018. 
 
Sampling design 
 
A sampling design of 82 cameras placed out on 20km grid pattern throughout Western 
Downs would provide a starting point for regionally representative data. Within the 20km 
grid, camera sites would be selected within 7.5km radius of the grid point. The aim would 
be to select a site on a dam or water trough that would be conducive to capturing primarily 
feral pig or wild dog activity. Site selection was usually negotiated with the landholders.  
All cameras would be mounted 3m off the ground and 8m back off the focus area, using a 
solar panel unit and a 12 volt battery that could run the camera indefinitely in normal 
weather conditions.  
 
Cameras would be at a minimum 3G capable (Swift 3G, Enduro 3G and Enduro 4G),  with 
data being transferred over the network via file transfer protocol, and with images being 
hosted in galleries on a webpage. All cameras would operate on a duty time of 16:00hrs to 
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08:00hrs and have a time delay 5mins after being triggered to limit data transfer costs and 
data entry demands. 
 
Activity indices for each pest species wild dogs (Canis familiaris), feral pigs (Sus scrofa), 
foxes (Vulpes Vulpes), feral cats (Felis catus), hares (Lepus europaeus), rabbits 
(Oryctolagus cuniculus) and macropods (Macropus Sp.) would be entered manually by 
officers reviewing images. Thus, generating monthly activity indices for each species both 
for individual sites and as collectives of cameras for pest groups or the whole of region.  
 
Cameras would run indefinitely, with the aim to generate long term indices and trends  
for each species. 
 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Camera setup                                  Figure 2: Site selection 
 
Data Management 
 
The pilot project required manual collection of SD Cards and raw data from cameras on a 
near fortnightly arrangement, taking an officer some 4hrs/ per fortnight to collect data from 
both properties.  The adoption of FTP and the use of the 3G network to send images to a 
centrally hosted webpage overcame the manual demands of data collection and reduced 
the delay to near real time.  
 
Initial data entry was completed by a trained officer who reviewed images for each camera 
on a regular basis.  Once classified, the data would be entered manually into an excel 
document where reports (such as graphs and statistical analysis) could be generated. 
 
Whilst the manual barrier to data collection was overcome from fortnightly to near real 
time, the delays in data entry and interpretation was roughly 6 months behind capture, and 
ever increasing as more cameras were added to the sample area.   
 
Image recognition and machine learning were investigated as a potential innovation to 
overcome the demands and delays of manually data entry.  Corporate tech companies 
such as Google have developed open source Machine Learning software such as Tensor 
Flow and Auto Vision ML that could be trained to fit the purpose of data entry. In house 
capacity to develop code and train models was limited so the project was outsourced. 
Organisations such as CSIRO and private enterprise were both approached for a solution.  
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Council entered into contract with a private data analytics company for a machine learning 
solution in April 2019, which will see the pest monitoring process fully automated.  Images 
sent via FTP over the network are hosted in galleries for individual cameras.  These are 
drawn down by the images classifier (neural network) which automatically classifies and 
counts species.  This data is captured in a database which is then used to generate 
reports.  
 
Now, the process from capture to report will only take 5 minutes rather than 6 months.  
 
By adopting this approach, Council has overcome the major barrier in implementing such a 
program.  The only staff time allocated to the project now is to troubleshoot hardware 
failure in the field and interpreting reports.  
  
Financial costs 
 
Being a fit for purpose product that fully automates the data capture and report processes 
of the program, the initial project did come at a significant cost.  The FTP server, machine 
learning image classifier, database and data analytics cost just under $95,000.00. Once 
operational there is a yearly Operation Support Fee from the company which is detailed 
below.  
 
Table 1: Unit setup cost pest monitoring project 
Item Cost ($) 

Camera (Enduro 3G) $430.00 
Solar panel (12vlt battery) $360.00 
32GB SD card $32.00 
Galvanised tube (3m) $15.00 
Quickset concrete (20kg) $13.00 
Metal star picket (180cm) $8.00 
Unit total $858.00 

 
Table 2. Unit ongoing costs pest monitoring project 
Item Cost 

Data package (1GB shared data pool) $9/month 
Software operation support fee $21/month 
Total Unit $30/month 

 
Averaged out, an individual data point (camera) was $2,016.00 to set up, with each 
camera incurring yearly ongoing cost of $360.00 – this ongoing cost being under 2% of 
Council’s allocated operational budget for natural resource management. 
 
Results 
 
Table 3. Pest species activity changes  
Pest Species % Change 2014-2019 

Wild dogs (Canis familiaris) -44.14% 

Feral pig (Sus scrofa) -81.41% 

Fox (Vulpes Vulpes) -95.10% 

Feral cat (Felis Catus) -64.44% 

Hare (Lepus europaeus) -62.96% 

Rabbit (Oryctolagus cuniculus) -97.50% 
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Figure 3. Moving Change of Wild Dog Activity   
 

 
 
Figure 4. Feral Pig Long Term Activity 
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The future 
Council will continue to work on setting up data points over the rest of the 20km grid, with 
only 35 more cameras required to be deployed.  Some of these sites have significant 
challenges in that they are network black spots.  Council is considering setting up relay 
stations which enable data to still be transferred.  Once completed, Council will have a 
long term monitoring network that covers 3.8 million hectares, which provides near live 
data on pest indices. 
 
Future development of the project will focus on increasing the data point density to a 10km 
grid pattern; no small task as it roughly requires 300 extra cameras.  This will greatly 
improve data representation throughout the region.  The second focus will be on public 
access and utilisation of the data, with a key focus on changing land managers’ pest 
management practices from primarily reactive to proactive.  If we can achieve this, the 
savings to our economy and environment will be significant.  
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RESISTANCE IN PERI-URBAN WILD DOGS 

 

Lana Harriott1,2, Caitlin Wood1, Matthew Gentle3, Rebecca Traub4 Ricardo Soares-
Magalhaes1,5, Nigel Perkins1, Sarah Tozer6, Rowland Cobbold1 

1School of Veterinary Science, University of Queensland, Gatton QLD 4343 
2 Invasive Plants and Animal Research, Department of Agriculture and Fisheries, 

Ecosciences Precinct, Dutton Park, QLD, 4102 
3Invasive Plants and Animals Research, Department of Agriculture and Fisheries, 203 Tor 

Street, Toowoomba QLD 4350 
4Faculty of Veterinary and Agricultural Science, University of Melbourne, Parkville VIC 

3010 
5Child Health Research Centre, University of Queensland, South Brisbane, QLD, 4101 

6 QPID – Childrens Health Queensland, Childrens Health Queensland, South Brisbane, 
QLD, 4101 

 
ABSTRACT 

In Australia, wild dogs (Canis familiaris) are common in peri-urban environments, live 
within a close distance to houses, and visit household backyards and other public high-use 
areas such as school grounds and parklands.  Wild dogs are known to harbour parasites 
and their presence within these environments has human-health implications.  Bacterial 
pathogens may also affect human health, but the prevalence and diversity of such 
pathogens in wild dogs remains poorly studied.  We examined the presence bacterial 
pathogens in peri-urban wild dogs to further understand the potential risks to human 
health. We collected faecal, whole blood, serum and nasal samples from wild dogs 
captured during council management programs within north-east New South Wales and 
south-east Queensland.  Microbiological, molecular, and serological methods were used to 
detect and identify targeted pathogens.  The results of this study indicate that carriage of 
bacterial pathogens by peri-urban wild dogs is less prevalent than parasitic pathogens. 
However, the presence of ampicillin-resistant bacteria remains of public health concern, as 
wild dogs may spread microbial resistant genes into the environment.  The seroprevalence 
of C. burnetti suggests that wild dogs may be a reservoir of the pathogen and the detection 
in faeces suggests that they may be a possible source of Q-fever transmission in 
Queensland.  We conclude that bacterial pathogens carried by peri-urban wild dogs pose 
potential deleterious impacts to public health.  However, studies to further confirm these 
results are required and specific risk analyses are needed within human habitats, including 
assessing the associations of wild dog diets and other exposure sources.    

Keywords: Zoonoses, public health, pathogens, wild dog, antimicrobial resistance.  
 
 
MATERIALS AND METHODS 
 
Study population 

Wild dog faecal and blood samples and nasal swabs were collected between August 2012 
and May 2015.  Wild dogs (n=201) were humanely trapped and euthanised during routine 
council control programs from regions within south-eastern Queensland and northern New 
South Wales, within close proximity to human populations (Figure 1).   
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Figure 1. Study area where peri-urban wild dog samples were sourced.  
 
Isolation of bacterial species 

To isolate individual bacterial species, specific methods for each pathogen were applied.  
See Harriott (2018, pp 44-45) for detailed methods. Tests for each pathogen could not 
always be conducted on the full sample size (n=201) due to variability in the availability of 
the appropriate sample type required (e.g. faecal, whole blood, serum, nasal swab).  
 
