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WELCOME

The inaugural Queensland Weed Symposium (QWS) was held in Central Queensland in 
recognition of the impact of weeds on primary productivity, profi tability and the environment. 
Initiated by the Weed Society of Queensland in 1990, the state-wide symposium was borne 
out of a need to promote and educate delegates on effi cient, practical and safe management 
of weeds. In 2009, the QWS celebrates two decades of work on increasing awareness, 
knowledge and understanding of weed issues across Queensland. 

With the theme, ‘Managing weeds in a climate of change’ the 10th QWS includes two 
days of presentations on weed management and ‘change’ over this period with respect to 
social, environmental, and economic impacts, technological advances and adaptations to 
management practices to ensure more effective and effi cient outcomes. 

2009 is also a celebration of 20 years of research and activity focused at practical, on-
ground weed control and weeds management. Field trips will be conducted which showcase 
local weed problems but represent regional, state and national management initiatives. 

The QWS09 embraces all aspects of weeds and their management and once again delegates 
will have the opportunity to visit the various trade displays and attend a number of social 
functions that provide suffi cient time for refl ection and networking opportunities. 

On behalf of the organising committee, I trust that delegates take away valuable information 
and tools from the Symposium which assist them when undertaking various weed management 
activities. We also trust that the experience will once again be enjoyable and above all, that 
the Symposium continues to be a benefi t to all delegates well into the future. 

Trudy Baker 
Chair
10th Queensland Weed Symposium
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SPONSORS

The 10th Queensland Weed Symposium Organising Committee would like to thank 
the following sponsors for their contribution. Without their support this Symposium 

would not be possible:
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10th Queensland Weed 
Symposium Secretariat

Eventcorp Pty Ltd
PO Box 3873

South Brisbane BC Qld 4101
Tel: +61 7 3334 4460
Fax: +61 7 3334 4499

Email: wsq@eventcorp.com.au 
www.wsq.org.au



The Zoo
Rockhampton Zoo, 
situated amongst 
the Botanic Gardens 
is home to over 50 
species of Australian 
native and exotic 
animals. A must see 
for the entire family!

Phone  1300 22 55 77
Website  www.rrc.qld.gov.au

the most liveable community in the world
The Rockhampton Region

Rockhampton Tourist & Business Information 
(07) 4922 2285   www.rockhamptoninfo.com

Archer Park 
The museum features 
the only operational 
Purrey Steam Tram in 
the world. The life-like 
mannequins will take 
you back to  the World 
War II era.

Mt Morgan
Mt Morgan, integral 
to our region’s 
history is home to at 
least nine heritage 
listed buildings and 
Jurassic era dinosaur 
footprints!

Heritage Village 
An active township 
museum where 
visitors can experience 
the rich and colourful 
history of the 
Rockhampton District. 

Botanic Gardens
Regarded as among 
the best in regional 
Australia the Botanic 
Gardens is the ideal 
setting to meet with 
friends while enjoying 
a meal under the 
shady Banyan figs.

Riverside Park
Take a deserved break 
and wander along the 
picturesque banks 
of Rockhampton’s 
Riverside Park along 
the Fitzroy River.

Caravan Parks
Enjoy a stay at our 
shaded beachside 
caravan parks at 
‘Beachside’, Yeppoon; 
‘Bell Park’, Emu 
Park & ‘Bill Kingel’ 
Keppel Sands.

Art Gallery
Remember! Pop in to 
the Rockhamption 
Art Gallery to see 
Central Queensland 
through the eyes of 
our region’s most 
talented artists.

Yeppoon Beaches
Soak up the tranquility 
of one of Yeppoon’s 
many beaches, then 
treat yourself to a bite 
to eat from one of the 
many alfresco cafés. 

Mt Archer
Take a drive to Mt 
Archer and breathe 
in the magnificent 
views. After a 
picnic, why not 
take a stroll in the 
Environmental Park.
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THE WEED SOCIETY OF QUEENSLAND

The Weed Society of Queensland (WSQ) was founded in 1975. The Society is a member of 
the Council of Australasian Weed Societies (CAWS), the peak Australian professional weed 
body. Now in it’s 33rd year, one of the aims of WSQ is to provide opportunities for those 
interested in weeds and their control to exchange information and ideas based on research 
and practice. The WSQ has a long history of organising conferences and symposia:

Conferences
1981 Gold Coast Australian Weeds Conference 
1993 Brisbane Australian and 14th Asia-Pacifi c Weed Science Society Conference
2008 Cairns 16th Australian Weeds Conference

Symposia
1990 Rockhampton Inaugural Qld Noxious Weeds Workshop 10–12  July
1992 Townsville 2nd Symposium, James Cook University 7–9  July
1994 Toowoomba 3rd Symposium, University of Southern Qld 12–14  July
1996 Longreach 4th Symposium, Longreach Pastoral College 23–26  June
1998 Cairns 5th Symposium, Righa Colonial Club Resort 22–24  September
2000 Caloundra 6th Symposium, Caloundra Civic Centre 10–13  July
2002 Emerald 7th Symposium, Emerald Pastoral College 25–27  June
2005 Townsville 8th Symposium, Jupiters Townsville 19–22  June
2007 Gold Coast 9th Symposium, Holiday Inn Surfers Paradise 3–6  June

WSQ Executive Committee 2009
President John Hodgon
Vice-President Rachel McFayden
Immediate Past President Nick Bloor
Treasurer Chris Love
Secretary Michael Widderwick
CAWS Representative Dorean Erhart
Newsletter Editor Jane Morton
Assistant Newsletter Editor Steve Walker
Website Editor Sheldon Navie
SE Qld Representative Jen Ford
Darling Downs Representative Jeff Werth
North Qld Representative Simon Brooks
Pest Animals Representative Lavinnia Fiedler
Queensland Weed Symposium Representative Trudy Baker

10th Queensland Weed Symposium
26–29 July 2009, Capricorn Resort, Yeppoon, Queensland



10th Queensland Weed Symposium
26 – 29 July 2009, Capricorn Resort Yeppoon, Queensland

6

Organising Committee of the 10th Queensland Weed Symposium 2009
Peter Austin

Trudy Baker (Chair)

Dan Beard

Craig Butler

Ian Dare

Graham Fossett

Susan Kinnear

Ross Lanyon

Chris Love

John Reeve

Caroline Sandral

Belinda Shaw

Gordon Twiner

Catrina Wolski

Reviewers
Trudy Baker

Shane Campbell

Tony Grice

Susan Kinnear

Caroline Sandral

Please enjoy the Symposium and we hope it provides you with valuable information, 
inspiration and networking opportunities.  

John Hodgon
President WSQ
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10th Queensland Weed Symposium
26 – 29 July 2009, Capricorn Resort Yeppoon, Queensland

SYMPOSIUM INFORMATION

GENERAL INFORMATION

Registration Desk
The Registration Desk for the 10th Queensland Weed Symposium will be located in the 
Palms Foyer at Capricorn Resort. Please direct all inquiries to the staff at the desk. 

Opening Hours
 Sunday 26 July 2009 4.00 pm–6.00 pm
 Monday 27 July  7.30 am–5.00 pm
 Tuesday 28 July 2009 Field Trips
 Wednesday 29 July 2009 7.30 am–5.00 pm

Mobile Phones & Pagers
As a courtesy to speakers and other delegates, please ensure that all mobile phones and 
pagers are switched off during the Symposium sessions. 

Dress Code
The standard of dress for the Symposium and all social functions is smart casual. 

Cancellation/Refunds
Please note that no refunds will be issued by the Symposium Secretariat for any social 
functions and/or Symposium registration pre-booked onsite at the Symposium. 

Liability
In the event of circumstances beyond the control of the 10th Queensland Weed Symposium 
2009 and/or the Symposium Organisers, no responsibility will be accepted for any losses 
incurred. 

Name Badges
Name badges should be worn at all times during the Symposium as they are required for 
entry to all Symposium sessions, social functions and the exhibition area. Your name badge 
can be found in your registration envelope.

Social Function & Field Trip Tickets
Tickets to the social functions and your pre-nominated Field Trip (if applicable) can be found 
in your registration envelope. Tickets are required for entry to all social functions and Field 
Trips so please do not lose these. 
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Special Diets
Delegates with special dietary requirements who have advised the Symposium Secretariat 
via their registration form MUST make themselves known to the serving staff at all 
refreshment breaks and functions. Delegates who have not previously advised of special 
dietary requirements should advise the staff at the Registration Desk immediately so that 
arrangements can be made. 

Taxis
Capricorn Coast Taxis service Yeppoon. For bookings phone 131 008.

Study options are available to 
suit any level of experience and 
knowledge and can be studied via 
distance education. CQUniversity 
provide career entry and professional 
development educational 
opportunities in the areas of; 

Environmental Management 
Environmental Science 
Water Resources Management 

APPLICATIONS ARE NOW OPEN. 

ENHANCE YOUR CAREER BY STUDYING 
WITH CQUniversity 

BE WHAT YOU WANT TO BE

13CQUni 13 27 86

www.cquni.edu.au
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26 – 29 July 2009, Capricorn Resort Yeppoon, Queensland

Parking
Complimentary car parking is available at Capricorn Resort Yeppoon to all Resort guests 
and Symposium delegates. 

Public Transport
Surfside buses service the Gold Coast 24 hours a day at four to fi ve minute intervals in 
peak periods. Surfside also transport visitors to all the Gold Coast theme parks. For more 
information, phone 07 5536 7666.

Business Support
Capricorn Resort Yeppoon’s Internet Café (Business Centre) is located within Reception 
and contains three desktop computers with Internet access, a printer and basic Microsoft 
Offi ce software. Internet access at the Business Centre is charged at $2.00 per 10 minutes 
and is available 24 hours a day. 

Evaluation
Please help us improve our program by completing the evaluation form provided and 
returning it to the Registration Desk. 
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SYMPOSIUM LOCATION MAP

The Capricorn Resort Yeppoon is located in Rydes Access Road, Farnborough, about 
9.5 km north of Yeppoon, and indicated by the A on the map.

A
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10th Queensland Weed Symposium
26 – 29 July 2009, Capricorn Resort Yeppoon, Queensland

SOCIAL PROGRAM

Welcome Reception
Sunday 26 July 2009, 6.00 pm – 8.00 pm. Beach Pool Lawn, Capricorn Resort Yeppoon

Register for the Symposium at the Registration Desk and then reunite with your industry 
colleagues beside the luxurious Beach Pool, all whilst enjoying the complimentary drinks 
and a hardy Australian Sausage Sizzle. 

Tickets are included in all Full Registration fees. Additional tickets can be purchased at the 
Registration Desk for $55.00 per person.

Symposium Dinner
Sponsored by Rockhampton Regional Council 
Monday 27 July 2009, 7.00 pm –11.00 pm
Jucarra and Golden Cane Room, Capricorn Resort Yeppoon

The Queensland Weed Symposium night of nights! The Symposium Dinner offers fantastic 
networking opportunities and an entertainment program bursting at the seams. Feast on a 
freshly prepared meal by Capricorn Resort’s gifted chefs. 

Tickets are included in all Full Registration fees. Additional tickets can be purchased at the 
Registration Desk for a cost of $95.00 per person.

FIELD TRIPS

Tuesday 28 July 2009, 7.15 am – 5.40 pm

Co-sponsored by Stanwell Corporation, Fitzroy River and Coastal 
Catchments Inc. and National Rubber Vine Management Group

Coaches depart and return to Capricorn Resort, Farnborough Road, Yeppoon. Field Trips 
are inclusive with all Full Symposium registrations and Tuesday Day registration. 
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Field Trip 1 – Weed Wars on Central Queensland Grazing & Industrial Lands
Departing Capricorn Resort at 7.15 am

Site Weed Species/Management Strategies Location

1 Delegates travel to Cawarral to view the Class 1 weed, Badhara bush, 
where discussions and demonstrations will be held on its ecology and 
control.

Cawarral

2 Heading west to ‘Esher’, Dululu, the application and importance of 
rubber vine management within the Strategic Containment Line will be 
discussed.

‘Esher’, Dululu

3 Delegates will visit Stanwell Power Station and observe the 
integration of weed management into Stanwell Power Station’s annual 
operations. Lunch will be provided ‘on site’ where delegates will have 
opportunity to tour the plant and view some of the successes in weed 
management at Stanwell.

Stanwell

4 View a live demonstration of the SunWater portable washdown pads. 
Erected at strategic locations, these facilities assist in weed spread 
prevention measures.