 
RESULTS 

Ampicillin-resistant E. coli was the most commonly isolated bacteria from peri-urban wild 
dog faeces, detected in 20% of samples tested.  One-third of these samples were only 
resistant to ampicillin, with the remaining resistant to two or more antimicrobials. 
Salmonella spp. was isolated from three samples that were identified as S. potsdam. S. 
birkenhead and S. subsp 1.  Methicillin-sensitive Staphylococcus aureus was identified in 
five samples but methicillin-resistant S. aureus was not isolated. In addition, Brucella suis, 
Campylobacter spp. and Rickettsia felis were not detected. Coxiella burnetii exposure was 
present in 23.1% of serum samples tested, with a small proportion of samples also 
revealing shedding in faeces. Brucella suis, Campylobacter spp., methicillin-resistant 
Stayphylococcus aureus or Rickettsia felis were not detected.  
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DISCUSSION 

Peri-urban wild dogs are being exposed to some zoonotic bacterial pathogens, but their 
prevalence is not as common as parasitic pathogens (Harriott, 2018).  Escherichia coli is a 
naturally occurring and often commensal bacterium found in the gastrointestinal tracts of 
animals.  As a result, we specifically focused on the presence of multi-drug resistant 
(MDR) E. coli. Antimicrobials are essential for the treatment of pathogenic bacteria in both 
humans and other animals.  The presence of genes resistant to antimicrobials in wild 
populations of animals provides a mechanism to spread these genes in the environment 
(Allen et al., 2010).  The source of peri-urban wild dog exposure to antimicrobial resistant 
(AMR) bacteria remains unknown. However, wildlife acquire AMR bacteria through contact 
with anthropogenic sources that pollute the environment with either AMR bacteria or 
antimicrobials such as farms or human waste (Swift et al. 2019).  Multiple peri-urban wild 
dog samples were resistant to two or more drugs and, although the sample size was 
relatively small, it opens the possibility for future research into this topic.  

Infection by Salmonella spp. in peri-urban wild dogs is likely to be opportunistic, as most 
human cases of Salmonella tend to be sporadic (Stafford and Bell, 2011). The carriage of 
potentially-pathogenic Salmonella serovars by wild dogs is likely to reflect environmental 
sources of the pathogen, with infection in wild dogs resulting from predator-prey 
interactions. However, further research is required to understand the role of wild dogs in 
maintaining or promoting environmental contamination with Salmonella species.  We did 
not detect the presence of Campylobacter spp. in wild dog faecal samples. However, 
Campylobacter spp. is difficult to culture and can be sensitive to environmental stressors, 
so we cannot discount its potential presence in wild dog populations. Other pathogens not 
detected during the study include Brucella suis and Rickettsia felis. Brucella suis had 
previously been reported in domestic pig-hunting dogs in New South Wales and 
Queensland (Johnston, 2016). Therefore, it would be expected that wild dogs exposed to 
feral pigs could also harbour the pathogen. However, the capacity of dogs (wild and 
domestic) to act as long-term carriers and as potential sources of infection to humans or 
other animals is unknown and requires investigation.  The DNA of R. felis can degrade 
quickly in blood samples, with several factors such as extended storage also reducing the 
ability to extract DNA of high quality. Hence, it is possible that there were limitations in our 
sampling protocol that inhibited our ability to detect  R. felis.    

Peri-urban wild dogs are being exposed to Coxiella burnetii, the causative agent of Q-
fever. Despite having access to a safe and effective vaccine, Australia consistently reports 
approximately 400-600 new cases of Q-fever annually, with Queensland accounting for 
about half of those reports (National Notifiable Disease Surveillance System, 2019). 
Queensland has also had several human infections reported where no direct animal 
contact had occurred.  There is evidence of several wildlife species in Australia having 
exposure to C. burnetii and peri-urban wild dogs in south-eastern Queensland are known 
to encroach into urban and residential areas. This could be increasing the potential to 
transmit C. burnetii to humans via the excretion of the bacteria into the environment. 
These results warrant further investigation into the role of wild dogs in the transmission of 
C. burnetii.  

The results of this study demonstrate that peri-urban wild dogs can harbor zoonotic 
bacterial pathogens that pose potential deleterious impacts to public health. Carriage rates 
of bacterial pathogens by peri-urban wild dogs is less than parasitic pathogens, but 
nevertheless remain significant. In particular, the presence of ampicillin-resistant bacteria 
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remains of public health concern, as wild dogs may spread microbial resistant genes into 
the environment. Future research is required to further examine the level of antimicrobial 
resistance amongst wild dog populations, and their potential role in the transmission of C. 
burnetii into urban areas. Specific risk analyses assessing the association of wild dog diet 
and other potential exposure sources would enable greater understanding of transmission 
routes amongst wildlife populations.    
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QLD FROM THE LESSONS LEARNT FROM NORTHERN NSW 
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ABSTRACT 
  

Tropical soda apple (Solanum viarum) was first discovered in Australia in 2010 in the 
Upper Macleay Valley of New South Wales (NSW).  Since that time, it has spread to 
numerous locations, from the Queensland border in the north down to the Hunter region in 
the south and as far west as Cowra in the central tablelands district.  This weed is now the 
subject of an NSW Ministerial Control Order which imposes on all land owners in NSW to 
eradicate the weed from the land and keep the land free of the plant at all times.  
Predominantly spread by cattle and their movements throughout the regions, the issue of 
containing the spread of this nightmare weed has proven to be very problematic.  If we 
knew then what we know now we could we have minimised its spread in NSW. However, 
we can use the learnings from NSW to our advantage and stop tropical soda apple from 
becoming established in Queensland. 
 
Keywords: Tropical soda apple, cattle, identification, control, education, sale yards. 
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ABSTRACT  

Effective monitoring is key for effective wildlife management. Aerial surveys are a proven 
method for monitoring medium/large-sized mammals (e.g. macropods, feral pigs) in 
Australia’s rangelands. However, conventional aircraft are noisy, expensive, and 
considered an occupational safety risk for biologists.  UAS (unmanned aerial systems, or 
drones) may offer potential safety and efficiency gains, but need to be assessed against 
the current best-practice techniques.   

We tested the ability of a long-range, fixed-wing drone (300m agl, 65-93 km h-1, thermal 
and colour imaging) to survey macropod populations and validated the results against 
those from conventional helicopter surveys (61m agl, 93 km h-1, human observers).  Four, 
80-km long transects at Roma in south-western Queensland were surveyed and the 
outputs analysed using line-transect distance sampling methods. The drone was able to 
survey over half (56%) of the 320 km transects, and over 448 km of survey flights in total.  
However, the drone technique was unable to distinguish between macropod species, 
recorded <13% of the macropod density observed during the helicopter survey, and 
required more flight and data processing time. 

Long-range drones clearly have potential for landscape-scale wildlife monitoring but 
results must match or exceed the conventional techniques. Future UAS applications to 
wildlife monitoring require a proven ability to identify animals, a similar or greater detection 
probability than conventional techniques, an efficient means of data collation/analysis, and 
comparable costs to current-best practice survey methods.  We discuss the issues for 
potential users to consider to ensure that new survey technologies can be used to optimal 
benefit.  

Keywords: UAS (unmanned aerial systems), macropod, kangaroo, densities, landscape.  

INTRODUCTION  

Monitoring animal populations is key to effective wildlife management. Quite simply, 
wildlife managers need data on population size, trends or impacts to make informed 
decisions.  Monitoring can be expensive or resource intensive, particularly where large-
scale assessments of wildlife populations are required.  Broad-scale monitoring of 
medium-large sized mammals is often performed using manned helicopters or small 
aircraft. These conventional aerial survey techniques are well-proven, but can be 
resource-intensive (expensive) and are increasingly considered an occupational-risk for 
aircrew.  Additionally, the typically noisy conventional aircraft may also alter wildlife 

http://1contact/Search/Advanced?Location=279
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behaviour, making the detection and census of animals, or analysis of survey data 
problematic.   

New technologies like unmanned aerial vehicles (UAS) or drones, offer several 
advantages over manned aircraft, and are increasingly being seen as potential viable 
alternatives for monitoring fauna populations.  Improved remote sensing technologies (e.g. 
optical, thermal, multispectral cameras) offer an increasing ability to detect, identify and 
count animal species.  UAS can have a low acoustic signature, particularly at survey 
heights, reducing any disturbance to wildlife.  An increasing operating range broadens the 
scope of potential UAS applications for landscape-scale survey.  Emerging, affordable 
UAS technology offers potential safety and efficiency gains, but needs to be assessed 
against the current best-practice techniques.  Here we examine a case study of UAS vs 
helicopter surveys on macropods (Gentle, Finch, Speed, & Pople, 2018) to highlight 
considerations for using drone technology to monitor wildlife at the landscape-scale. 

MATERIALS AND METHODS 

Helicopter surveys are conducted each year by the Queensland government to survey 
commercially-harvested macropod populations (DEHP, 2015).  Helicopter surveys were 
undertaken on the Roma survey block in south-western Queensland on 26 and 27 May 
2017 within 2.5 hours of sunrise and sunset (respectively). A Robinson R44 helicopter, 
with rear doors removed, was flown (height 61m agl, speed 93 km h-1) along each of four, 
80 km long transects placed at 20km intervals across the study site.  Two observers 
counted clusters of animals and recorded these into distances classes perpendicular to the 
transect line.  

The UAS survey was completed on 1–2 June 2017, within 7 days of the helicopter survey 
to minimise any potential population changes. Survey methods were designed to allow for 
comparable data collection to the helicopter surveys.  The electric-powered UAS ‘Spylite’ 
(Bluebird Aero Systems Ltd, Israel; http://www.bluebird-uav.com/spylite) was flown at 300 
m agl to meet regulatory approvals and assist line-of-sight visuals and communications. 
Speed was 65-93 km h-1.    
 
Detection probabilities, encounter rates and densities for each species (or species group) 
were calculated for the helicopter survey and UAS survey by conventional distance 
sampling methods using DISTANCE 6.0.  The mean group size of macropods and the 
distribution of the group sizes counted by each method were also compared.  The 
efficiency and cost effectiveness of each survey technique were also assessed by 
comparing the flight and data processing times, and costs, for each technique respectively.  
The UAS surveys were completed under commercial contract and included all costs 
associated with completing the UAS surveys, including primary data processing.  To be 
comparable, costs for undertaking the helicopter surveys included helicopter charter, 
labour and all travel costs, including car hire, accommodation and staff allowances.  For 
more detailed methods, please see (Gentle et al., 2018).  

RESULTS 

The helicopter completed surveys of all four transect lines (totalling 290km) in 5 h, 
including ferry.  The UAS completed ~8 h of flights over 449km, including ferry, to survey 
248 km of transect (including repeated sections).  UAS regulatory operating restrictions 
and technical issues reduced the transect sections that could be surveyed.  Analyses were 
restricted to the transect sections surveyed by both methods.  
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The encounter rates (macropod groups per km of transect) recorded during the UAS 
surveys were low (0.18) compared to the helicopter surveys (3.68).  Five species of 
macropods were recorded during the helicopter surveys. Macropod densities (pooled) 
were 53.8 animals km-2, consisting mostly of the eastern grey (46.4), red (3.6) and 
common wallaroo (3.0).  Individual macropod species could not be distinguished on the 
UAS surveys and observations were thus pooled.  Macropod density derived from the UAS 
data were estimated as 3.2 animals km-2, well less than one-tenth of the estimate from the 
helicopter surveys.  On each of the four transects, the UAS recorded an average of 8.0% 
of the macropod density observed during the helicopter surveys (SD = 5.1, range 2.9-
12.7%, Figure 1).  There was no significant differences in the distribution of group size 
observed nor the mean group size recorded during each survey type.  Surprisingly, there 
was no decline in detection probability away from the transect line for the UAS data in 
contrast to the helicopter survey data (Gentle et al., 2018).  
 
The comparative efficiency and costs of each technique are shown in Table 1.  Including 
the time for data processing, the UAS required 9.7 min to survey each km, while the 
helicopter required less than a third of this time (2.7 min km–1). Similarly, the cost per 
kilometre surveyed was greater for the UAS (~$89 km–1) compared with the helicopter 
(~$31 km–1). 
 

  

Figure 1. Density of macropods observed on each shared section of transect during the 
UAS or helicopter surveys. Error bars represent estimated standard error. Source: Gentle 
et al. (2018). 

Table 1. Cost efficiency (including time) of each survey method at Roma. Time and costs 

are associated with undertaking the survey and primary data processing (in 2017 AUD). 

Adapted from Gentle et al. (2018). 
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DISCUSSION 

Until recently the use of UAS for broadscale wildlife monitoring has been technically or 
logistically unfeasible.  The ability of UAS to complete wildlife surveys at the landscape 
scale are therefore encouraging. However, the resulting captured data indicate that UAS 
are currently an inefficient, expensive and inaccurate alternative to manned helicopter 
surveys of macropods.  Further improvements in a number of key factors are needed 
before the UAS could replace or supplement helicopter surveys.  The following key criteria 
should be met to for UAS to offer a valid alternative to conventional aerial surveys: 

Effective target recognition  
The UAS technique were unable to distinguish between macropod species, largely due to 
the increased flight height relative to the helicopter surveys and an insufficient resolution of 
imagery.  Obviously, the target animal species or group needs to be accurately identified 
and classified for effective surveys.  UAS methods including survey height, swathe width, 
speed, payload sensor and resolution need to be appropriately balanced and tailored to fit 
the targeted species and situation (ie habitat) [see Chrétien, Théau, and Ménard (2016), ]. 
 
Comparatively high probability of detection 
The UAS had a limited ability to detect animals of any group size, and the rate of detection 
was variable.  Conventional surveys also suffer from imperfect detection, but their 
consistency allows for correction.  Improvements in sensor technology and/or a reduction 
in the height flown by the UAS is required before an adjustment for incomplete detection 
by a human eye.  UAS require a consistent, and equal or greater detection probability than 
existing survey techniques to offer any practical advantages. 
 
Efficient primary data processing  
The time taken for primary data processing was four times greater for the UAS (32 h) than 
the helicopter survey (8 h).  Manual data processing of UAS imagery is onerous and can 
effectively limit many of the potential benefits of the technique. Significant advances in 
automated processing of imagery, through deep learning and other computer applications 
[e.g. Norouzzadeh et al. (2017)], are likely required to improve UAS survey efficiency.   
 
High cost-effectiveness and efficiency 
The average survey and data processing time, and survey costs for the UAS were 
approximately three-times greater than required to complete the helicopter surveys.  Costs 
associated with any new technique are likely to decline into the future as technology 
develops and uptake of such techniques becomes more widespread.  Nevertheless, UAS 
should be considered only where cost-effectiveness or efficiency are comparable to 
current-best practice survey methods. 
 
Meets regulatory conditions 
All transect sections were counted during the helicopter surveys, while Civil Aviation 
Safety Authority (CASA) regulations limited the UAS to areas >10 nautical miles from 
Roma airport.  Comparable regulatory and logistical operating conditions are required if 
UAS are to be competitive to manned aircraft for broad-scale wildlife survey.  
 
 
 
Pilot trials support more detailed assessments 
Pilot trials are essential to understand actual and potential issues with undertaking wildlife 
survey, and for determining the adequacy of the technique for the species and situation.  
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Ideally, future developments in UAS should be compared on the aforementioned criteria, 
to ensure that new techniques offer improvements to current best-practice techniques.  
This is an essential step before the UAS can be considered to be a suitable benchmark for 
wildlife survey.  
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USING ODOUR DETECTION DOGS AND TODAYS TECHNOLOGY  
 

Dennis Gannaway  
Bellden Environmental Services   

 
 
SUMMARY 
 
The combination of a well-trained conservation dog team and global positioning satellite 
(GPS) tracking technology provides a superb platform for the effective and efficient 
collection of data.   
 
The ability of dogs to find objects following odour is well known and has been used by man 
for centuries.  
 
What differentiates dogs used in conservation from their hunting counterparts is their 
training to find and indicate the presence of a target odour even at minute levels in the field 
without unduly disturbing it or anything else within the environment.  
 
The dogs are completely reward focused.  The tracking and finding of the target odour is in 
itself simply a method for them to receive a much sought after reward, usually play or food.   
Well trained dogs are far more efficient and effective at surveying large areas when 
compared to traditional human reliant methods. GPS tracking and recording technology 
allows for the accurate mapping of dog movement and recording of indications which when 
displayed on a map allows for the analysis of presence, absence, distribution and possible 
density of target odour with pin point accuracy.  
 
Odour targets are not limited. Dogs can be trained to find either a specific endangered 
species or those animals predating on it. It is also not limited to animals.  Dogs have been 
successfully trained to find weeds and pathogens.  
 
Keywords: Odour, detection dog, tracking, GPS, mapping, feral. 
 
 
INTRODUCTION 
 
The superior ability of dogs to detect odours, reputed to be between 1,000 and 10,000 
times that of a human has long been used by man to improve hunting outcomes and more 
recently in a wide variety of areas including medicine, law enforcement, disaster 
management and species conservation.  
 
When properly trained the dogs are capable of searching large areas in all terrains far 
more effectively and efficiently than humans can.  A study on matching humans against 
dogs in a quest to finding koala scat in a bush setting, the main indicator of the animal’s 
presence or absence found the dogs 19 times more efficient and 153% more accurate 
than the skilled human teams Romane et al (2010).  
 
Until recently keeping up with the dog and recording where it had been when working off 
leash and out of sight was a limiting factor in using the dogs within natural areas.  The 
advent and constant refinement of electronic and radio tracking devices using global 
positioning satellite technology now enables the real time tracking of movement and 
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accurate recording of indications.  When mapped the data clearly shows the extent of the 
area searched, the exact route taken by the dog and where it has indicated on target 
odour.  The data can then be extrapolated to show presence or absence of the target 
odour, potential spatial distribution of the target and possibly density of target within the 
searched area. 
 
The skill of the dog to track odour coupled with the ability of the handler to track, record 
and map the data generated provides a powerful, accurate and cost effective tool to land 
managers particularly when dealing with the illusive and hard to find species.   
 
DATA COLLECTION AND INTERPRETATION 
 

 
Figure 2 Cumulative data from several surveys – target odour red fox  

 

 
Figure 3.  Individual survey - target red fox 
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Figures 1 and 2 illustrate the level of data produced by the tracking device worn by the 
detection dog mapped to Google Earth. Figure 1 represents 6 separate surveys 
undertaken in 24 hours over 4 separate days.  Objective was to establish presence and or 
absence of fox within a mountainous area covering 1600ha. There were no known records 
of fox presence prior to the surveys.  
 
Survey methodology was to run detection dog along edge of valley floors and along paths 
and roads. Dog is allowed to freely follow any scent track it finds.  
 
Outcome of survey clearly indicates activity within the valleys with little activity on slopes.  
Figure 2 gives a clearer picture of the activity in a single valley with tracks and scat being 
the predominant odour source indicated on by the dog, easily verified by handler.  
However more elusive signs such as fox scent marking that would not have picked up by 
human search were found by the dog. Scat was collected for further analysis.  
 
UTILISING THE DATA  
 
The data produced confirms fox are present in the survey area. This may represent 
multiple animals given the extent of the area.  The data shows that the movement pattern 
of the animal is along paths and roads predominantly within the valleys.  Given the volume 
of scent markings, tracks and scats it can be deduced that the area is frequently used.   
The data confirms the presence of the feral animal informing land managers on the best 
approach and position for effective management of the pest animal.  
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Figure 4. Halo indicating on target odour. Koala scat in stocking tied to tree base.  
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Figure 5. Detection dog in close search pattern on lead 

 
Figure 6. Detection dog indicating presence of feral animal at den entrance 
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ABSTRACT  
 
An incursion of feral Rusa Deer (Rusa timorensis syn. Cervus timorensis) to the Widgee - 
Lower Wonga area of Gympie Regional Council was relatively new, and the population 
believed to be small.  
 