Stanwell

5 Travel along the Fitzroy River Flood Plain and observe the dynamics 
of weed infestations such as prickly acacia, rubber vine and 
parkinsonia.

Fitzroy River 
Flood Plain

Field Trip 2 – Coastal Plains & Management of Exotic Grasses
Departing Capricorn Resort at 8.00 am

Site Weed Species/Management Strategies Location

1 Travel to the picturesque Greenlakes region to examine weed 
management and grazing regimes within plantation forestry.

Greenlakes

2 Visit Canal Creek Station and discover the successes and pit falls 
associated with control of giant rats tail grass (GRT).

Canal Creek 
Station

3 Travel north to the spectacular limestone formation of the Capricorn 
Caves. Weed issues and their management will be discussed, together 
with a trip inside the caves.

Capricorn Caves

4 Return to the Nationally Signifi cant Capricorn Resort Wetlands and 
enjoy wine and cheese while observing hymenachne management.

Capricorn Caves
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Field Trip 3 – Best Management Practices in Action
Departing Capricorn Resort at 7.30 am

Site Weed Species/Management Strategies Location

1 Travel along the stunning Capricorn Coastline to Sandy Point and 
observe best management practices together with collaborative 
management of weed species.

Sandy Point

2 Delegates travel to Bluff Point where rehabilitation of a high 
conservation coastal environment will be showcased.

Bluff Point

3 Visit Cocoanut NP and learn about weed mitigation activities 
undertaken by community groups in collaboration with Seaspray 
Resort.

Emu Park

4 Away from the coast, delegates travel to Cawarral to discuss the 
ecology and control of the Class 1 weed Badhara bush.

Cawarral

5 Visit Rockhampton Regional Council’s Salvinia Biocontrol facility. Yeppoon

Productive, profitable....
 Healthy landscapes

Join the dots - call FRCC today on 4921 0573
www.frcc.org.au          75 Canning St, Rockhampton      

best grazing practice is...?
the most effective way to control weeds is...?
my plan for the future is...?

PR
08

-3
49

6

Visit the WoNS display or website:
www.weeds.org.au/WoNS

Weeds of National Significance
... destroying Australia’s landscapes

The WoNS program ... coordinating the effort 
against 20 of Australia’s worst invasive plants.
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The Woody Weed Specialists.

For more information call toll free 
1800 700 096 or visit 

www.dowagrosciences.com.au

Dow AgroSciences Australia Limited ABN 24 003 771 659  20 Rodborough Road, Frenchs Forest, NSW 2086.  

Always read the label and follow instructions. ™ Trademark of Dow AgroSciences Australia Limited
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TRADE EXHIBITION FLOOR PLAN

Alexander Room and PCC Foyer
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LIST OF EXHIBITORS Booth No.

Capricorn Pest Management Group No. 15
Contact: Trudy Baker
Address: PO Box 1624
  Rockhampton Qld 4700
T: 07 4921 0962    F: 07 4927 0166 
E: trudy.baker@dlgpsr.qld.gov.au 
W: www.cpmg.org.

CQUniversity Australia No. 8
Contact: Suzi Blair
Address: Bruce Highway
  North Rockhampton Qld 4702 
T: 07 4923 2871    F: 07 4923 2435
E: s.blair@cqu.edu.au
W: www.cqu.edu.au

Desert Channels Queensland No. 4
Contact: Brett Carlsson
Address: 62 Galah Street
  Longreach Qld 4730
T: 07 4658 0600    F: 07 4658 0122 
E: brett.carlsson@dcq.org.au
W: www.dcq.org.au 

Dow AgroSciences No. 12
Contact: Jim Phimister
Address: Locked Bag 502
  Frenchs Forest NSW 1640
T: 02 9776 3421    F: 02 9776 3435
E: jphimister@dow.com
W: www.dowagro.com/au

Environmental Protection Agency  No. 6
Contact:  Dan Beard 
Address:  61 Yeppoon Road
  Parkhurst Qld 4702
T: 07 4936 0528    F: 07 4936 2171
E: dan.beard@epa.qld.gov.au
W: www.epa.qld.gov.au 

Fitzroy Basin Association Inc. No. 14
Contact: Mike Bent
Address: PO Box 139
  Rockhampton Qld 4700
T: 07 4999 2800    F: 07 4921 2860 
E: michael.bent@fba.org.au
W: www.fba.org.au

Gofarm  No. 2
Contact: Trent Hindman
Address: 254 Denison Street
  Rockhampton Qld 4700
T: 07 4922 1088    F: 07 4922 6930 
E: rockhampton@gofarm.com.au
W: www.gofarm.com.au

Graejac Pty Ltd Lawn Area
Contact: Graeme Wehmeier
Address: 12 Belyando Avenue
  Moranbah Qld 4744
T: 0488 100 631    F: 07 4941 8366
E: graejac@bigpond.com
W: www.graejacweedcontrol.com.au

TRADE EXHIBITION

The Trade Exhibition is located in the Alexander Room and PCC Foyer at Capricorn Resort 
Yeppoon. 

The Exhibition will be open during the following times:
Monday 27 July 2009 8.00 am–3.45 pm
Wednesday 29 July 2009 8.00 am–1.15 pm
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Invasive Plants & Animals, Biosecurity Qld  
Contact: John Cross No. 13
Address: GPO Box 46, Brisbane Qld 4001
T: 07 3405 5536    F: 07 3405 5551
E: john.cross@dpi.qld.gov.au
W: www.dpi.qld.gov.au/cps/rde/dpi/hs.xsl/
 4790_ENA_HTML.htm

Land & Water Australia No. 7
Contact: Teresa Oppy
Address: GPO Box 2182
  Canberra ACT 2601
T: 02 6263 6065    F: 02 6263 6099
E: teresa.oppy@lwa.gov.au
W: www.lwa.gov.au

Macspred  No. 5
Contact: Mal Ferguson
Address: PO Box 39
  Archerfi eld Qld 4108
T: 07 3274 3443    F: 07 3274 3773
E: maltf@macspred.com.au
W: www.macspred.com.au

Powerlink Queensland No. 3
Contact: Lauren Barton
Address: PO Box 1193
  Virginia Qld 4014
T: 07 3860 2074    F: 07 3860 2209
E: lbarton@powerlink.com.au
W: www.powerlink.com.au

Quikcorp Pty Ltd No. 1
Contact: Michelle O’Loughlin
Address: 37 Production Avenue
  Warana Qld 4575
T: 07 5493 8944    F: 07 5493 8957
E: michelle@quikcorp.biz
W: www.quikcorp.biz

Rockhampton Regional Council 
Contact: Alesha Duff Nos. 10–11
Address: PO Box 1860
  Rockhampton Qld 4700
T: 07 4936 8386    F: 07 4922 7351
E: Alesha.Duff@rrc.qld.gov.au
W: www.rockhamptonregion.qld.gov.au 

SunWater  No. 17
Contact: Karen Rose
Address: 120 Edward Street, PO Box 15536
  City East Qld 4002
T: 07 3120 0075    F: 07 3120 0261
E: karen.rose@sunwater.com.au
W: www.sunwater.com.au 

Technigro  No. 16
Contact: Colleen Dombroski
Address: PO Box 2038
  Burleigh BC Qld 4220
T: 1800 678 611    F: 1800 678 622
E: colleen.dombroski@technigro.com.au
W: www.technigro.com.au

Weeds of National Signifi cance No. 9
Contact: Colleen Dombroski
Address: PO Box 96
  Newstead Tas 7250
T: 03 6344 9657    F: 03 6343 1877
E: jthorp@jta.com.au
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For more information about SunWater 

visit our website at

www.sunwater.com.au

For more information about SunWater

visit our website at

SunWater
Proudly supporting the

10th Queensland Weed Symposium
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The following papers have been provided by speakers and poster presenters. Where no 
paper has been provided, an abstract has been included.

The papers in this publication have not been refereed, and do not necessarily represent the 
views of the Weed Society of Queensland. They should not be used as references without 
the prior approval of the authors. The Weed Society of Queensland accepts no responsibility 
for any person acting or relying on information contained within this publication and disclaims 
all liability for any error, omission, loss or other consequence which may arise from persons 
relying on anything contained in this publication.

Additional copies of these proceedings are available from the Publishers:
The Weed Society of Queensland Inc.
PO Box 18095
Clifford Gardens Qld 4350

ISSN 1834-7460

 

 
The Capricorn Pest Management Group Inc. (CPMG) was formed in 1999 to 
establish a ccoordinated approach to weed and pest animal management in 
the Capricorn region of Central Queensland.  
 
CCooperative Management aims to: 

 PPrevent the introduction and establishment of new pests. 
 LLimit the spread of established pests. 
 RReduce the impact of infestations.    

 
 
Since the Groups inception over $1M has been injected 
for the management of weeds and pest animals.   

“Support and 
coordination of pest 
management in 
Central Queensland” 

 

wwww.cpmg.org.au  
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The Conference Organisers reserve the right to change the Program, Speakers, Events 
and/or Times, Dates, Prices and other details as necessary

PROGRAM

MONDAY 27 JULY 2009

Opening Session Page
Sponsored by CQUniversity Australia

8.30 am Offi cial Welcome and Opening 
Trudy Baker, Chair Organising Committee

Keynote speaker: Dr David Hilbert
Climate change in Australia and challenges for its biodiversity 26

Keynote speaker: Professor Bob Miles
Climate change – What it means for weed management and NRM 27

10.15 am Morning tea and viewing of trade displays and posters
Sponsored by Macspred

Session 1. Best Management Practice – Regional Strategies & Challenges
Sponsored by Desert Channels Queensland

10.45 am The cross regional hymenachne management strategy – Setting the 
scene for Informed pest management – Travis Sydes 29

Regional weed management priorities – The development of the Fitzroy 
Basin Weed Management Strategy – Trudy Baker 33

Success and failure – Weed control in the Desert Channels Region 
– Peter Douglas 37

Predicting and managing invasive plant impacts at the landscape to 
regional scale – Rieks van Klinken 42

Ecological and evolutionary adaptations of Paterson’s curse and 
implications upon invasivity across southern Australia – Leslie Weston 44

12.30 pm Lunch and viewing of trade displays and posters
Sponsored by Dow AgroSciences
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and/or Times, Dates, Prices and other details as necessary

Session 2. Environmental Issues – Climate Change Page
Sponsored by Fitzroy Basin Association

1.30 pm Strategic weed management under climate change – Invasive Species 
Plans – Richard Carter 48

Weeds research in a changing climate – Judy Lambert 55

Pro-active management of weeds based on their potential distributions 
under changing climatic conditions – Helen Murphy 61

Translocating plant material for restoration purposes – potential climate 
change mitigation measure or weed risk? – Jason Weber 68

2.50 pm Extended poster viewing session

3.30 pm Afternoon tea and viewing of trade displays and posters
Sponsored by Powerlink Queensland

Session 3. Best Management Practice – Weed Management by Industry & 
 Government
Sponsored by Capricorn Pest Management Group

3.45 pm Weed management in the Shoalwater Bay Military Training area – 
An integrated management approach – Tennille Danvers 73

Weed management planning – From spot fi res to strategy – Karen Rose 77

Risk assessment based weed prevention strategy – Belinda Yep 82

Panel session
Managing weeds under climate change 
Bob Miles (Miles Consulting Service), John Thorp (John Thorp Australia), 
David Hilbert (CSIRO), Judy Lambert (Land and Water Australia)

TUESDAY 28 JULY 2009

Field Trips
Co-sponsored by Stanwell Corporation, Fitzroy River and Coastal Catchments Inc. and 
National Rubber Vine Management Group

Trip 1 Weed Wars on Central Queensland Grazing and Industrial Lands 

Trip 2 Coastal Plains and Management of Exotic Grasses 

Trip 3 Best Management Practices in Action 
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The Conference Organisers reserve the right to change the Program, Speakers, Events 
and/or Times, Dates, Prices and other details as necessary

WEDNESDAY 29 JULY 2009

Session 4. Technological & Environmental Issues – New & Improved  Page
 Control Options 

8.30 am Experiences associated with the use of fi re in weed management 
– Shane Campbell 87

Spraying the weed Hymenachne amplexicaulis with glyphosate – 
What impact on the environment? – Leo Duivenvoorden 92