Council recognised the value of early intervention before the population increased in size 
and distribution; andas part of a corporate risk assessment identified the need to work 
closely with the local community on any plan to control the population.  
 
An extensive community engagement program informed a three-year control strategy. 
Consultation allowed Council to gauge attitudes of the local community; focus on control 
methods considered acceptable by residents; and encourage community buy-in to the 
program.   
 
Community acceptance of the strategy has been critical to its success to date enabling 
freedom in on-ground control and assisting Council decision-making.  The community is 
engaged; landholders are willing to assist the control program in a constructive and 
proactive manner; landholders are informed of their legislated responsibilities; and the 
community feels their views have been heard and understood.  
 
Council is continuing to work with landholders and vertebrate pest control contractors to 
implement the strategy and progress towards annual goals are on track. It is anticipated 
the strategy will be successfully completed on or before the end of the three year control 
strategy timeframe.   
 
Early management of this population has reduced impacts to the local community and 
mitigated the immediate risk of region-wide impacts associated with the spread of this 
population.   
 
Keywords: Feral deer, pest control, community engagement.  
 
INTRODUCTION 
 
Feral Rusa Deer (Rusa timorensis syn.Cervus timorensis) is one of four species of 
introduced deer known to occur in the Gympie Regional Council (Council) area, with small 
populations known throughout the region.  The incursion of feral Rusa Deer to the Widgee 
- Lower Wonga area is relatively new, possibly originating from unmanaged stock from a 
historic deer farm.  The Widgee - Lower Wonga population was believed to be low, but 
with the potential to rapidly spread into nearby forested areas. Council also regularly 
received reports and complaints about the animals from local residents. These factors 
created both biosecurity and social drivers regarding the need to manage the population. 
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Rusa Deer are climatically well suited to the Gympie region (DAF undated; DAF 2012) with 
a breeding capacity exceeding other deer species already well established (e.g. Red Deer, 
Cervus elaphus) (Tuckwell 2003).  As such it is considered the region’s highest risk deer 
species with potential for significant and rapid population growth.  Left unmanaged and 
allowed to grow in number, impacts from this species could be devastating, as evidenced 
in other parts of Australia (Moriarty, 2004; DAF, undated). 
 
Feral deer are often considered favourably by some members of the general public for 
their amenity, sport or resource values, and management can polarise community views 
and expectations.  As part of a corporate risk assessment Council identified the need to 
work closely with the Widgee - Lower Wonga community on any plan or action to control 
the feral Rusa Deer population. Council engaged Ecosure Pty Ltd to assist with an 
extensive community consultation program and develop a control strategy. 
 
METHODS AND RESULTS 
 
Information sharing between Council and the Widgee - Lower Wonga community included 
a mail-out survey, developed in consultation with Biosecurity Queensland, and a 
community workshop.  
 
The workshop, open to the local community only, was designed as a mutual knowledge 
sharing meeting.  It included presentations from Council and a feral deer expert, followed 
by break-out group discussions to gather citizen-based population data, impact information 
and local attitudes towards control.  To facilitate as much feedback as possible, meeting 
attendance was incentivised with dinner and a draw for prizes.  
 
To provide confidence around community reports, deer species identification materials 
were provided. Where respondents lacked identification confidence, species were listed as 
‘unknown’.  To assess the potential maximum feral Rusa Deer population and distribution, 
the ‘unknown’ reports were assumed to potentially include feral Rusa Deer.   
 
Sixty-two (62) survey responses were returned and the meeting was well attended (58 
local residents). Key survey results included: 

 84% of respondents saw feral deer on or near their property, with the majority 
reported as feral Rusa Deer;  

 the population of feral Rusa Deer in the Widgee - Lower Wonga area was 
reported by many respondents to be up to 60 animals, mainly located within the 
identified project area (differing from Council’s initial estimates of approximately 
20-30 animals); 

 65% of respondents experienced negative impacts from feral deer; 

 81% of respondents agreed that managing feral Rusa Deer is important to 
control the population, with a further 5% remaining neutral (Figure 1);  

 8% of respondents believed that feral Rusa Deer are part of the natural 
environment and should not be controlled (Figure 2), and 11% were concerned 
that controlling feral Rusa Deer would impact on local recreational activities 
(Figure 3);  
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 53% of respondents were willing to undertake appropriate control of feral Rusa 
Deer on their property, with an additional 27% being neutral (Figure 4). 

 
 

 
Figure 7 Community responses to 
‘Managing Rusa Deer in this region is 
important to keep populations under 
control’. 

 

 
Figure 8 Community responses to 'Rusa 
Deer are part of our local environment 
and their population should not be 
controlled' 

 
Figure 9 Community responses to 'I am 
concerned that controlling Rusa Deer would 
impact on local recreational activities' 

 
Figure 10 Community responses to 'I 
would be willing to undertake appropriate 
control of Rusa Deer on my property' 

 
As indicated by these results and by general feedback at the workshop, most of the 
community was supportive of a control program.  Several respondents commented that 
they were opposed to a control program as they were not being impacted, or enjoyed 
seeing or hunting feral deer.  Many noted they were supportive with certain caveats, 
including that control was humane; closely regulated to avoid safety risks; and that the 
meat resource was utilised where possible (e.g. for pet food).  
 
Feedback on population numbers was somewhat inconsistent with population estimates 
obtained by Council during pre-project monitoring (camera trapping and spotlight surveys). 
This was attributed to potential misidentification of deer species and some ‘pro-control’ 
landholders over-emphasising the issue.  Further monitoring was scheduled by Council to 
confirm population estimates. 
 
Following initial community engagement, a Feral Rusa Deer Control Strategy (three year 
duration) was developed in line with Gympie Regional Council’s Biosecurity Plan 2018-
2022.  Management options were assessed against the identified key community priorities 
which included animal welfare, firearms risk management and resource utilisation, along 
with feasibility, cost and likely effectiveness (in accordance with Table 1).  The overall 
suitability of each control option for the Widgee - Lower Wonga area based on this multi-
criteria decision analysis is summarised in Table 2.  



196 
 

 
  



197 
 

Table 1.  Descriptions of high, moderate and low suitability as assessed for each control 
option. 

Consideration High - appropriate (H) Moderate - may be 
appropriate in some 
situations (M) 

Low - never appropriate 
(L)* 

Animal welfare animals not subjected to 
unnecessary stress  

 

may pose some issues to 
animal welfare but can be 
managed through 
appropriate mitigation 
measures 

likely to have adverse 
impacts on animal welfare 
or considered unethical 

 

Human safety limits safety risks to local 
residents and the broader 
community  

may pose some safety risks 
to humans but can be 
managed through 
appropriate mitigation 
measures 

does not effectively or 
appropriately manage risks 
to human safety 

Feasibility practical to implement with 
available resources  

 

practical to implement but 
requires a high level of 
resources 

presents challenges to 
implement within the 
control area 

Cost benefits outweigh cost in all 
situations 

benefits outweigh cost in 
some situations 

benefits do not outweigh 
cost  

Community 
perception 

community likely to view 
favourably 

will cause concern to some 
members of the community 

likely to result in community 
complaints or 
dissatisfaction 

Potential for 
resource recovery 

resources can be recovered 
for a wide range of uses 

resources can be recovered 
for limited uses 

resources unable to be 
recovered or reused 

*Any control method determined to have Low suitability was excluded, unless an 
adjustment to methods can increase suitability to Moderate or High. 
 
Table 2.  Summary of an area-specific, multi-criteria decision analysis of potential 
management options and their overall suitability to the Widgee-Lower Wonga area.  

Management option Overall 
suitability 

Rationale for overall suitability  

Lure to designated management 
location, may include fencing 
(euthanase in situ)  

H Option scores highly in most categories. 
Community perception to be managed 
through engagement. 

Luring to management location, 
may include fencing (transporting 
off-site for euthanasia) 

M Higher human safety and welfare risks, 
costs and feasibility, less preferred than 
euthanasing on site. 

Trapping  M May be used in the program provided 
animal welfare impacts can be minimised. 

Ground shooting H Highly suitable in some areas, and can be 
done safely in appropriate areas (i.e. H for 
‘human safety’ in those locations). 
Particularly useful for ‘mop-up control’. 

Aerial shooting L Option scores low in most categories and 
is not suitable. 

Chemical sedation L Difficult to manage potential risk of 
sedated animals straying onto roads; 
potential welfare issues; not generally 
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Management option Overall 
suitability 

Rationale for overall suitability  

feasible in this area. 

Recreational hunting L Community concern around trespassing 
and poaching, potential to jeopardise 
strategy. Excluded from Council program. 

Exclusion fencing M Excluding deer to protect assets is a safe 
and high-welfare management measure 
that landholders can implement, although 
it may be cost prohibitive. Excluded from 
Council program. 

Aversion M May result in welfare issues, may have 
some uses but unlikely to be practical for 
most landholders. Excluded from Council 
program. 

 
DISCUSSION 
 
Consultation allowed Council to gauge attitudes of the local community, focus on control 
methods considered acceptable to residents, and encourage community buy-in to the 
program.  Prior to consultation, there was a perception that a large portion of the local 
community would be opposed to control.  Consultation showed that this was not the case.  
This positive outcome may also have been influenced by sharing information regarding the 
potential impacts of allowing the population to grow.   
 
Given the region-wide importance of reducing, and ideally eradicating, this population, 
Council is committed and best suited to lead on-ground control in a manner that does not 
risk dispersing the population.  Careful messaging regarding activities on private property 
was required to ensure the community was aware of the special circumstances (i.e. the 
region-wide threat), and to manage expectations for control of other pests on private land.  
Landholders were reminded of their General Biosecurity Obligation (GBO) under the 
Biosecurity Act 2014, and their ongoing responsibility to minimise risks associated with 
biosecurity matters.   
 
Community acceptance of the strategy has been critical to its success, with this population 
residing mostly on private land.  Community support has allowed more freedom in on-
ground control and assisted Council decision-making in allocating resources with the 
knowledge that the project was unlikely to be impeded by community opposition.  
 
Further benefits of the extensive community consultation for this project include: 

 the community is engaged and landholders are willing to assist the control program 
in a constructive and proactive manner aligned with the strategy  

 landholders are informed of their legislated responsibility to meet their GBO whilst 
maintaining animal welfare standards  

 the Widgee - Lower Wonga community feels their views have been heard and 
understood, and appreciate the opportunity to have input in the control strategy 
(Council has received positive feedback about the consultation process). 
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Flexibility in the strategy has been critical to its success to date, allowing management to 
be adapted in response to landholder requests, deer behaviour and unforeseen 
circumstances.   
 
Council is continuing to work with landholders and vertebrate pest control contractors to 
implement the Feral Rusa Deer Control Strategy. Progress towards annual strategic goals 
is on track:  

 Council monitoring has indicated that the feral Rusa population does appear to be 
centred in the project area with approximately 25 individuals being identified in 
thermal/spotlight surveying and none observed at the extremities of the area  

 13 feral Rusa Deer have been removed from the population during Council 
implemented control actions (private property pen-trapping and humane euthanasia 
in-situ via firearm) 

 ongoing monitoring on private property will guide upcoming field shooting on private 
property to remove remaining individuals (planned for 2019). 
 

It is anticipated the three-year strategy will be successfully completed on or before time.   
 
Early management of this population has reduced impacts to the local community and 
mitigated the immediate risk of region-wide impacts associated with the spread of this 
population.   
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PREVENTING THE NATURALISATION OF HIGH-RISK ANIMALS AND 
PLANTS IN QUEENSLAND 

 

Steve Csurhes 
Biosecurity Queensland, Queensland Department of Agriculture and Fisheries, 

Ecosciences Precinct, Dutton Park, Brisbane 
 
 
ABSTRACT 
 
Queensland enjoys freedom from hundreds of invasive species that cause major problems 
overseas or interstate.  This paper summarises current work on exclusion, early detection 
and eradication of high-risk pests in Queensland.  Partnerships, in particular, are essential 
for effective pest prevention and this paper outlines several initiatives designed to 
maximise their effect.  A range of success-stories are presented, highlighting the value of 
partnerships and the importance of dedicated staff. 
 
Keywords: invasive species, pest prevention. 
 
 
INTRODUCTION 
 
While Queensland is home to a significant number of invasive plant and animal species, 
there are hundreds of additional species that could invade if provided the opportunity.  
Most people are aware of cane toads, feral cats and lantana, but few are aware of 
emerging threats such as Asian spined toads, Burmese pythons, saw-scaled vipers, pit 
vipers, savannah cats, palm squirrels, Karroo thorn and purple witchweed.  This paper 
outlines a number of prevention initiatives managed by Biosecurity Queensland and local 
governments of Queensland in partnerships with other organisations. 
 

 
POST-BORDER EXCLUSION 
 
Post-border restrictions on sale and possession of high-risk pests are highly effective and 
relatively cheap compared to other forms of pest management.  In the case of potentially 
invasive plants, more than 900 species were pre-emptively banned from sale in 
Queensland, effectively preventing these species from entering the mainstream trade in 
garden ornamentals, the primary invasion pathway for invasive plants.  Csurhes (1991) 
selected targets from a list of over 8000 candidate species using a process of evidence-
based pest risk assessment.  The list comprises species that are climatically suited to 
Queensland and have major impacts overseas and interstate.  Pest risk assessments for 
most targets are available on-line (DAF 2019).  In the case of potentially invasive pest 
animals, almost all non-native mammals, reptiles and amphibians (except for domestic 
species) have been banned from sale.  Clear evidence has emerged that restrictions are 
particularly effective, with only four species of non-native reptiles and amphibians 
naturalised in Queensland, compared to more than 50 in Florida (where post-border 
restrictions have been historically absent and far less comprehensive) (Csurhes et al. 
2016).  Post-border restrictions have a powerful synergy with border-level restrictions on 
import and help reduce smuggling by removing most of its commercial incentive. 
Moreover, propagule pressure generated by a modest black-market is far less significant 
than if such species were legally traded as pets. 
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Figure 1.  Number of non-native reptile and amphibian species naturalised in Florida 
(USA) and Queensland since 1875 (Florida data redrawn from Meshaka 2011). 
 
 
EARLY DETECTION 
 
Much like dealing with skin cancer, early detection is vital.  If detected early, when 
populations are very small, complete eradication is often feasible.  Historically, surveillance 
has relied on passive techniques such as public awareness campaigns.  While still a 
worthwhile activity, many targets have not been detected early enough and opportunities 
for eradication have been missed.  
 
Currently, novel forms of active surveillance are being explored, with the goal of much 
earlier detection.  These techniques are being targeted at specific high-risk pest species 
and utilise pathways analysis to identify high-risk sites where surveillance efforts are most 
likely to yield a result.  A targeted, strategic approach, involving partnerships, is essential 
since resources are modest and finite.  A particularly effective approach is the 
Weedspotters’ network, a group of more than 1300 trained volunteers actively looking for 
specific high-risk potentially invasive plant species.  The network is managed by the 
Queensland Herbarium in partnership with Biosecurity Queensland and local governments 
and has links to the ‘Northern Australian Quarantine Strategy’ (NAQS) and ‘Land and Sea 
Rangers’.  History has shown that most successful cases of early detection are achieved 
by trained people who have an interest and capacity to notice unusual new plants, rather 
than landholders or the public in general. 
 
The use of sentinel sites to monitor and detect specific targets is a well-established 
technique in other sectors of biosecurity but has not been used for invasive plants.  A 
partnership with the Department of Defence aims to deploy an array of acoustic traps for 
Asian spined toads near the Port of Brisbane, in close proximity to container and 
equipment imports, where the toads are perhaps most likely to be first detected.  Similarly, 
military land in Brisbane is being targeted to search for Siam weed.  A partnership has also 
been established with the community group ‘Frogwatch’, a network of native frog 
enthusiasts, who are likely to notice Asian spined toads.   
 
In partnership with City of Gold Coast and the Queensland Herbarium, Biosecurity 
Queensland has established a network of five sentinel sites targeting cecropia (Cecropia 
peltata) and miconia (Miconia calvescens), two potentially invasive plant species that are 
major weeds overseas.  This involves monitoring the ground beneath five flying fox camps 
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on the Gold Coast.  In theory, if the target weeds exist within a few kilometres of the 
camps, the bats should be carrying seeds back and dropping them below their day-time 
roosts.  To-date no target weeds have been detected, perhaps providing some confidence 
that these species are either absent or rare in the area and, therefore, ideal targets for 
prevention.  Field observations have confirmed that bats are dispersing a number of 
common weed species.  Observations from north Queensland confirm that cecropia can 
be carried by bats to their camps (M. Graham pers. comm.).  Other sentinel sites have 
been established, including a site near Ipswich where the stomach contents of millions of 
cattle are disposed, providing an ideal site to detect cattle-dispersed weeds such as 
Tropical soda apple (Solanum viarum) and prickly acacia (Vachellia nilotica subsp. indica).  
Perhaps more importantly, the use of sentinel sites, and other novel forms of surveillance, 
has generated valuable publicity for pest prevention and has made people think about 
dispersal risk and invasion pathways.  New ideas attract interest. 
 
Environmental DNA (eDNA) and genetic analysis offer powerful new tools to improve 
surveillance and detection.  Work is underway to use eDNA to detect red-eared slider 
turtles north of Brisbane and a new project exploring the utility of DNA-microsatellite 
analysis to “reverse engineer” the dispersal architecture of a discrete population of 
cecropia is underway. The latter could provide a high level of confidence that a target 
population has been effectively delimited and could be a “game changer” for eradication 
projects.  Similarly, the drones and machine-learning are predicted to radically improve the 
effectiveness of surveillance. When directed at suitably conspicuous target species, 
drones could methodically search large areas with a high degree of comprehensiveness, 
far superior to foot-based searching.  However, not all targets are suitable and work from 
north Queensland has experienced difficulty with aerial-based searching for cryptic targets 
hidden under forest canopies. 
 
On-line sale of potentially invasive species is an emerging risk and compliance is 
essential. In partnership with local governments, and with regular advice received from 
Agriculture WA, Biosecurity Queensland has seized and destroyed over 315 specimens of 
Opuntia and Cylindropuntia (14 different taxa) being offered for sale on-line, sending a 
clear message that these species cannot be traded.  
 
 

ERADICATION 
 
Provided high-risk species can be detected early enough, when their populations are very 
small, eradication can be a feasible and desirable objective.  Since the early 1990s, 20 
high-risk weed species appear to have been eradicated in Queensland, with an additional 
17 species considered to be “on track” for eradication (for a complete list of species see 
Csurhes 2018).  Notable success-stories include: (1) Karroo thorn (Vachellia karroo), a 
species considered to pose greater weed risk than prickly acacia, was detected by local 
government at a single location on the Darling Downs.  In partnership with Biosecurity 
Queensland this population is on-track for eradication, as the soil seed-bank is being 
gradually exhausted. (2) bitou bush, a WoNS and one of NSW’s worst weeds, is close to 
eradication in Queensland, thanks to more than 30 years of dedication by a team of people 
from local governments, National Parks, indigenous rangers and Biosecurity Queensland.  
Considering the scale of the task, and the multiple land-tenures involved, partnerships 
have been essential to success. 
 