IVMP – a sustainable model for managing mown vegetation 
– Nick Bloor 97

Biological control of bellyache bush (Jatropha gossypiifolia) – current 
research and future prospects – Di Taylor 102

Pest management on Queensland’s protected areas – John Hodgon 106

10.10 am Morning tea and viewing of trade displays and posters
Sponsored by Graejac Pty Ltd

Session 5. Technological Issues – Biosecurity & New Threats
Sponsored by Land & Water Australia

10.45 am Watch out for the purple plague! Status of the eradication of Miconia 
calvescens from Australia – Simon Brooks 109

The Mexican feather grass response in Queensland – Martin 
Hannan-Jones 115

Terrestrial and aquatic weed detection using robotic aerial systems 
– Salah Sukkarieh 120

Eradication of Hudson pear identifi ed at Mundubbera – or Just Luck! 
– Chris Love 125

Progress on the biological control of invasive subtropical aquatic 
weeds – Shon Schooler 130

12.25 pm Lunch and viewing of trade displays and posters
Sponsored by Technigro
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and/or Times, Dates, Prices and other details as necessary

Session 6. Social Issues – Weeds in the Community & in the Future Page

1.15 pm Parthenium weed – Current management and the health effects of the 
plant on the community – Peter Austin 135

The response of wild oats to climate change – Chris O’Donnell 140

Grazing Land Management workshops – A pathway to engaging graziers 
– Caroline Sandral 145

Positive practice change through participatory action learning 
– Michael Widderick 149

Panel session 
Joining forces for the future – Industry, government and community 
John Hodgon (QPWS), Peter Douglas (Desert Channels), Darren Wilson 
(RoadTek), Geoff Maynard (Landholder)

Closing comments 
Trudy Baker Chair Organising Committee

POSTER PRESENTATIONS
 Page
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KEYNOTE SPEAKER

Dr  David Hilbert
Principal Research Scientist, CSIRO Townsville

Dr David Hilbert (BA, MSc, PhD) is currently a principal scientist with CSIRO Sustainable 
Ecosystems, adjunct associate professor at James Cook University and a member of the 
Scientifi c Advisory Committee of the Wet Tropics Management Authority. Previously he was 
a professor in the Department of Biological Sciences, Université du Québec à Montreal and 
a fellow of the Center for Climate & Global Change Research, McGill University. Before 
that, he was research fellow at the Systems Ecology Research Group, San Diego State 
University. He has worked in the area of climate change and the impacts on biodiversity for 
more than 25 years.

CLIMATE CHANGE IN AUSTRALIA AND CHALLENGES FOR 
ITS BIODIVERSITY

This presentation will provide an update on the global carbon budget with its implications for 
climate change, present the latest climate change projections for Australia and Queensland, 
discuss the direct impacts, generally, for Australia’s and Queensland’s biodiversity, indicate 
the importance of climate change interactions with other global change drivers and introduce 
the signifi cance of invasive species, especially weeds.

Unfortunately, anthropogenic emissions of CO2 have been accelerating in the last decade 
and are now beyond the worst case scenario considered in the previous reports of the 
Intergovernmental Panel on Climate Change. It is now also becoming likely that the capacity 
of terrestrial and marine systems to absorb and counteract anthropogenic emissions is 
declining. The best available climate change projections for Australia and Queensland show 
signifi cant warming as well as large, but uncertain, changes in rainfall patterns. How these 
climatic changes will affect our biodiversity and what adaptation options are possible is 
an ongoing research question. While the specifi cs are not well known, it is clear that the 
impacts of climate change on biodiversity will also depend on interactions with other global 
change drivers including land use change and likely increases in the importance of invasive 
species. Environmental weeds are now a very large issue for Australia and Queensland and 
may become more important as the climate changes rapidly.

ORAL PRESENTATIONS
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KEYNOTE SPEAKER

Professor  Bob Miles
Executive Director, Miles Consulting Service

Bob Miles has more than twenty years experience in research related to sustainable regional 
economic development and the use and management of Australia’s Natural Resources. 
Bob was awarded his PhD in 1993 following extensive research into the economics and 
processes of land degradation in the Mulga Lands of south-west Queensland. Since then 
Bob has held a range of senior management positions within Queensland’s DPI, including 
General Manager of the Offi ce of Rural Communities (a whole of Government portfolio) and 
Regional Director for DPI. 

Bob was also the Executive Director of the Institute for Sustainable Regional Development 
(ISRD) at CQUniversity Australia and has also acted as the Pro Vice Chancellor for Research 
and Innovation, CQUniversity Australia. Currently, amongst other roles, Bob is the Principal 
Consultant for the United Nations Department of Economic and Social Affairs on the Poverty 
Environmental Nexus.

CLIMATE CHANGE – WHAT IT MEANS FOR WEED MANAGEMENT 
AND NRM

Climate change is now recognised as one of the most signifi cant social, economic and 
environmental challenges confronting the world today. However the level of community 
and industry knowledge and understanding of the implications of climate change for NRM 
is fragmented by confl icting information, insuffi cient research and political inaction. For 
example each year weeds cost the Australian economy millions of dollars in lost production, 
eradication, containment and management, but very little effort to-date has been placed on 
assessing the impact or implications of climate change on weeds. The ecological, commercial 
and social implications from changes in the distribution and abundance of weeds are likely 
to be high but to-date only limited resources are being directed at the research needed in 
this area. What is now required is an objective synopsis of the available evidence to date 
and an evaluation of the likely impacts to the environment, the community and the industry. 

The reason why this information is urgently needed is that Australia’s climate is changing 
rapidly. Eastern and southern Australia is getting progressively dryer while north-western 
Australia is getting signifi cantly wetter. For example in the past 50 years many parts of 
the eastern sea board of Australia have recorded a signifi cant and progressive decline 
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in average rainfall e.g. Mackay 80 mm per decade (25% reduction based on historical 
metrological records). Projected declines include a further 15% reduction by 2030 and a 
further 40% reduction by 2070. Annual average temperature has also risen at rates higher 
than previously recorded. 

These changes have major implications for weed management and NRM, particularly through 
changes in plant available water and temperature – driving changes in land suitability and 
capability, biodiversity, agricultural productivity and industry restructuring. It is the purpose of 
this presentation to provide a practical and objective overview of what is known about climate 
change in Australia and what it will mean for weeds and the environment. This pragmatic 
approach deals with the actual changes that are being recorded and the implications of 
these trends for weeds and NRM. 
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THE CROSS REGIONAL HYMENACHNE MANAGEMENT STRATEGY – 
SETTING THE SCENE FOR INFORMED PEST MANAGEMENT

 Travis A. SydesA and  Stephanie JanuchowskiB
A Far North Queensland Regional Organisation of Councils, Cairns Regional Council, 

PO Box 359, Cairns Qld 4870
B ARC Centre of Excellence for Coral Reef Studies, James Cook University, 

Townsville Qld 4810

ABSTRACT

One of the fi rst steps in formulating a strategic response to a species invasion is to gain 
an understanding of both its current and potential distribution. Identifying these areas of 
infestation and susceptibility allows managers to ensure their management efforts are the 
most effective. Hymenachne (Hymenachne amplexicaulis), is a Weed of National Signifi cance 
(WoNS) and has a widespread distribution within the wetlands and coastal rivers of tropical 
northern Australia. The Cross Regional Hymenachne Management Strategy (CRHMS) is a 
joint initiative of the Far North Queensland Regional Organisation of Councils (FNQROC), 
Burdekin Dry Tropics NRM and Terrain NRM. The CRHMS aims to use the knowledge 
gained from species distribution modelling (Maxent), along with the knowledge gained from 
research and experience from local managers to prioritise the cross-regional management 
of hymenachne. 

Keywords: hymenachne, adaptive management, mapping, prioritisation

INTRODUCTION

Hymenachne is an aggressive invader with a widespread distribution within northern Australia 
(Wearne 2008). It is an often conspicuous invasive species in many wetlands and waterways 
of both the wet and dry tropics. The study area for this program encompasses the coastal 
fl oodplains of the Johnstone, Tully, Murray, Lower Herbert and Black River catchments in 
northern Australia. The aim of the CRHMS is to apply a systematic approach to identify 
management priorities for hymenachne on a regional scale (Sydes 2009). The challenge 
is to ensure these priorities translate to on-ground actions where adequate resources are 
identifi ed and will deliver long-term management outcomes. Here, we discuss the processes 
we have, and will continue to, undertake to quantify the actual and potential distribution 
of hymenachne and how this knowledge is used to inform the prioritisation of on-ground 
management. Furthermore, we demonstrate how our approach evaluates current practice 
and will allow for adaptive management processes to guide informed decision-making. 
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METHODS

Collating existing data on the distribution of hymenachne on a cross regional scale presented 
the challenge of combining data from a wide variety of sources, methods and often 
incompatible attributes. To achieve a standardised mapping method, data from all sources 
were collated to form a regional scale map of hymenachne distribution. We incorporated 
data from multiple contributors into a 1 km grid by intersecting known point and polygon data 
with a pre-defi ned grid overlay (Figure 1a). This mapping methodology was developed as 
part of the Regional Pest Mapping Project (Terrain NRM, FNQROC and multiple partners 
within a regional data share agreement). The subsequent 1 km distribution map was then 
validated by local experts in a desktop mapping exercise and followed up by ground-truthing 
where feasible. 

The 1 km grid mapping approach is useful for informing on-ground management by displaying 
hymenachne distribution across regional and catchment scales (Figure 1a, b). Further, these 
mapped areas have been used to inform the prioritisation and allocation of actions to prevent 
further invasions and to identify the location of outlier infestations. 

Figure 1. a) Extent of 1 km distribution mapping for Hymenachne amplexicaulis within 
CRHMS project area, Australia; b) Detailed depiction of 1 km distribution mapping for the Tully 
River catchment, Queensland, Australia; c) Riparian and wetland areas used to distinguish 
hymenachne infested areas within the Tully River catchment, Queensland, Australia.
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Subsequent to identifying areas of infestation and preventing further infestations, these data 
were used to estimate infestation extent. Identifi ed habitats from within the 1 km grid were 
selected to create a layer of stream and wetland specifi c distribution across the study area 
(Figure 1c). This provided an estimate of the actual area on-ground that would need to be 
searched in order for managers to be able to reasonably expect to detect infestations. This 
was the fi rst step in quantifying the scale of the management task at hand. 

To utilise knowledge gained from the distribution mapping, consultations with experts and 
managers were carried out to defi ne a strategic direction to control the spread of hymenachne. 
In addition, this data was used to evaluate the utility of species distribution model predictions 
for the Tully River catchment (Figure 1b). Both the 1 km grid mapping and probabilities 
determined by Maxent (Phillips et al. 2004, 2006) were used to inform managers about those 
areas of highest priority and the related on-ground management strategy to implement. The 
model determined areas of priority in consideration of annual budget constraints, travel cost, 
labour costs and level of hymenachne infestation. 

A consultation process utilising these products is underway to defi ne strategic direction 
and on ground tactics by bringing managers and stakeholders together in sub-catchment 
management plans. Sub-catchments are useful boundaries for management as they are well 
defi ned by a combination of cadastral and geographic features and bring together landholders 
with similar or reconciled land use and tenure. This management cluster approach fosters 
a local identity and ownership of the issue and the corresponding management approach 
specifi c to that management area. These plans will provide direction for implementing 
control and rehabilitation works within a defi ned locality and will be used to communicate 
management targets on a fi ner scale. 

DISCUSSION

The 1 km grid mapping products and results of the Maxent distribution modelling are just 
several components of the CRHMS and complement the wide range of objectives to be 
met under this cross regional approach. These data will be used to inform the forecasting 
of future resource needs for managers. In addition, the mapping, distribution and cost data 
will be used to inform the management prioritisation model and used to identify priority 
management areas. When complemented with monitoring and evaluation, these methods 
are more informed, as more data are collected, allowing managers to update management 
priority areas as objectives are met and new infestations occur. 

By planning for future management with these tools, alignment with other management 
efforts can be identifi ed. Building this capacity will be an important step in the transition 
from single species to landscape scale management outcomes. This provides direction for 
strategic rehabilitation through revegetation and other restoration activities that will provide 
benefi t across multiple issues. Similarly the benefi ts and impacts of management actions 
and tactics for other invasive species can be both evaluated and supported by building on 
the same systematic approach. 



10th Queensland Weed Symposium
26 – 29 July 2009, Capricorn Resort Yeppoon, Queensland

32    •     Session 1. Best Management Practice – Regional Strategies & Challenges

Strategies such as the CRHMS are valuable processes that can bring together stakeholders 
to build partnerships, develop priorities and identify future directions. The systematic 
approach to planning adopted within the CRHMS builds on traditional approaches to planning 
by incorporating adaptive management principles and enabling data to be displayed and 
updated in a GIS environment. We aim for this approach to build the capacity needed to 
enable managers and stakeholders to respond to changing management environments, 
needs, and costs.

We anticipate the processes that have guided the direction of the CRHMS will continue 
to develop. Ongoing fi eld data collection, risk mapping, and the use of remote sensing to 
distinguish infestation densities are works in progress and will make signifi cant contributions 
to our current understanding of hymenachne distribution and management. 
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REGIONAL WEED MANAGEMENT PRIORITIES – THE DEVELOPMENT 
OF THE FITZROY BASIN WEED MANAGEMENT STRATEGY

 Trudy Baker
Capricorn Pest Management Group Inc., PO Box 1624, Rockhampton Qld 4700

ABSTRACT

The threat from weed incursions is signifi cant and increasing as is the cost for their 
management. Control programs conducted ad hoc are unlikely to provide the best possible 
return on investment for the limited resources available. The implication of this is a 
requirement for any funding attributed to weed management initiatives to be strategic and 
well planned to deliver the greatest ‘bang for buck’ or benefi t to cost ratio. Typically this 
requires a coordinated strategic whole of basin approach.

In the Fitzroy Basin catchment over 600 weed species were assessed using a likelihood and 
consequence framework to identify their individual triple bottom line (TBL) impact relative to 
other weed species. The top ranked weeds were then assessed relative to their distribution 
and potential for distribution throughout the catchment. 

The TBL assessment resulted in a top fi ve weed species ranking for both the Capricorn and 
Central Highlands region, given their distinct climatic variances. The Fitzroy Basin Weed 
Management Strategy allows planning at a basin scale for more strategic allocation of 
funding. It sets a benchmark to assess future weed management activities, especially with 
respect to those identifi ed as the highest priority in the Fitzroy Basin Catchment. 

METHOD

In 2006 the Capricorn Pest Management Group (CPMG) together with the Central Highlands 
Natural Resource Management Group (CHNRMG), facilitated a process to determine the 
triple bottom line (economic, environmental and social) impacts, of weeds across the Fitzroy 
Basin region. 

A comprehensive list of 639 weed species identifi ed as being present in the Fitzroy Basin 
was collated from existing Queensland Herbarium data and Local Government Pest 
Management Plans. From this list it was necessary to determine the most signifi cant weeds 
in terms of impacts, invasiveness, potential for spread and cost of control in order to provide 
an effective strategic approach to weed control. 

The triple bottom line (TBL) impact assessment was utilised within a likelihood and 
consequence framework to examine the impact of weed species across the TBL. The 
assessment process identifi ed the TBL impacts with respect to: 



10th Queensland Weed Symposium
26 – 29 July 2009, Capricorn Resort Yeppoon, Queensland

34    •     Session 1. Best Management Practice – Regional Strategies & Challenges

• Economy – with reference to grazing and cropping production and cost to maintaining 
infrastructure;

• Society – health impacts and prevention of recreational pursuits; and
• Environment – ecosystem function, riparian and aquatic zones and impacts on 

biodiversity.

The result of the initial assessment resulted in a top 20 weeds for the Capricorn and Central 
Highlands region, based on the TBL impacts. It does not take into account the current and 
potential distribution (Figure 1).

Figure 1. Project process.
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The total proportion of the ‘relevant area’ that may be infested by the weed over a 10–15 
year period was also estimated under a ‘with control’ and ‘without control’ scenario:

• The ‘with control’ scenario assumed the implementation of best management practice 
control and a maintenance program; and 

• The ‘without control’ scenario assumed no control is undertaken for the weed species 
into the future. 

By subtracting the difference between the area of infestation with control and management 
initiatives from the area of infestation without control and management initiatives 
identifi es the area that is prevented from incurring the detrimental impacts of the weed 
species. 

The relative cost of control was also identifi ed for each of the sub-catchments and utilised 
the following scoring mechanism: 

1 = very low cost;
2 = low cost;
3 = moderate cost;
4 = high cost; and
5 = very high cost.

Prioritisation

Applying each weed species TBL impact score to the current and future areas of infestation 
identifi es the total potential future impact of each weed species with and without control. 
The difference between the ‘with’ and ‘without’ control scores identifi es the relative level of 
benefi t generated by controlling each weed species.

By dividing the relative benefi t by the relative cost of control calculates the relative priority 
for investment by generating an indicative benefi t cost ratio (BCR), which can be used 
to identify those weed species whose control is likely to yield a higher benefi t per unit of 
investment. The BCR provides an indication of the relative effi cacy of investment and DOES 
NOT provide a measure of the fi nancial return on investment.

Species that currently occupy a relatively small area that have the potential to expand 
their area of infestation generally score well as they provide lasting benefi ts from control 
initiatives, particularly where the cost of control is relatively low. Where as species that 
continue to occupy signifi cant areas, despite best practice control and management efforts 
or are diffi cult (expensive) to control provide a comparatively lower return on investment. 

DISCUSSION 

The weed species in the ‘Top 20’ prioritised list were identifi ed as having the potential to 
provide the greatest level of return regarding control and management initiatives. It is unlikely 
that suffi cient resources will be available to deliver a weed management program across all 
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weed species identifi ed; however each of the weed species should have management plans 
developed which incorporate an operational plan. 

The Strategy is a tool for Local and State Government Agencies within the region. When 
used with individual pest management plans (PMPs), this will enable them to plan and 
prioritise weed management works to benefi t not only their own region but the neighbouring 
jurisdictions and the broader region. The strategy has already been used extensively by the 
Regional NRM Body to determine weed priorities and targets for control throughout central 
Queensland. 

The strategy identifi es the key management priorities for the Fitzroy Basin, as well as 
providing a point in time from which to monitor and evaluate the effectiveness of future weed 
management. 

While the data provided at the workshop was based on the best available knowledge and 
technology at the time, data relating to current and potential distribution of the weeds species 
together with the rate of expansion and invasiveness would greatly assist weed prioritisation 
assessment processes. 

A review of the distribution and priority species is planned for 2010. 
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SUCCESS AND FAILURE – WEED CONTROL IN THE DESERT 
CHANNELS REGION

 Peter Douglas
Desert Channels Queensland, PO Box 601, Longreach Qld 4730

ABSTRACT 

The aim of this paper/presentation is to briefl y lay out the experiences of Desert Channels 
Queensland (DCQ) with respect to weed control and eradication in our region. The underlying 
point is that despite great success on some fronts, the return per dollar spent and the results 
achieved could be higher with wider collaboration and unity of purpose amongst those 
involved.

Keywords: Desert Channels Queensland, prickly acacia, parkinsonia, mesquite, rubber 
vine.

INTRODUCTION

The Desert Channels Queensland region

The Desert Channels region geographically covers approximately one third of Queensland, 
taking in the Lake Eyre drainage systems. The region’s population is approximately 14,000 
people, with many of these ‘urban dwellers’. The predominant industry in the region is 
extensive rangeland grazing, mining and tourism. Property sizes range from 10,000–15,000 
ha in the north (e.g. in the Cooper catchment) to 480,000 ha in the south. Annual rainfall 
varies from approximately 600 mm in the north of the region to approximately 125 mm in the 
south. 

Desert Channels Queensland Inc. (DCQ) has been operating as the designated regional 
natural resource management body for seven years. Importantly, DCQ is a government-
funded but community-run organisation. The principal role of DCQ with respect to weed 
control and weed management includes applying for community prioritised funding under 
Natural Heritage Trust II. However, new Commonwealth funding arrangements are altering 
that with the competitive, open ‘Caring For Our Country’ grants that have a much wider 
range of potential applicants. 

Weeds of the region

Principal weeds in the DCQ region include prickly acacia, parkinsonia, mesquite and rubber 
vine. Most of these weeds are either garden escapees and/or promoted as fodder/shade 
trees by the (then) DPI, e.g. prickly acacia. This paper will focus on the above mentioned 
weeds, as this group covers 30–45% of our region.
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SUCCESS AND FAILURE – WEED CONTROL IN THE DCQ REGION 

Control methods

In the DCQ region, prickly acacia, mesquite and parkinsonia trees are controlled by either 
basal bark or cut-stump spraying, or grazing using goats and camels. Mechanical control 
methods include chaining, bulldozer loader or mulching/stump grinding using tractor-
mounted equipment. Biological control of Parkinsonia is apparently having some success 
further north in the humid climes of the region.

Legislation and attitude

Under Queensland legislation, landholders are required to control these declared weeds. 
However, the task is sometimes too daunting or large, or priority for control is too low for 
success to be achieved. Many graziers have taken the initiative and not waited for government 
or anybody else for that matter, to come along and got in and achieved a lot. 

Furthermore, whilst local government have been given the responsibility for weed and pest 
animal control by the State, this directive was not adequately supported with respect to 
human and fi nancial resources.

One argument that has often been visited is that, as the state government has promoted the 
planting of Prickly Acacia, for example, as a fodder and shade tree, the government should 
shoulder the responsibility for its control. 

Desert Channels approach

DCQ have extensively mapped weed infestations in the region. In the early years, this was 
assisted by Santos supplying a helicopter for aerial surveys. DCQ have also worked with the 
National Prickle Bush Management Group to nominate eradication and containment lines.

Funding for weed control has been sourced from National Heritage Trust II, Landcare, 
Defeating the Weed Menace (DTWM), Blueprint for the Bush (BP4B) and the DCQ Investment 
Strategy. In some cases, devolved grant rounds were used to disburse the money. All funds, 
whether strategic or devolved grants, are usually meted out on a 50/50 basis, but more often 
than not the landholder has put forward the larger portion.

With these funding programs, DCQ has moved into a three-way cooperative approach with 
local government and landholders combining to spread the dollars more strategically and 
effectively. 

Amongst the notable achievements was an operation with Barcoo Shire Council, landholders 
and DCQ which resulted in a knockdown of parkinsonia on Cooper’s Creek commencing with 
the southernmost plant and moving upstream for approximately 200 km. This involved eight 
adjoining properties at a total cost of $90,000. Another activity at Boulia involved parkinsonia 
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and mesquite control, costing a total of $220,000 and involved BP4B, DTWM, Boulia Shire 
and DCQ funding with more than 10 properties participating. 

There has been a swing towards contractors being employed so trucking, branding, lambing, 
school holidays or other activities do not interfere with the scheduled operation. DCQ keeps 
a list of preferred contractors and we stick with them whenever possible.

The big plus for us in this battle is the calibre of our staff—the front line contacts are people 
who have practical experience on the land and have earned the respect of our clients. They 
know how to converse with landholders the majority of whom are distrustful of government. 
They are backed up by excellent administration and every effort is made to have transparency 
and consistency in all dealings. 

DCQ liaison with Local Government Stock Routes and Rural Land Offi cers has reinforced 
Shire efforts to achieve compliance without wielding the heavy hand. Peer pressure amongst 
graziers themselves also comes into play.

Despite demonstrable successes we still strike landholders who either do not see weeds as 
a problem, don’t know they have a problem or give control a low priority. 

Stumbling blocks

Problems in our region in terms of weed control include:
• Organic producers have no herbicide option;
• Scattered plants are very expensive to destroy mechanically; 
• Effective management of camels and/or goats when these animals are used as 

grazing pressure for weed management;
• Financial pressure – weed destruction is expensive; and 
• Time pressure – many producers have a lot on their plate. What was noted as a 

relaxed lifestyle when I came out here in the 70s is no longer evident, and not many 
producers have weekends off, particularly small producers.

With the increasing turnover in ownership, particularly in the smaller holdings, many new 
arrivals do not know of the problem they are acquiring. Secondly, only recently has any 
penalty been seen in the auction room for ‘dirty’ country.

Public education and awareness

DCQ, along with the Cooper’s Creek and Georgina–Diamantina Catchment Groups and 
Desert Uplands Committee (who all have representation on our board) hold information days 
where pest plants always rate a mention. The Georgina–Diamantina Catchment Committee 
were instrumental in supporting the Channel Landcare Group to produce a fi eld book entitled 
‘Weeds and problem plants of the Channel Country’ – a publication funded by the National 
Landcare program. This very successful resource (4th reprint of 1000) is sized to fi t easily 
into a coat pocket or glove box and is distributed free of cost across the region.
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We encourage their use by all property workers, shire stock routes and rural land offi cers 
and helicopter pilots who are rapidly becoming the only people who actually ‘see’ the station 
country. Tourists are another very good source of ‘weed’ observers. Many are hungry for 
knowledge of the region they are travelling through.