Thanks to highly effective restrictions on possession and sale, both border and post-border 
across Australia, the need to eradicate new incursions of pest animals has been minimal, 
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with only a single species, the red-eared slider turtle targeted.  Responses are generally 
limited to seizures of illegally held animals and, in Queensland, these number just under 
eight specimens per annum.  Species vary but include American corn snakes, Indian palm 
squirrels, boa constrictors, saw-scaled vipers and white-lipped vipers, all extreme risk 
species with the long-term potential to naturalise over substantial areas of Queensland.   
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BORDER CONTROL. IT’S NOT JUST AN AMERICAN PROBLEM 

 

Charisse Anderson 
Fitzroy Basin Association 

 
 
SUMMARY 
 
There are no border checkpoints for pest animals. They are indiscriminate and happily 
travel across property boundaries, so FBA are getting tough with integrated regional 
strategic control, and as a result, we are seeing long term benefits for landholders, the 
environment and the wider community.  Our program has been successfully operating for 
four (4) years. Unlike many pest programs, we are witnessing increased participation year 
after year.  
 
This program targets grazing and grain production areas adjoining National Parks, 
reserves and forestry areas to implement collaborative measures to control animal 
populations cross differing land uses, and support ‘good neighbour’ relations. 
 
There’s no denying that pest control is a topic which stirs weariness from a landholder.  
We see our role at FBA to share the successes, offer support, and maintain the 
momentum across the region. 

 
Control is tailored to suit the landscape & farming/grazing management.  Landholders are 
supported to improve land condition and undertake a range of control activities, including 
trapping, shooting and baiting. 

 
Our goal is to reduce pest numbers to a manageable population and increase buy-in from 
communities, to join resources and ensure a broader, more effective pest control regime is 
implemented.  

 
Keywords: Pest, wild dogs, community, engagement, landholders, NRM. 
 
 
INTRODUCTION 

Declared weeds and pest animals have significant impacts on Queensland's primary 
industries, natural ecosystems, and human and animal health. Prolonged drought 
conditions are resulting in weaker cattle, more susceptible to wild dog attacks and bare 
ground ideal for weed infestations.  

 
Pest animals traverse the landscape and exclusion fencing properties in Central 
Queensland is rarely economically viable.   As a result, landholder pest programs 
implemented on an individual or reactive basis fail to achieve long-term results, as pest 
animals don’t stop at property boundaries.  Other challenges facing our region are inactive 
or absentee landholders, not engaging in any pest management.  Integrated regional 
strategic control is essential to achieving long term benefits for landholders and our 
environment.   
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Thanks to the Queensland Government, Queensland Feral Pest Initiative, FBA have been 
able to prove coordinated regional pest control programs are the most effective method of 
achieving regional outcomes.  Our programs target grazing and grain production areas 
adjoining National Parks, reserves and forestry areas to implement collaborative measures 
to control animal populations across differing land uses, and support ‘good neighbour’ 
relations. 
 
The program uses a multi-strategy approach for the control for wild dogs, feral cats and 
feral pigs. The foundations of this strategy include capacity building; coordinated control; 
and maintaining landholder control groups.  We seek to build on existing groups, support 
new control groups, demonstrate achievements and celebrate outcomes reached at a 
regional level. 

Integrated pest managment 

Border control requires a range control measures. Our program is implemented using an 
integrated pest management (IPM) approach.  This approach utilises capacity building 
events, on-ground support, and collaboration with local landholders, community groups, 
Local, State and Federal Governments and regional delivery partners to achieve collective 
outcomes.  FBA have found that an IPM approach is crucial for the successful long-term 
management of pests.  This allows for a combination of different monitoring and control 
techniques which can be tailored for each project area based on its location; pest 
population; and land-use. 

 
Collaborate & share 

Securing property boarders takes a joint effort, which is why FBA collaborates with a range 
of stakeholders, including landholders, community groups, Natural Resource Management 
(NRM) organisations, pest control groups, pest control experts and local and state 
government.  Extension and on-ground works are delivered through rural field staff, in 
collaboration with landholders and community groups, creating jobs and public benefits 
(social, economic and environmental) for rural communities. FBA are perfectly positioned 
within our regional communities to deliver this program effectively. We are trusted 
community members; advocates for agriculture; and can attest to the benefit of 
coordinated control across the region. As a result on ground engagement is increasing 
community and landholders’ skills and knowledge; improving land condition, productivity 
and resilience.   

The areas where we have seen the most success are where landholders are working 
alongside each other, government, the public and private sector to deliver common goals 
and accomplish visible results.  

Works undertaken in the program have occurred predominately on private property, 
however engagement and training opportunities are delivered to all local groups, including 
resources companies, landholders and business owners.  

Leverage what you have 

FBA are perfectly positioned to deliver an integrated control across property boundaries.  
Our strategy is to join forces with existing programs such as Grazing Best Management 
Practice (BMP) and current Reef programs which provide one-on-one support for 
landholders to improve their farming practices.  This support includes strategic, best 
practice, education on improving land condition and pest control.  We promote pest control 
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activities as ‘business-as-usual actions’ for landholders to ensure long-term outcomes 
which will last beyond the conclusion of any one project.  Improved land management 
practices can increase groundcover, reduce susceptibility to weeds and increase 
productivity. Ultimately, this provides landholders with more time and capacity to control 
pests. 

 

Complementary funding sources have included Reef Trust, Regional Land Partnerships, 
the Regional Agricultural Landcare Facilitator and Grazing Best Management Practice 
programs.  Although these programs do not include funding for pest control or 
coordination, they foster improved management practices on farm and provide 
engagement mechanisms which complement the efforts of our pest programs.  
Participants engaged in these programs have a greater sense of stewardship for their 
properties – which includes pest management.  

 

Workshop engagement 
 

FBA ensures our boarder security guards are skilled.  Capacity building workshops are 
held with all established control groups and promoted through local catchment group 
networks to engage additional landholders.  Promotion of these events is done through 
FBA field staff, rural businesses, community groups and FBA communication channels 
(e.g. websites, social media, email databases and newsletters).  Communication materials 
include digital resources that are accessible into the future.  This extends the learnings 
beyond the life of the project and highlights how works can be achieved by other 
landholders.  
 

There are many demands on landholders’ time and workshop attendance fatigue is a 
serious issue in many regions.  To address this issue FBA uses a four-step strategy:  
 

1. Build strong relationships 
2. Constant engagement 

3. Provide support/incentives 
4. Connect with key influencers  

 
In February 2017 our QNRM Harrisia Cactus Program capacity building event in Taroom 
attracted 85 people (a town with a population of only 869 people).  Our current program 
has over 200 participants registered across 5 regional events, with social media responses 
indicating more interest. 

 
While on-ground works may only extend onto a small number of properties, there are 
always opportunities to engage and educate other landowners and the general community 
on pest management enhance the public benefit and anticipated longevity of the project 
outcomes.  In addition the prevention of pests spreading further onto neighbouring 
properties and public land, as well as water quality, sustainable agriculture and associated 
biodiversity gains are also considerable public benefits. 

 
Strategies for success & learnings 

What works best; 
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 Field staff who are part of the regional community and can advocate for the 
programs benefits 

 Passionate and capable landholders (boarder security guards) 

 Engaged service providers (border control contractors) 

 Continued funding 

 Collaboration between landholders and public and community stakeholders 
What we learnt; 

 Landholders are ready to give up in some cases – seeing the fight as hopeless 

 One delivery agent or approach isn’t enough  

 Landholders don’t need handouts, they need an avenue for coordination 

 Don’t aim for 100% eradication – let’s aim for a pest population we can manage  
 

WHERE TO NEXT? 

The fight to secure our borders will never be over, so we will continue to support our five 
established pest vertebrate control groups in the Dawson area between Injune, Wandoan, 
Cracow and Bauhinia.   
 
A critical success factor of these groups is the positive connection fostered by their 
members.  Promotion of our current program has resulted in landholders in the Three 
Rivers region of the Fitzroy wishing to participate in coordinated and aligned pest control.  
Thanks to the Queensland Government Queensland Feral Pest Initiative Program we are 
able to add these interested landholders into to our coordinated pest control program and 
help them secure their borders.   
 
By actively participating in this project, the various stakeholders have created an extended 
platform through which learnings are promoted.  This method has created ownership and 
made knowledge available to the broader community, who are the channel for long-term 
results into the future. 
 
The solution to border control is local coordinated collaboration. 
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FIELD EVALUATION OF WILD DOG BAITS: DOGGONE OR NOT? 
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ABSTRACT  
 
A field trial was undertaken to assess the palatability of fresh meat and manufactured 
Doggone® baits containing the toxin 1080. Two toxic meat and two toxic manufactured 
baits were placed alternately on the side of vehicle access tracks at intervals > 200 metres 
at 71 trial sites across Cape York Peninsula. Individual baits were monitored with camera 
traps to record animal interactions. To assess palatability baits were categorised as either 
investigated or consumed after being encountered by wild dogs. The results demonstrated 
that the manufactured bait was significantly (P<0.001) less palatable to wild dogs than 
meat but far more target specific (P<0.001).  
 
The use of a bait matrix of reduced palatability is likely to diminish the efficacy of wild dog 
control programs and this result has implications for the design of these programs by land 
managers, industry bodies and government agencies.  
 
Keywords: 1080, manufactured baits, bait palatability. 
 