DCQ also run ‘Weed Spotter Workshops’ throughout the region and beyond; training people 
to recognise potential problem weeds before they gain a serious foothold. An example of 
success here is that several parthenium outbreaks have been contained due to the actions 
of alert tourists and council workers.

Awareness of the problem was heightened and participation has increased. However 
comments from the likes of Peter Andrews to ‘leave your weeds be’ while visiting the region 
do not help. Words like these, that are seized upon as ‘proof’ that we don’t have a weed 
problem are not helpful, especially when we are dealing with weeds of national signifi cance 
such as prickly acacia, mesquite, parkinsonia and rubber vine. These weeds by their very 
nature have proven that to ‘do nothing’ is not an option. 

CONCLUSIONS

What have we learnt?

These pest weeds were introduced as an improvement; however, the environmental and 
fi nancial costs to date have far outweighed any perceived benefi ts. This is of concern given 
that yet more grasses have been proposed to save our grazing industry e.g. gamba grass, 
hymenachne and leucaena, to name a few. 

If we are to continue down this ‘sometimes benefi cial’ road, surely extensive testing is 
mandatory, not an attitude of ‘well the beef industry is an important part of the economy so 
we’ll take the risk’. The Australian taxpayer should not be paying for such inadequacies.

The future 

The future of the weeds is an interesting conundrum made up of legislation, control, 
partnerships, attitudes, enthusiasm and persistence. Recognition of the scale of the problem 
is increasing on all fronts across the country. Cooperation between DCQ, Federal, State and 
Local Government, landholders and anyone else who wants to be in it must continue.

DCQ have worked through various methods of encouraging control and believe we have a 
good formula to enable a worthwhile return on investment. We need to expand this. 

These weeds can be beaten with consistent attack, however we cannot afford to lose the 
ground we have gained and will continue to seek funding wherever possible. We owe it to 
our community and our country.
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EXTENDED ABSTRACT

Invasive species are a key threatening process, and their impacts are likely to be further 
exacerbated through climate change. We address the key challenge of how to predict which 
assets (environmental, economic and social) are most at risk, and to identify how available 
resources should be allocated to reduce impacts to acceptable levels. This was done within 
the context of climate change. A landscape modelling approach was developed to predict 
suitable and susceptible habitat for invasive organisms, and the environmental, economic 
and social impact of those invasions at the landscape, catchment and regional scale. The 
approach combines Bayesian Belief Networks (BBN) with Geographic Information Systems 
(GIS), and integrates experimental research, output from other models and expert opinion 
(Smith et al. 2008). 

The model framework was structured in such a way that it can be readily adapted to different 
invasive species and regions. Habitat suitability was defi ned as areas where populations will 
establish and persist, assuming that propagules are readily available. Habitat susceptibility 
was defi ned as suitable areas that are susceptible to invasion given the current distribution 
of the weed and knowledge of its dispersal. Consequences of invasion was modelled by 
identifying potential impacts of the weeds, linking it to both weed density and location in the 
landscape, and applying it to current distributions (to estimate current impacts), suitable 
habitat (potential impact if the weed is allowed to reach its full potential) and susceptible 
habitat (imminent impact). 

We present results from two models, parkinsonia (Parkinsonia aculeata) in the Desert 
Channels (van Klinken et al. 2008) and lippia (Phyla canescens) in the Queensland Murray 
Darling Basin (Murray et al. in prep.), and work is currently underway on a third species 
(parthenium). Expert workshops were used to identify and describe the key drivers of 
distribution and impact within the region being modelled. For example, in the Desert Channels 
Region the top four factors determining whether parkinsonia populations will establish were 
identifi ed as inundation regime, soil type, browsing by sheep and ground cover, while the 
top three factors determining population persistence was soil type, climate and inundation 
regime. However, infl uence of soil type and inundation regime differed for establishment 
and persistence. Likewise, the key dispersal mechanism for parkinsonia was identifi ed as 
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fl ood waters, although low rates of incidental dispersal was also factored into the model 
to accommodate dispersal in mud and by animals. Infl uential environmental factors may 
also differ between regions and between species, although we expect considerable overlap, 
such as with soil type and similar climatic envelopes. 

Predictions from these models have important implications for management. They assist 
in policy development at the regional to national scale by helping identify how resources 
should be distributed both for on-ground control work and for extension activities. At regional 
scales, and more locally, they help identify where on-ground effort should be focused in order 
to best protect areas where the consequences of invasion (economic and environmental) 
are likely to be greatest. They also help guide weed mapping activities, for example by 
helping to focus search effort around areas identifi ed as being highly susceptible to invasion. 
Models also allow consideration of weed management within a broader natural resource 
management context. For example, what are the consequences of altered fi re management 
practices for weeds such as parkinsonia, or of environmental fl ows on wetland weeds such 
as lippia? Finally, these models allow quantitative evaluation of management effort and 
potential, such as by enabling the estimation of the proportion of susceptible habitat that 
has been protected, or potential impacts protected. 

Keywords: Bayesian belief networks, Geographic Information Systems (GIS), invasive 
plants, landscape modelling, suitability modelling, weed impacts. 
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ECOLOGICAL AND EVOLUTIONARY ADAPTATIONS OF 
PATERSON’S CURSE AND IMPLICATIONS UPON INVASIVITY ACROSS 

SOUTHERN AUSTRALIA

 Leslie A. Weston
EH Graham Centre for Agricultural Innovation, Charles Sturt University, 

Wagga Wagga NSW 2678

ABSTRACT

This paper describes the work of our laboratory group in addressing the invasion success of 
Paterson’s curse (Echium plantagineum), which has proven to be a considerable problem to 
manage due to its serious impacts on livestock health and quality. Studies with Paterson’s 
curse have shown unique anatomical and physiological traits likely contribute to invasion 
success. This research is based on previous work conducted in the US with the invasive 
perennial vines, black and pale swallow-wort. That research focused on (a) the role that 
allelopathy might play in the competitive ability of these species and (b) evaluating both 
morphological and genetic diversity of swallow-wort populations. 

Keywords: invasion, non-native, Paterson’s curse, allelopathy.

INTRODUCTION

Ecology of weed invasion

In Australia, many plant species initially introduced as food and fodder, medicinals, potherbs 
and ornamentals have become highly invasive. Some of these species have become invasive 
within years of being introduced, while others have exhibited long lag times after initial arrival 
before becoming widespread. It is not unusual for many weed species to have exhibited long 
lag times after initial arrival in Australia before becoming widespread. This has been well 
documented in Europe (Kowarik 1995) but is less well documented in Australia. Lag time to 
successful invasion may be infl uenced by environmental conditions experienced at the point 
of introduction, conditions experienced after introduction, and/or the frequency of unique 
introductions within a region. 

Research on Paterson’s curse – a noxious non-native invasive 

This research focuses on an economically important and particularly noxious non-native 
invasive weed of Australian pastures, rangelands, bushlands and roadsides. Studies of 
how introduced Australian weeds adapt to enhance their invasive capabilities are lacking. 
Greater knowledge of the ecology and biology of key Australian non-native invasive plants 
and clear comparisons with their native non-invasive European relatives are needed for 
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determination of the characteristics contributing to invasivity. Furthering our understanding 
of a key noxious weedy species’ reproductive biology, allelopathic potential, and inherent 
genetic diversity would enhance our ability to predict the invasion success of these introduced 
non-native species in new locations and also allow us to develop better preventative long-
term strategies for management of these species in Australian grass and bushlands.

Paterson’s curse (Echium plantagineum), has become widespread in inland Australia, from 
south-east Queensland, to New South Wales, to southwest Western Australia (Adams 2000, 
Piggin 1982). Paterson’s curse was thought to be introduced to Australia in the 1880s from 
Europe as an accidental contaminant of pasture seed and as an ornamental plant. Originally 
a native of the Mediterranean, Paterson’s curse has now become naturalised over 30 million 
hectares of grazing land. In 2002, it was estimated to cost the Australian wool and meat 
industries over A$125 million per year (Carter 2009, Piggin 1982). 

Paterson’s curse can completely dominate a mixed community of grasses and forbs as 
it is highly dominant and suppresses growth of neighbouring species over time. A prolifi c 
reproducer, it has been estimated to produce up to 30,000 seed per square meter (Burdon 
et al. 1988, Carter 2009, Piggin 1982). It is thought that seed remains dormant for up to 
six years in the soil seed bank, but most appears to germinate within two years. Seed 
germination is encouraged by high levels of moisture encountered in the fall and moderate 
soil temperatures. It is also highly resistant to drought, and dominates grasslands in dry 
conditions, germinating rapidly after drought is broken. Paterson’s curse is also a serious 
threat to natural areas and has potential to spread to woodlands and dry upland slopes. 

Toxicity and chemistry of Paterson’s curse

Paterson’s curse is extremely toxic to livestock, particularly horses and pigs, where ingestion 
causes gradual and accumulative liver damage in livestock (Adams 2009, Peterson and 
Jago 1984). Grazing sheep are somewhat more tolerant of the weed, but often show serious 
impacts upon wool quality and weight, up to a year after ingestion. Under normal conditions 
the plant is often avoided by grazing animals, likely due to its coarse leaf hairs and bitter 
taste. However, in drought conditions or when Paterson’s curse becomes the dominant 
species, it less avoidable by livestock. It is almost impossible for most livestock not to have 
some intake of this weed in its rosette form when pastures are green and well-established 
in spring. 

It was recently observed that Paterson’s curse exhibits unique morphological and ecological 
traits which would lead one to suspect that it is highly allelopathic to neighbouring plants as 
well as toxic to mammalian systems. In particular, it exhibits two types of root hairs, long 
and short, both of which appear to be involved in active exudation processes in the plant 
(Tsai et al. 2003). The epidermis of both its younger lateral roots and older taproots produce 
extremely unusual, bright red-collared chemical constituents which are localised in the 
outer epidermal layers of its roots. The compounds appear to be contained within vacuoles 
which are produced intracellularly in the epidermis of roots (McCully and Weston, personal 
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observation 2009). Most production occurs in younger root tissue, as older sloughed off 
epidermal cells likely contain oxidised or polymerised by-products or metabolites of these 
components. The oxidative process turns the older roots a remarkable black or dark red 
colour, whereas younger roots exhibit a bright red epidermal layer. 

Although production of unique secondary products in roots is not unknown and is reported in 
plants which are known producers of phytotoxins, antimicrobials and antifungal constituents 
(Bertin et al. 2007, Duke 2007, Weston and Duke 2003), the production of red pigmented 
derivatives in higher plants is very unusual. In the developed root itself, the pigment was 
observed in root tips, root hairs and outer layers of epidermal cells of lateral roots. The 
pigment consisted of a mixture of napthoquinones, several of which were biologically active. 
These compounds proved to be potent inhibitors of certain soil microbes. 

Family ties

Paterson’s curse is a member of the borage family which contain napthoquinones that have 
been used as colorants for food, cosmetics and fabrics (Jain and Mathur 1965, Tabata and 
Fujita 1985). It seems likely that these compounds also play an important role in plant defence 
in the rhizosphere (Uren 2000). After evaluating the preliminary chemical composition of the 
extracts of Paterson’s curse, we have evidence that napthoquinones are present (Weston 
unpublished results 2009). Napthoquinones such as juglone are active as allelochemicals 
(Bertin et al. 2003, Binder et al. 1989, Weston and Duke 2003) and also in plant–insect 
interactions. Therefore, it is of considerable importance ecologically to study the role of 
these unknown and recently discovered constituents produced by Paterson’s curse.
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STRATEGIC WEED MANAGEMENT UNDER CLIMATE CHANGE – 
INVASIVE SPECIES PLANS

 Richard J. Carter
NSW Department of Primary Industries, Locked Bag 21, Orange NSW 2800

ABSTRACT

The NSW Invasive Species Plan provides the link between regional and national plans 
and strategies and provides weed management priorities for the State Government. This 
ensures that the legal framework and State resources are directed to specifi c measurable 
outcomes. The Plan recognises the impact of climate change on distribution, abundance 
and impact of invasive species. 

The focus on efforts for prevention, eradication and containment of weeds vary little under 
climate change. Asset protection however needs to adjust to changes caused by climate 
change. This is done by identifying key assets to protect rather than focus on species 
management. 

Keywords: eradication, containment, prevention, asset protection.

INTRODUCTION

Well developed weed management planning processes ensure that priorities are assessed 
and resources allocated to protect the environment, economic and social values. A strategic 
management plan and an operational plan can help gain a commitment from government 
and ensure stakeholders have a clear direction for their work. The Australian Weeds Strategy 
and National Weeds of National Signifi cance Strategies provide a national framework for 
weed management. Regional plans developed by Natural Resource Management Bodies 
and Catchment Management Authorities provide a regional focus. 

The paper outlines how government resources were realigned in NSW by the development 
of the NSW Invasive Species plan and discusses how the model could be applied in 
Queensland. 

For plans and strategies to be a sound basis for weed management we need to adequately 
cover current and future changes in our plans. Climate change is one change that our 
planning needs to cover. 

Climate change and weeds

With climate change we have a range of uncertainties. We have the change of carbon 
dioxide and ozone, temperature, frequency of frost, amount and reliability of precipitation. 
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But many of our decisions in weed management are made with limited knowledge. We need 
to be aware that there are other changes such as the communities’ values of weed control, 
and the changing settlement patterns (Klepeis et al. 2009). 

A range of reviews of the impact of changes in temperature, rainfall and carbon dioxide 
suggest that generally all weeds will have a southward shift in potential range as it gets 
warmer and frost reduces. As with less rain weeds that rely on wet conditions will contract, 
aquatic weeds and plants that respond to fl ooding may increase. In NSW the alpine area 
will reduce with a shift in low altitude species to higher elevations, drying of wetlands and 
changing fi re regimes. The temperate cool-season wet zone of the tablelands will have 
reduced growth and competitiveness, allowing new species to establish. Changes in land 
use, with cropping shifting to the wetter areas currently under permanent pasture and moving 
out of the drier areas will result in changing weed impacts in the Mediterranean, Temperate 
subhumid and Subtropical subhumid zones of NSW. The coastal sub-tropical moist zone will 
continue to be under threat by many weeds with the predicted higher growth especially in 
summer (Dunlop and Brown 2008).

Land-use change will continue or increase with climate change and presents a major driver 
for changes in weeds impact, along with propagule pressure and human mediated dispersal 
(Hulme 2009). 

Alternative crops are becoming important under climate change. Biofuels are already being 
promoted and will need to be managed as part of any weed strategy. Well-meaning people 
promote weedy species as a way of addressing climate change (e.g. Mack 2008, Low 
and Booth 2008) however biofuel species themselves pose other risks that governments 
need to consider (Cousens 2008, Raghu et al. 2006). The NSW Invasive species plan has 
recognised high risk pathways such as biofuels and the nursery and garden industry and 
suggests development of appropriate industry codes. 

Climate change also has a range of other effects on crops and weeds including herbicide 
effi ciency (Bailey 2003) and competitiveness (Brooker et al. 2009). 

DISCUSSION

The NSW Invasive Species Plan allows for these issues by identifying and addressing high 
risk pathways for weed threats and the need to adapt our approaches and priorities. 

If we use a four stage model to separate the objectives for action on weeds as in Figure 1: 
Prevention, Eradication, Containment and Asset Protection; we can see that objectives for 
weed management change over time as the area occupied increases. Typical coordinated 
responses to weeds have the fi rst three objectives. The fourth Asset Protection category 
is clearly problematic under climate change. Figure 1 also shows a change in the potential 
range and impact of a weed has a dramatic effect on the benefi ts of any intervention. The 
most marked difference is in the later stages of an invasion. The impact of climate change is 
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perhaps much larger when protecting an asset, whether it is farm land or biodiversity, from 
the threat posed by weeds. It is important to know whether the potential impact increases or 
decreases. There are also other issues as the asset values change.

Consider two examples, fi rstly arable pasture land in central and southern NSW. Do we 
continue to try to protect the pasture from pasture weeds such as serrated tussock and St 
John’s wort that are already established? Or, do we recognise that the land will become 
more suitable for cropping and start protecting that land from crop weeds such as wild 
radish? Similarly most scenarios predict a reduction in the alpine area – do we try to protect 
it from invasion from both native and exotic plants that will encroach as the amount of snow 
cover reduces (Dunlop and Brown 2008). It is clear that planning to address weeds that are 
already widespread is problematic under climate change.

Figure 1. Four stage model showing objectives for action on weeds: Prevention, 
Eradication Containment and Asset Protection with impact of an increase in potential 
range and a reduction in potential range under climate change. 

With climate change we need to determine when to have enforced control programs to 
eradicate or contain weeds and when to stop enforced control. Coutts-Smith and Downey 
(2006) found that there are too many species of weeds to individually address. Under 
the NSW Invasive Species Plan widespread weeds are addressed using a priority assets 
framework that suits resolving issues that include climate change. Williams et al. (2008) 
are implementing a process to identify biodiversity assets. These will be incorporated 
in catchment and regional weed management plans under the NSW Invasive Species 
Plan. 
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While climate change impacts are not simple, the importance of addressing the earlier stages 
of invasion will change little under a range of different climate change scenarios shown on 
Figure 1. Changes that increase or decrease competitive advantage may shift the slope of 
the invasion curves however in most cases the areas where noxious weed control legislation 
operates will change little. The Australian Weeds Strategy, state strategies such as the NSW 
Invasive Species Plan and catchment level strategies also operate in this area. The Goals of 
the NSW invasive species plan require planned state-wide and regional action. 

We only attempt to eradicate weeds with a large potential range and impact that are not 
widespread. Kriticos et al. (2005) showed that under climate change Siam weeds potential 
range would increase. Similarly Scott et al. (2008a) found that sleeper weeds Acacia catchu 
and blue hound’s tongue (Cynoglossum creticum) would both retain a large potential range 
despite blue hound’s tongue’s potential range reducing as it retracts south. Scott et al. 
(2008b) suggests that Acacia karroo, Equisetum arvense and Retama raetam all have a 
major increased threat and propose containment lines to reduce climate change driven 
migration of species. 

We could repeat the analysis for each species with one of the climate models – but the 
practical implications for weed managers are: at a large scale – state and regional level – 
nothing changes; weeds that have a potential to impact on an industry or biodiversity now 
will continue. Weeds that are reaching the limits now and are diffi cult to justify a species led 
eradication or containment program will still have a low priority compared to those with a 
large potential range and impact. Conversely the eradication and containment programs for 
weeds that are not widespread are still needed under climate change. Weeds that have a 
high priority now; the species we are attempting to prevent introduction, eradicate or contain 
nationally and at State level have a large potential range and impact. This will continue to be 
the case under climate change. Based on Scott et al. (2008b) prediction however NSW will 
need to look to Queensland for a new set of alert species.

Prevention and early detection strategies such as monitoring are cost effective approaches 
to weed control (Morton 2008, Maxwell et al. 2009). Tools like weed risk assessment provides 
us with tool for targeting specifi c species early (Gordon et al. 2008). NSW is proactively 
implementing a new weed incursion program with local control authorities to help detect and 
eradicate new incursions and sleeper weeds. These programs will continue irrespective of 
climate change. 

Under climate change the efforts at a state and regional level change little for prevention 
eradication and containment programs. The NSW Invasive Species Plan provides the link 
between these plans and strategies, including providing priorities for the State Government. 
This ensures that the legal framework and State resources are directed to specifi c measurable 
outcomes. The Plan also recognises the need to protect key assets. A key part of the Plan is 
the Monitoring and Evaluation framework that ensures progress is reported to stakeholders 
along the way. The Plan recognises the impact of climate change on distribution, abundance 
and impact of invasive species. 
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Government commitment

Combining weeds with pest animals, marine pests and invertebrate pests into one invasive 
species plan enabled the document to be considered a high level document under both 
Biodiversity and Biosecurity, and incorporating into the NSW State Plan. This ensured that 
Governments are committed to the NSW Invasive Species Plan. Prior to release the Plan 
was endorsed by the NSW Premier and Cabinet. The Government responded by reallocating 
resources to focus on the priorities in the Plan. 

The NSW Invasive Species Plan also links to catchment action plans developed by catchment 
management authorities. At a regional level strategies are being developed to address new 
weed incursions, contain established weeds and to protect assets. For biodiversity assets, 
we are identifying the sites in each region and designing programs to manage the impacts 
of the suite of weed threats (Williams et al. 2008). At the time of writing the draft NSW 
Incursion plan for Invasive Plant Species 2009–2015 was released for public comment 
(NSW DPI 2009). NSW Department of Primary Industries, local weed control authorities 
and catchment management authorities now all report against the NSW Invasive Species 
Plan.

The key lesson for other jurisdictions is that by getting a high level commitment to develop 
the Plan ensured that there was support to endorse and implement the Plan. It is unlikely 
that the high level commitment would have been achieved with separate plans for marine 
pests, weeds, pest animals and invertebrate pests. To get a commitment climate change 
and other politically important issues were incorporated into the Plan. 
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WEEDS RESEARCH IN A CHANGING WORLD

 Judy Lambert
National Weeds R&D Coordinator, Land and Water Australia, 179 Sydney Road, 

Fairlight NSW 2094

ABSTRACT 

Between 2004 and 2008 the Australian Government committed $44.4 million to the national 
Defeating the Weed Menace program to identify Australia’s most threatening weeds and to 
implement measures for their control.

A research and development (R&D) component of the program was managed by Land and 
Water Australia on behalf of the Department of Agriculture, Fisheries and Forestry and the 
Department of the Environment, Water, Heritage and the Arts. The goal of this three year 
R&D component was to generate new knowledge to prevent new weed problems; to reduce 
the impacts of existing weeds of national priority; and to build capacity for their management 
into the future.

Between June 2006 and November 2008, 27 projects were directed to:
• Assess the risks of different pathways of weed ingress;
• Assess impacts of land use change on weed incursion;
• Develop ‘best practice’ early detection, survey and eradication of potential weed 

species;
• Identify biocontrol agents for priority weed species;
• Develop new integrated weed management strategies that incorporate an 

understanding of landscape scale ecological processes;
• Quantify the impacts of weeds on sustainability and the environment (including the 

ecological costs of weeds) and the relative benefi ts and costs of different weed control 
measures; and

• Provide knowledge to support a national information system for weeds.

A key focus of the R&D has been the generation of knowledge products designed to maximise 
uptake of the information generated. As the program draws to a close in April 2009, key 
cross-project learnings will be highlighted and input relevant to future weeds R&D at the 
national level.

Keywords: weeds R&D, national priorities, key learnings, adoption.

INTRODUCTION

In June 2006 the Australian Government Department of Agriculture, Fisheries and Forestry 
(DAFF) contracted Land and Water Australia (LWA) to manage, on behalf of both DAFF and 
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the Department of Environment, Water, Heritage and the Arts (DEWHA) the $5.4 million 
research and development (R&D) component of the national weeds program ‘Defeating the 
Weed Menace’.

LWA is a national research broker seeking to increase knowledge and to encourage 
understanding and informed debate which will inspire innovation and action in managing 
our natural resources sustainably.

In this capacity, LWA sought to ensure that the research projects contracted benefi t not 
just the rural production systems affected by weeds, but also the diversity of species and 
ecosystems that make up our uniquely Australian landscapes. Weeds are estimated to cost 
Australian agriculture around $4 billion per annum. Although less well documented, the costs 
to nature conservation and landscape amenity are thought to be of a similar magnitude.

The Projects

Twenty-fi ve projects addressing a broad sweep of weeds-related issues were contracted 
through two open calls for proposals. Together these projects (see Table 1) saw an 
investment of some $4.54 million of DWM funding, together with $4.31 million of cash and 
in-kind contributions from weeds research organisations and interested third parties.

Two additional projects were commissioned later in the program, each directed to addressing 
gaps in new knowledge about weeds.

A study of the needs of potential end-users of a national information system for weeds 
indicated clearly that priorities other than biosecurity surveillance loom large as potentially 
benefi ting from a nationally coordinated information system on weeds.

Several jurisdictions also invest heavily in the development of biological control agents for 
weeds. However, our understanding of how best to select target weeds for which biocontrol 
will become an important part of management remains limited. Within the DWM R&D 
program one project was directed to developing a framework to improve the targeting of 
weed biocontrol projects within Australia.