 
INTRODUCTION 
 
Canis lupus dingo and hybrids, collectively referred to as wild dogs, are considered a 
significant pest within livestock production systems in Australia causing economic loss to 
producers. Among the available control methods for wild dogs, 1080 continues to be the 
most widely used and accessible form of management in rangeland environments. There 
are two broad categories of baits used to present the toxin; meat or manufactured 
matrices. Meat baits generally consist of beef, horse or macropod with bait mass varying 
between 110 grams and 250 grams and containing no more than 10 mg of the toxin 
(APVMA 2014). The manufactured baits currently available to landholders for the purposes 
of wild dog control are De-K9 wild dog baits produced by Paks National and Doggone® 
wild dog baits produced by Animal Control Technologies (Australia) Pty Ltd. 
 
Relative palatability of the varying materials used to deliver 1080 is the subject of 
continued debate amongst both land protection officers and landholders. A range of 
studies (Allen et al. 1989; Eldridge et al. 2000; Bengsen et al. 2011; Moseby et al. 2011; 
Dundas et al. 2014) have provided some insights into palatability but to date no landscape 
scale studies have occurred during control programs to provide comparisons of bait 
preference in a field setting.  
 
The Queensland policy environment in which 1080 baits are delivered has recently moved 
to a model which allows greater public access to manufactured baits; ostensibly allowing 
landholders access to more immediate control and at the same time relieving the 
administrative burden on authorised officers in local and state government.  Understanding 
the trade-offs between bait palatability (for wild dogs) and accessibility (for land managers) 
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should be of interest to both government agencies and anyone delivering control actions 
on the ground.   
 
 
MATERIALS AND METHODS 
 
Study area 
 

The study was conducted between June 2017 and December 2017 on seventeen privately 
owned cattle stations across Cape York Peninsula located within the Cook Shire local 
government area (Figure 1).  

 
Figure 11: Extent of study area and location of trial sites 
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Bait preparation 
 

Two toxic bait types were evaluated in the study, a commercial bait (Doggone®) and a 
meat bait. The commercial baits containing 6 mg of sodium fluoroacetate and composed of 
processed mixed meat meals combined with binders and attractants (J Wishart 2018 pers. 
comm., 27 February) were purchased from Animal Control Technologies Australia. These 
baits required no modification prior to field placement.  

Meat baits were prepared from store supplied sides of rump portioned to parcels of ~250 
grams. Immediately prior to the establishment of trial sites meat baits were injected with 1 
ml of stock solution containing ~6 mg of sodium fluoroacetate/ml. Baits were then handled 
and distributed as per best practice guidelines Biosecurity Queensland (Department of 
Agriculture and Fisheries 2017). 
 
Trial site design 
 
A total of 71 trial sites were established and were designed as a small scale replicate of 
conventional baiting programs. Each site consisted of two manufactured baits and two 
meat baits placed alternately at intervals > 200 metres on the side of tracks. Uovision 
UV595HD cameras were set at each bait location, 3000 mm from baits, to monitor animal 
interactions. Bait placement was largely determined by vegetation conducive to the 
establishment of camera traps. A maximum of three trial sites were established each week 
with cameras and any untaken baits retrieved after 144 to 168 hours. Trial sites were 
established > 5 km apart to maximise the probability that subjects (wild dogs) were unique 
at each site. 
 
Data analyses and statistics 
 

To determine palatability wild dog interactions with baits were categorised as either 
investigated or consumed. Only one outcome was recorded for each bait with 
categorisation determined by the final interaction. Where one or more wild dogs 
investigated a bait that was subsequently consumed the outcome was recorded as 
consumed. Similarly, where a bait was investigated by multiple wild dogs but not 
subsequently consumed, the outcome was categorised as investigated. 

An interaction was recorded as being investigated if an animal was captured physically 
investigating, walking towards or “mouthing” a bait and the bait was found to be present on 
completion of the trial. Consumption was recorded when animals were captured either 
consuming a bait on film or removing a bait from the field of view and the bait was absent 
at completion of the trial.  

Two of each bait type were laid at each trial site to mitigate against non-target interference. 
To ensure independence of samples, if wild dogs interacted with baits of the same type at 
a trial site only the first of these baits to be encountered, as determined by the time/date 
stamp on the images, was included in data analysis. 

Following examination of footage results relating to bait palatability were recorded in a 2 x 
2 table and interpreted using Fisher’s Exact Test by R Studio version 1.1.142.  
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RESULTS 
 
Bait consumption 
 
Of the 142 baits of each type placed during the study a total of 45 meat baits and 19 
manufactured baits were consumed by wild dogs. Table 1 lists total bait uptake by species. 
It is apparent that meat baits were consumed at roughly double the rate of the 
manufactured alternative but were also far less target specific. Of further note, 78% of 
manufactured baits remained in the field at the time of collection. 
 
Table 2: Bait consumption by species 

Outcome Meat baits Manufactured baits 

Pest animal species   
Wild dog and hybrids (Canis lupus dingo) 45 19 
Feral pig (Sus scrofa) 18 4 
Feral cat (Felis catus) 1 2 

Native birds   
Black kite (Milvus migrans) 7 0 
Whistling kite (Haliastur sphenurus) 10 0 
Blue winged kookaburra (Dacelo leachii) 1 0 
Torresian crow (Corvus orru) 5 1 
Wedge-tailed eagle (Aquila audax) 1 0 
Accipitridae1 1 0 

Other   
Birds (no image captured) 19 0 
Yellow spotted monitor (Varanus panoptes) 1 0 
Unknown 5 3 

Not consumed 28 113 

Total 142 142 
1 Bird could not be identified beyond family 

 
Bait palatability 
 
Results for wild dog interactions with both bait types, after removing replicates using the 
methodology discussed above, are presented in Table 2. The difference in palatability was 
found to be significant (P<0.001) with wild dogs exhibiting a clear preference for meat 
baits. Moreover, the data indicated that after encountering baits, wild dogs were more 
likely to consume meat baits (91% of those encountered) than manufactured baits (29% of 
those encountered). 
 
Table 3: Bait palatability to wild dogs 

Outcome Meat bait Manufactured bait 

Investigated 4 34 
Consumed 37 14 

Total 41 48 

   

 
DISCUSSION 
 
A major finding from this study is that Doggone® baits are likely to be less effective in 
reducing wild dog populations due to reduced palatability. Based on this data land 
managers using Doggone® could expect to remove approximately two thirds fewer animals 
than would be eliminated using meat baits. As has been demonstrated in previous 
research the correlation between wild dog density and economic losses is not linear (Allen 
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2014; Fleming et al. 2014) with the result that it is difficult to predict the difference of effect 
between the two bait types in financial terms. However, it is critical that those responsible 
for the design of wild dog management programs are aware of the limitations of 
manufactured baits and modify strategies accordingly. 
 
It is probable that an incomplete understanding of the varying efficacy of bait materials 
used to deliver 1080 has resulted in the design of control programs of reduced 
effectiveness. In circumstances where several adjoining properties participate in a 
coordinated program the assumption is that landholders who use manufactured baits will 
reduce wild dog numbers by the same extent as those using meat baits. A consequence of 
this assumption is a more rapid return to pre-baiting population densities across the entire 
treatment zone because of larger wild dog populations remaining after baiting. The results 
of this study suggest that land managers and government agencies should use the most 
palatable and effective bait material available to ensure the success of future coordinated 
baiting programs.  
 
As manufactured baits are used extensively for wild dog control independent of 
coordinated programs the data gathered from this study will also be of relevance to 
producers. Although any control measure incurs costs, the use of manufactured baits 
involves a direct financial output from producers that is often not required when utilising 
1080 solution provided without charge by government agencies. It is likely that if made 
aware that certain matrices were of inferior palatability to meat, producers may choose to 
restrict wild dog control activities to periods when access to government delivered services 
are provided thus reducing costs and increasing the effectiveness of control measures. 
 
Despite the reduced palatability of manufactured baits there are situations where the 
product could conceivably be useful within an integrated program. In some circumstances 
manufactured baits could be used as an initial control method, prior to implementation of 
more labour intensive methods such as trapping and shooting, or until access to 1080 
solution can be obtained. Additionally, while conjecture at this point, it is possible that wild 
dogs in peri-urban areas may be more likely to consume manufactured baits because of 
increased exposure to human refuse as a food source. It would be beneficial to assess the 
attractiveness of manufactured baits in such circumstances to better inform future 
management programs.  
 
It should also be noted that palatability may vary in response to local environmental 
factors. A behavioural trait that predisposes wild dogs to the consumption of poisoned 
baits is their propensity to scavenge (Corbett 2001). In addition, it has been observed that 
the diets of wild dogs will vary in response to environmental conditions and abundance of 
prey species (Corbett & Newsome 1987; Allen 2010). As the study was conducted on 
Cape York Peninsula during relatively benign environmental conditions it is feasible that a 
relative abundance of resources may have predisposed subject animals to reject a novel 
food type. Although beyond the scope of this study, future research may conclude there is 
a correlation between the relative palatability of manufactured baits and prey abundance 
or environmental conditions. If this was confirmed, the use of manufactured matrices may 
be of increased benefit to land managers operating in arid, semi-arid or drought affected 
regions.      
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ABSTRACT  
 
Red foxes (Vulpes vulpes) are a widespread and abundant invasive carnivore in Australia, 
common in dunes and coastal areas abutting marine shorelines that provide rich foraging 
areas for carrion.  The fundamental hypothesis tested here is an expectation of few 
consistent associations of foxes with landscape attributes and human uses of beaches and 
coastal dunes.  Fox distribution was comprehensively mapped and related to a range of 
potential drivers on sandy beaches and coastal dunes in Eastern Australia.  
Notwithstanding the generalist nature of the species elsewhere, here I show that habitat 
use by red foxes along ocean beaches is not indiscriminate: more foxes occur on beaches 
characterized by high dunes and large expanses of natural vegetation.  Conversely, 
significantly fewer foxes occur where natural dune habitats are lost to urbanization.  Fox 
removal, as part of government-run control efforts, did not affect fox distributions.  Foxes 
are functionally important meso-predators: the disjunct distribution of coastal foxes 
demonstrated here suggests a spatially heterogenous functional signal in coastal food 
webs.   
 