DISCUSSION

In addition to the information generated from each of these projects individually, several 
important themes emerged from across the whole program which will assist in managing 
weeds in a changing climate. 

Climate change and weeds

While only one of the DWM R&D projects focused on the implications of climate change 
for weed spread, several contained elements relevant to weed management in a changing 
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Table 1. DWM R&D themes and projects.
Research theme and 
sub-themes

Projects Lead researcher/
Lead organisation

Developing ‘best practice’ 
early detection, survey and 
eradication

Managing weeds under future 
scenarios for environmental fl ows 
in the Murray River

Dr Matt Colloff
CSIRO Entomology

Assessing risk of different 
pathways of weed ingress

Modelling climate change impacts 
on ‘sleeper’ and ‘alert’ weeds

Dr John Scott
CSIRO Entomology

Pathway risk analysis for weed 
spread within Australia

Prof. Brian Sindel
University of New England

Serrated tussock: managing 
native pastures to prevent 
invasion

Dr Aaron Simmons/Prof. 
David Kemp
Charles Sturt University

Identifying biocontrol agents 
for priority weed species

Biological control and ecology of 
alligator weed

Dr Shon Schooler
CSIRO Entomology

Development of new biocontrol 
agents for Parkinsonia

Dr Tim Heard
CSIRO Entomology

Improving management of 
salvinia in temperate aquatic 
ecosystems

Dr Bertie Hennecke/Assoc. 
Prof. Kris French
University of Wollongong

Importation and release of a new 
biological control agent for Scotch 
broom

Dr Jean-Louis Sagliocco
DPI Victoria

Boneseed rust: a highly promising 
candidate for biological control

Dr Louise Morin
CSIRO Entomology

Enhancing noogoora burr 
biocontrol in northern Australia

Dr Louise Morin
CSIRO Entomology

Importation, rearing and fi eld 
release of the cape broom psyllid

Mr Ken Henry, SA Research 
and Development Institute

Land use change impacts 
on weed incursion

Land use effects on soil nutrient 
enrichment: risks for weed 
invasion

Dr Elizabeth Lindsay/Dr Saul 
Cunningham
CSIRO Entomology

Effect of land use and peri-urban 
development on aquatic weeds

Dr Lauren Quinn/Dr Shon 
Schooler, CSIRO Entomology

Understanding and determining 
mechanisms to prevent wed 
invasion in coastal vegetation

Dr Tanya Mason/Assoc. 
Prof. Kris French
University of Wollongong

Table 1 continued overleaf/…
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Research theme and 
sub-themes

Projects Lead researcher/
Lead organisation

Developing new integrated 
weed management 
strategies at landscape 
scale

Developing a model for 
environmental weed management 
in fragmented landscapes

Mrs Melissa Herpich
Department for Environment 
and Heritage, SA

Optimising management of core 
mesquite infestations across 
Australia

Dr Rieks van Klinken
CSIRO Entomology

Elucidating relationships between 
distribution and invasion in 
riparian zones

Dr Fiona Ede
DPI Victoria

Developing effi cient 
methods for surveying 
and eradicating agreed 
emergent weeds

Best practice on-ground property 
weed detection

Prof. Brian Sindel
University of New England

Exploring agents of change to 
peri-urban weed management

Ms Jo Harding
Upper Murrumbidgee 
Catchment Coordinating 
Committee

Cost-effective surveillance of 
merging aquatic weeds using 
robotic aircraft

Dr Salah Sukkarieh
University of Sydney

Quantifying the impacts of 
weeds on sustainability and 
the environment…

Quantifying costs and benefi ts of 
buffel grass

Dr Margaret Friedel
CSIRO Sustainable 
Ecosystems

Pinus radiata in bushland: 
Assessing the issues in the Green 
Triangle

Mrs Melissa Herpich/
Dr Andrea Lindsay
Department for Environment 
and Heritage, SA

Quantifi cation of the 
environmental and control costs 
of weeds

Dr Samantha Setterfi eld
Charles Darwin University

Evaluating the environmental 
benefi ts from managing WoNS in 
natural ecosystems

Dr Adele Reid/Dr Louise 
Morin
CSIRO Entomology

Ecological, economic and social 
considerations in spray control of 
hymenachne

Prof. Bob Miles
Central Queensland 
University

…/Table 1. continued.
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physical climate. The projects that focused on weed management in riparian and fl oodplain 
areas drew attention to the complex interactions between weed invasion and management 
and altered water regimes in the face of climate change. Similarly, the project assessing the 
environmental and control costs of tropical tall grasses drew stark attention to the interactions 
between climate change, changing fi re regimes and the infl uences of tall tropical grasses 
on fi re.

Changing approaches to weeds research and management

One of the factors highlighted by many of the DWM R&D projects is the complexity of 
interactions between landscape processes and the differing components of the landscape. 
Projects addressing land use and changes in that use, whether through grazing management, 
changes to our aquatic waterways or peri-urban settlement all draw attention to the need to 
better understand and integrate holistic landscape management, rather than simply address 
the particular weed of concern.

Related to this is the importance of longer-term monitoring and evaluation in assessing the 
effectiveness of weed management. As our knowledge of complex ecological processes and 
their interactions increases it is becoming increasingly apparent that adaptive management 
of weeds will rely on longer term monitoring than is usually associated with a 2–3 year 
funded project. One project in particular highlighted this need as it relates to recovery of 
natural systems after a Weed of National Signifi cance has been removed.

Also highlighted by the suite of DWM R&D projects are the numerous challenges faced 
in seeking effective biological control agents. Both a review of biocontrol work in Australia 
during the past decade and a framework to assist in better targeting of plant species for 
biocontrol are legacies seeking to assist in addressing these research challenges. 

Other needs and opportunities highlighted by the DWM R&D program include the importance 
of cross-disciplinary and interdisciplinary research in addressing the social, economic and 
environmental impacts and management of weeds, whether in rural production systems, in 
natural environments or where the plant species involved has both production value and 
invasive weed characteristics

By combining spectral data analysis, smart algorithms enabling machine learning and the 
use of unmanned aircraft in weed detection it is becoming increasingly possible to detect 
and manage weeds in diffi cult and inaccessible areas.

Weeds are a persistent problem which costs Australia dearly. Only by combining the efforts 
of a diverse set of technical expertise with on-ground commitment and vigilance are we likely 
to manage them effectively in a changing world. Even then, effective long-term monitoring 
not just of the weeds, but of what comes after they have been controlled or removed will be 
an essential element of effective adaptive management in the medium to longer term.
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PRO-ACTIVE MANAGEMENT OF WEEDS BASED ON THEIR POTENTIAL 
DISTRIBUTIONS UNDER CHANGING CLIMATIC CONDITIONS

 Helen MurphyA,C,  Dan MetcalfeA,C,  Darren KriticosB,C and  Tina LawsonA

A CSIRO Sustainable Ecosystems, PO Box 780, Atherton Qld 4883
B CSIRO Entomology, PO Box 1700, Canberra ACT 2601 

C CSIRO Climate Adaptation Flagship

ABSTRACT

Climate change will enhance the capacity of weeds to establish, spread and transform 
ecosystems, and will shift the climatic limits that constrain their distributions. Land managers 
will need to consider the potential future distributions of weed species in order to develop 
appropriate strategic management responses, and to make prudent decisions about issues 
such as resource allocation, prioritisation and targeting surveillance and extension campaigns. 
Here we present a method for projecting potential distributions of weed species under future 
climates and interpret results in the context of pro-active management approaches. We 
demonstrate the use of CLIMEX modelling to project the potential distribution of a tropical 
weed (Stevia ovata) that currently has a very restricted distribution in Queensland. 

Keywords: climate change, CLIMEX, Stevia ovata, strategic management.

INTRODUCTION

Scientists widely agree that climate change will enhance the capacity of alien species to 
invade new areas while simultaneously decreasing the resistance to invasion of natural 
communities (Sutherst et al. 2007). Consequently, research on the impacts of invasive 
species under climate change has been identifi ed as a national priority (Hilbert et al. 
2007). Proactive management for climate change will need to consider the potential future 
distributions of the suite of invasive species already present in a region and the potential 
distributions of species that may move into a region as climatic conditions become more 
suitable. Ideally, land managers should utilise relevant information to enable them to make 
tactical and strategic decisions about the eradication, control and containment actions for 
invasive species prior to their achieving signifi cant impact on economic and natural assets. 

Stevia ovata (Asteraceae) is a subtropical, perennial herbaceous shrub native to central 
and South America. Although little is known about the species’ life-history characteristics, 
high fecundity and capacity for long-distance dispersal via wind are common features of the 
Asteraceae. It was fi rst recorded as a naturalised species in Queensland in 2007, occurring 
along a transmission line easement near Ravenshoe, at an altitude of approximately 900 m 
(Csurhes 2008). The species has formed a monoculture extending over several kilometres 
of the easement, and has begun to encroach on shaded adjoining rainforest (HM personal 
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observation). Stevia spp. are commonly cultivated as a sweetener and sugar substitute and 
S. ovata was likely introduced and cultivated in Queensland for this purpose.

CLIMEX (Sutherst and Maywald 1985, Sutherst et al. 2007) is a modelling package that 
enables users to model the climatic potential distribution of organisms based primarily on their 
current distribution, though taking into consideration climate response information from other 
knowledge domains if this is available. It is the most suitable climate modelling package for 
this analysis because it supports model-fi tting to global plant distributions, includes a climate 
change scenario mechanism, and provides insight into the plant’s ecological response to 
climate (Kriticos and Randall 2001).

Our aim is to present a method for projecting the current and potential future distributions 
of weed species, and to use these methods to inform current management practices and 
priorities. We demonstrate the model with projections of the distribution of S. ovata which 
currently occurs in only a very restricted area in Queensland.

METHODS

We fi tted a CLIMEX model to the distribution of S. ovata in its native range in central and South 
America (Figure 1). The resulting model was then run for Australia under historical climatic 
conditions (1961–1990) and under a climate projection for Australia for the year 2080 (the 
parameter set used in the model is shown in Appendix 1). CLIMEX calculates an Ecoclimatic 
Index (EI) that describes the climatic suitability of a location for a species on a scale of 
0 (unsuitable) to 100 (highest suitability). The data used to generate the climate change 
scenario was sourced from the IPCC 4th Assessment Report (IPCC 2008). More information 
on the generation of climate scenarios for CLIMEX and how these are incorporated in the 
model are described in Kriticos et al. (2006) and Stephens et al. (2007).

RESULTS

Under current climatic conditions S. ovata appears to have the potential to invade almost the 
entire eastern and southern coasts of Australia including Tasmania (Figure 2a). 

Under the climate scenario for 2080, the potential distribution of S. ovata in Australia shifts 
southwards, although a small area in north Queensland and coastal and high-elevation 
areas in south-eastern Queensland will remain climatically suitable (Figure 2b).

DISCUSSION

When interpreting the outputs of models such as CLIMEX it is important to remember that they 
are not predicted distributions of invasive species; rather they are potential distributions, and 
the actual ranges of the weeds will likely lag behind the potential distribution based on factors 
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such as incursion pressure, dispersal potential and any management efforts aimed at slowing 
or containing their spread (Kriticos et al. 2006). Modelling species potential distributions as 
they relate to climate at relatively broad scales is most useful for strategic management 
approaches, and can be used to inform and complement fi ner scale prioritisation or habitat 
suitability tools that are more useful for tactical management planning. Australia’s Federal 
governance framework places primary responsibility for internal biosecurity management 
upon State and local government bodies. This framework makes it possible for each 
governance body to allocate resources to manage problems based on their individual view 
of the problem. Broad-scale species niche modelling tools highlight the potential collective 
threat. This broader view can be used to coordinate resource allocation to manage these 
invasions so as to avoid perverse and unwanted outcomes.

Figure 1. Central and South America showing modelled climate suitability for S. ovata based 
on the CLIMEX Ecoclimatic Index. Native distribution records are shown as fi lled triangles 
and were sourced from the Global Biodiversity Information Facility. Darker shading refl ects 
higher climate suitability.



10th Queensland Weed Symposium
26 – 29 July 2009, Capricorn Resort Yeppoon, Queensland

64    •    Session 2. Environmental Issues – Climate Change

Figure 2. Modelled climate suitability for S. ovata in Australia based on the CLIMEX 
Ecoclimatic Index under (a) historical (1961–1990) climatic conditions and (b) a future 
climate scenario (2080). The species current Australian distribution is represented by the 
fi lled triangles. Darker shading refl ects higher climate suitability.