Keywords: Sandy shores, habitat selection, exotic species, carnivores, dunes. 
 
 
INTRODUCTION 
 
Invasive carnivores impact native species, biodiversity, and ecological functions in multiple 
ecosystems globally - their geographic ranges are expanding (Capinha et al. 2015).  
Effectively addressing these threats is a global conservation challenge, requiring multi-
facetted approaches informed by robust data on species biology and ecology (Doherty et 
al. 2016).  For invasive species, this means that by identifying habitat features consistently 
associated with species occurrence, management can be more targeted and cost-effective 
(Anson et al. 2013).  Red foxes are one of the most detrimental invasive carnivores 
(Doherty et al. 2016).  Due to their broad environmental tolerances, extraordinary 
adaptability, and generalist tastes, red foxes are the most widely distributed terrestrial 
carnivore globally (Southgate et al. 2007).  Foxes appear eclectic in their habitat use, 
being common in urban environments, forests, grasslands, marine shorelines, and 
mountains.  Despite decades of work on red foxes, and a sizeable body of literature on 
their habitat use, there is no consensus on habitat selection for the species.  Arguably, the 
reported broad and eclectic ambit of habitat uses by red foxes would lead to a prediction of 
few consistent associations with landscape attributes of beaches and coastal dunes – this 
is the fundamental hypothesis tested in this study. 
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MATERIALS AND METHODS 
 
Study area and fox mapping 
 
I mapped red foxes across a broad ambit of coastal landforms, habitat types, and degrees 
of urbanization, along 108 km of coastline in Eastern Australia (Figure 1).  The marine 
shores of the study area are predominately composed of ocean-exposed sandy beaches, 
interspersed by a few small rocky headlands, estuarine inlets, large dunes and coastal 
suburbs (Figure 1).  This heterogeneous mosaic of landscape features, and human 
modifications to this coastal landscape, provided a good system to gauge habitat 
preferences of red foxes in a coastal setting. 

 
Figure 1.  Location of red fox survey sites (n = 192) in SE - Queensland, Australia. Insets 
show examples of variation in landforms and development intensities, (a) high dunes and 
no urbanisation, (b) high dunes and moderate urbanisation, (c) low dunes and no 
urbanisation, and (d) low dunes and high urbanisation.   
 
Fox occurrence was measured with motion-detecting camera traps at 192 sites (Figure 1). 
Two Scoutguard Zero Glow 8M were set at the dune-beach interface and baited with 
whole fish (mullet, Mugil cephalus).  Cameras were deployed over two days, first set after 
sunset on day one and checked, with bait replacement, every 12 hours.  Thus, fox 
presence was detectable over two nights, and occurrence during either nocturnal 
recording period is treated as a fox being present at a particular locality. 
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Environmental variables 
 
I measured 14 environmental variables that have either been identified in the literature as 
having an influence on fox distribution or for which specific predictive hypotheses could be 
put forward.  The environmental variables used for building the fox presence generalized 
additive model were; urban land cover, distance to human settlement, domestic dog 
presence, total road length, access points, reserve area, forest cover, distance to estuary, 
low lying areas/wetlands, water body, dune height, terrain ruggedness, fox control type, 
and fox removal.  
 
Data analysis 
 
All potential predictor variables (n = 14) were assessed for pronounced co-linearity, using 
Pearson’s correlation coefficients as a guide.  For all pairwise correlations > 0.7, I retained 
those variables that can be considered to be a more specific metric for the coastal 
environments sampled. The final set of eight predictors was: urban land cover, domestic 
dog presence, number of access points, low-lying areas, water bodies, dune height, terrain 
ruggedness, and fox removal. 
 
As data on fox control effort and fox removal were only available for sites south of Noosa, I 
conducted a diagnostic test to determine whether fox control measurably influenced fox 
presence.  The variable ‘fox control’ was the least important predictor of fox presence 
(importance = 0.17) and was therefore not further tested in the full model runs using fox 
and environmental data for all sites (n = 192).  This was done using a Generalised Additive 
Model (GAM).  Best fitting models were selected by fitting a maximum GAM containing all 
remaining environmental predictors and running a multi-model inference, using weighted 
delta Akaike Information Criterion (AIC) values to compare model fits.  Best-fit models 
were considered to be those within two ∆ AIC of the model with the lowest AIC. The 
importance of individual environmental variables in predicting fox presence was gauged by 
summing the weighted AIC values for each model containing that variable. 
 
 
RESULTS 
 
Three environmental attributes strongly shaped fox distribution: dune height, urban land 
cover, and terrain rugosity (Table 2; Figure 2).  Dune height was the best predictor of fox 
presence, with foxes occurring more frequently on beaches backed by dunes 10 metres or 
higher (Figure 3a).  Urbanization (indexed by the cover of urban land in a typical fox home 
range) also strongly influenced fox distributions (Figure 2); markedly more foxes were 
found along shorelines of reserves characterised by large tracts of natural vegetation 
whilst fewer foxes scavenged on urban beaches (Figure 3b).  Dunes with a more varied 
topographic relief supported significantly fewer foxes (Figure 3c).  Other predictors tested 
were either not significant when included in best-fit models, had low importance values as 
predictors, or both [e.g. water bodies; domestic dogs, access points (Table 2, Figure 2)].  
Foxes were most commonly found on beaches characterised by taller dunes, low 
urbanisation and correspondingly large natural areas such as the beaches and dunes 
north of Noosa (Figure 4).  
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Table 2. Best-fit generalised additive models (GAMs) relating fox distribution to a range of 
environmental predictors (cf. Table 1; *** = p < 0.001, ** = p < 0.01, * = p < 0.051, 
ns = p > 0.05).  
Model Variable 1 Variable 2 Variable 3 Variable 4 df ∆AICc 

1 Dune height ** Urban land cover ** Terrain rugosity ** Water body ns 9 - 

2 Dune height *** Urban land cover ** Terrain rugosity *  8 0.79 

3 Dune height ** Urban land cover ** Terrain rugosity * Domestic dog presence ns 9 0.90 

4 Dune height *** Urban land cover ** Terrain rugosity * Number of access points ns 9 1.10 

 

 
Figure 2.  Comparison of the relative importance of modelled environmental variables in 
predicting fox presence.  Importance values are the sum of the weighted AIC values for 
each GAM model containing that variable.  Larger importance values denote a stronger 
association of fox presence with a particular variable. (Importance values < 0.6 are 
regarded to have little effect in models and this is reflected by colour (blue > 0.6, red < 0.6) 
with colour saturation reflecting numerical values).   
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Figure 3.  Relationship of fox occurrence in relation to the four environmental variables 
included in the best GAM model: a) dune height, b) urban land cover, c) terrain rugosity, 
and d) water body (cf. Figure 2).  Plots are the effects of individual variables, accounting 
for other predictor variables, estimated by generalised additive models (GAMs); shaded 
areas show 95% Bayesian intervals. Variables with importance values > 0.6 are plotted in 
blue, and importance values < 0.6 are plotted in red (cf. Table 2 and Figure 2). 
 
 

Figure 4.  Variation in fox occurrence in relation to dune height and urban land cover 
along beaches of the study area. For visual clarity, distributions are shown in three 
sectors: a) Double Island Point to north of Teewah (left panel), b) Teewah to Coolum 
beach (centre panel), and c) Coolum to Caloundra (right panel). 
 
 
DISCUSSION 
 
Red foxes are highly adaptable, generalist predators that occur in an extraordinary broad 
ambit of habitat types, ranging from arctic seashores to the edge of the Arabian deserts 
(Southgate et al. 2007).  Despite decades of research on habitat use by red foxes, there 
appears to be little consensus of the principal factors that shape their distributions and 
habitat selections.  In addition, red foxes are a functional component of the food-web on 
many marine shorelines and the abutting terrestrial zones (Huijbers et al. 2016), yet 
habitat use in these settings remains largely unknown.  Considering the mixed reports of 
habitat use by this highly generalist species elsewhere, red foxes may have weak affinities 
to particular features of the coastal landscape.  Here I show habitat use by red foxes along 
ocean beaches is not indiscriminate: foxes are more likely to be found on beaches 
characterized by high dunes and large expanses of natural vegetation.  Conversely, foxes 
are less likely to be found where tall dunes are not contiguous and where dunes have 
been transformed into urban areas or cities.  I examined the influence of a wide variety of 
predictors on fox distribution, and found foxes were not strongly associated with the 
majority of these variables, including; water bodies and low-lying areas; beach access 
points; domestic dogs; and council-run fox control programs. 
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Invasive carnivores are widely viewed to impact populations of native species (Doherty et 
al. 2016).  In Australia, the detrimental impact of red fox populations to native species has 
been widely and comprehensively documented for decades (Anson et al. 2013).  
Effectively reducing this impact and conserving coastal biodiversity and function is 
contingent upon the ability to successfully identify key habitat features associated with the 
distribution of this invasive species.  In this context, I have shown that red foxes at the 
edge of the sea are not indiscriminate.  Rather, tall dunes outside of urbanized sections of 
the coast appear to be favourable fox habitats in a landscape dominated by exposed 
sandy beaches backed by coastal dunes and interspersed by urban development.  This is 
the setting for much of the subtropical and temperate coastline of Australia, offering a vast 
geographic tapestry to test how models of fox habitat choice can spatially refine how 
invasive predators are managed more broadly. 
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