(a)

(b)
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For maximum effectiveness over the long-term, strategic management of biological 
invasions should consider a species’ potential distribution under both current and future 
climate scenarios. Biological invasions proceed on time scales of decades or centuries. 
When formulating strategic plans to manage a biological invasion, to ignore the effects 
of climate change on a species’ pattern of climate suitability is to ignore a potentially 
critical dynamic aspect of the problem, and opens the way for an imprudent allocation of 
scarce management resources. In order to deploy resources appropriately through time, 
it is necessary to understand the likely threat, and how it could alter in the future. Given 
the signifi cant uncertainties in the future climate suitability patterns for weeds (Kriticos et 
al. 2006), it will be necessary to periodically monitor the state of the invasion, and adjust 
management appropriately. The future climate scenarios provide a coarse scale roadmap 
to how the problem will likely change in the future – indicating areas of increasing and 
decreasing threat.

Stevia ovata has displayed the capacity to form mono-dominant stands in areas where 
it has been introduced in a climatically suitable region in North Queensland. Although S. 
ovata is not yet known to be naturalised anywhere else in Australia, incursion pathways 
exist through horticultural trade and hobby farmers. For southern regions with projected high 
climatic suitability but no current invasion, efforts to increase awareness of local authorities, 
landholders and other interest groups about the potential future threat of the species would 
be worthwhile. Determining potential dispersal pathways into areas of high suitability and 
monitoring these will be most effective in preventing spread. Along the south-east and south-
west coast of Australia in particular, caution should be applied to widespread cultivation 
of the species until other risk attributes are considered. Targeted awareness and regular 
surveillance, particularly of high risk habitats within these regions should be incorporated 
into strategic management plans. 

Where climate modelling indicates a low climatic suitability, S. ovata is unlikely to spread 
or increase in abundance rapidly unless dispersal pressure is high. Around the current 
infestation near Ravenshoe, there is considerable potential for spread over a much larger 
area under current climatic conditions, however under future climatic scenarios, conditions 
for S. ovata in Queensland will become progressively less suitable. This provides an ideal 
opportunity to contain the infestation while regional conditions around it deteriorate. Following 
the ‘stitch in time’ principle, any existing populations should be targeted for local eradication 
and dispersal pathways limited as much as possible.
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Appendix 1. CLIMEX parameters for Stevia ovata.

Index Parameter Value Unit

Moisture index SM0 Lower soil moisture threshold 0.1

SM1 Lower optimum soil moisture threshold 0.5

SM2 Upper optimum soil moisture threshold 1

SM3 Upper soil moisture threshold 1.5

Temperature 
index

DVO Lower threshold 5 °C

DV1 Lower optimum threshold 20 °C

DV2 Upper optimum threshold 24 °C

DV3 Upper threshold 30 °C

Cold stress TTCS Temperature threshold 5 °C

THCS Stress accumulation rate −0.0005 Week−1

Heat stress TTHS Temperature threshold 30 °C

THHS Stress accumulation rate 0.001 Week−1

Wet stress SMWS Threshold soil moisture 1.5

HWS Stress accumulation rate 0.001 Week−1

Hot-wet stress TTHW Hot-wet temperature threshold 30 °C

MTHW Hot-wet moisture threshold 1

PHW Hot-wet stress accumulation rate 0.001 Week−1

Degree-days per 
generation

PDD Degree-day threshold (minimum annual 
total number of degree days above DV0 
needed for population persistence).

300 °C 
days
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TRANSLOCATING PLANT MATERIAL FOR RESTORATION PURPOSES – 
POTENTIAL CLIMATE CHANGE MITIGATION MEASURE OR WEED RISK?

 Jason Weber
Weber Environmental Management Services, 50 Forbes Street, West End Qld 4101 

ABSTRACT

Translocation of plant reproductive material for restoration purposes has potential as a 
climate change mitigation measure. It is also sometimes necessary when local sources of 
material are unavailable. Where widespread species with signifi cant local adaptation are 
threatened by climate change, continuous species cover may be achieved through the use of 
non-local provenances from areas with climates similar to those predicted for the restoration 
site. While the forestry sector has considered this approach for some time, many restoration 
ecologists have taken the ‘local is best’ approach when sourcing plant reproductive material 
for restoration activities due to ‘genetic pollution’ and weed issues. This paper proposes a 
conceptual framework for assessing the weed potential of non-local plant provenances used 
in ecological restoration projects. The framework examines whether non-local provenances 
are likely to be more invasive, have different impacts and/or wider potential distributions than 
their local counterparts. This is done through an examination of climatic tolerances, life cycle 
and growth characteristics. The limitations of some current weed risk assessment systems for 
application in this situation are examined, as is the framework’s applicability and limitations. 

INTRODUCTION 

The inclusion of climate change adaptation measures into ecological restoration planning has 
been a topic of some discussion over recent years (Harris et al. 2006, Choi et al. 2008). One 
approach is to attempt to build ‘resilience’ into an ecosystem so that it can absorb alterations 
caused by climate change (Millar and Brubaker 2006). Some people argue that when faced 
with re-establishing an ecosystem, realistic goals should be set that take into account the 
changing climate and the impact this has on using locally present vegetation as a restoration 
target (Harris et al. 2006, Choi et al. 2008). These approaches are not mutually exclusive; both 
help defi ne a third approach that involves translocating ‘better suited’ provenances of locally 
adapted, but widespread plant species to areas where the resident provenance is impacted 
by climate change. Such impacts could include effects on dormancy (seed and/or plant) water 
and heat stress as well as disease. While the translocation of plant material (for restoration 
purposes) currently occurs for commercial reasons, the use of this as a systematic approach 
to climate change adaptation is in its infancy. The current paradigm of ‘local is best’ when 
choosing plant provenances for use in restoration is certainly a valid approach due to issues 
associated with ‘genetic pollution’, weed and disease risk. However, the consequences of 
maintaining this approach also need to be examined given the realised and predicted impacts 
of climate change, since such impacts may lead to local provenances no longer being well 
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adapted to their habitats. One way to minimise the adverse environmental outcomes of 
translocating plant material is to have comprehensive risk management frameworks in place. 
These frameworks need to include investigations of provenance identifi cation, population 
genetic structures, phenotypic plasticity and habitat adaptability, disease risk and weed risk. 
This paper examines and proposes a weed risk assessment (WRA) framework to assess the 
risk of translocating plant material for restoration purposes. 

Weed risk assessment and its application to plant translocations 

Most current WRA systems rely on human history as well as intrinsic and extrinsic 
(environmental) characteristics that have been shown to be associated with weedy species 
in one or many contexts (habitats, families or origins) (Scott and Panetta 1993, Pheloung 
et al. 1999, Weber et al. 2009). This results in the WRA systems being good at detecting 
potentially weedy species but not particularly good at detecting non-weedy species (Caley 
and Kuhnert 2006, Weber et al. 2009). Most systems assess the risk of plants coming into 
an area (region, state or country) rather than assessing risks associated with bringing in new 
provenances of pre-existing native plant species. The approach used by the WRA framework 
proposed in this article is to determine variations in extrinsic and intrinsic variables between 
the local (sink) and non-local (source) provenances (or populations). 

PROPOSED WRA FRAMEWORK DESIGN

The proposed WRA framework is intended as a simple, easy-to-use method of assessing 
possible weed risk. It is by no way a comprehensive system for conducting this type of activity. 
The WRA framework is divided into two sections: an Initial Assessment (Table 1) and Secondary 
Assessment (Table 2.). A secondary assessment is not necessary if the provenances fail 
the initial assessment: this saves time as the initial assessment can be conducted through 
visual assessment without needing GIS and CLIMEX software. If a secondary assessment 
is required, then this will involve a close examination of the literature concerning the species, 
access to GIS mapping and CLIMEX software, fi eld inspections and discussions with experts. 
If a provenance receives a score of ≥3, it should be rejected. It should be noted that every 
assessment question must be answered and if not, the translocation of plant material should 
not occur. For the purpose of this system, a taxonomic expert is one who is either directly 
studying the family of the species of interest and/or has published papers on the family. An 
expert on the ecology/habitat of the species must have experience (preferably supported by 
publications) working with the species of interest or the ecosystem in which it occurs. 

DISCUSSION 

This paper proposes a WRA system to assess the weed risk of translocating plant material as 
a method for including climate change adaptation into restoration planning. The application 
of this system should be limited to widespread species that have been shown to be impacted 
by realised or potential climate change. One possible exception could exist if no local 
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Table 1. Initial assessment.

Question Defi nition

Q1. Does the species (or 
sub-species) naturally 
occur in area of proposed 
restoration site?
Yes – continue to Q2.
No – reject.

In the absence of written or verbal advice confi rming the previous 
introduction of the species to the area, the presence of the species 
on a site is suitable evidence for a yes response. In cases where 
restoration activities are attempting to re-establish an ecosystem, 
habitat variables or programs such as local equivalents of the 
British Forestry Commission’s Ecological Site Classifi cation (Pyatt 
et al. 2001) software should be used to confi rm the suitability of the 
site. 

Q2. Are both the local and 
non-local provenances of 
the same sub-species?
Yes – continue to Q3.
No – reject.

If there are published articles identifying sub-specifi c taxa, the 
non-local and local plant provenances must be of the same sub-
species. Identifi able hybrids (through expert advice and published 
articles) between sub-species are to be considered different sub-
species unless local provenance is considered the same hybrid. 

Q3. Is there evidence 
that the proposed source 
material is not the local 
provenance for that area?
Yes – reject.
No – Second assessment.

If there are visual, written or verbal accounts that the source 
population is the result of plantings (acceptable if identifi able local 
provenance) or establishment from planting than answer yes and 
fi nd another area to source material from. 

Table 2. Secondary assessment.

Question Defi nition

Q1. Is there taxonomic 
confusion over the 
placement of either 
provenances (local or 
non-local)?
Yes – 1 No – 0

For a yes response there must be a published paper or advice from 
a taxonomic expert (see defi nition of expert above) stating that the 
species may in fact be a species complex or that there are differing 
expert opinions regarding the placement of the sub-species. 

Q2. Does the non-local 
have broader climatic 
tolerances than the local 
provenance?
Yes – 1 No – 0

Once the local provenances climatic conditions have been adjusted 
for given predicted climate change, do the climatic requirements of 
the non-local provenance yield a potential distribution that extends 
over 100 km from the boundary of the current provenances range. 
In order to get the source populations potential distribution use 
the computer program CLIMEX. For updates on the methodology 
concerned with answering this question, go to www.weberems.com 
and click on the updates link. 

Table 2 continued/…
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…/Table 2 continued. 

Question Defi nition

Q3. Does the non-local 
have broader ecological 
tolerances than the local 
provenance?
Yes – 1 No – 0

This relates to whether the non-local provenance has the potential 
to grow in new habitats within the local provenances current range. 
These broader ecological tolerances could include: soil type, soil 
pH, shade, salinity and water logging tolerance ranges and other 
relevant environmental variables. Remember that these variables 
help identify suitable non-local provenances and that a broader 
range of these variables is being examined. Comparison is through 
subjective appraisal. 

Q4. Is there a difference in 
the growth habit between 
local and non-local 
provenances?
Yes – 1 No – 0

This question relates to whether the growth habit of the plant 
species differs between areas. Examples would include species 
that grows as a shrub in some areas and as a tree in others or as 
a short ground cover in some areas and an erect herb in others. 
While the source of such variation can have genetic causes or be 
the result of phenotypic plasticity attempts should be made to make 
this comparison with individuals from the same habitat conditions 
such as level of exposure to strong winds. In situations where 
different growth habit forms grow together, use the form most 
similar to that of the local (sink) provenance. Differences are to be 
obvious through a visual inspection.

Q5. Does the non-local 
have different fruiting / 
fl owering times than the 
local provenance?
Yes – 1 No – 0

Alterations to fl owering and fruiting times can have numerous 
impacts on ecosystems, in particular the relationship between 
plants and fl ower/fruit/seed predators. Any reduction in this type 
of predation could cause alterations to seed production that could 
result in detrimental population increases. Answers to this question 
can be obtained through consulting local fl oras and talking to 
people involved with the species at a local level. 

Q6. Does the non-local 
have greater reproductive 
potential than the local 
provenance?
Yes – 1 No – 0

This information should be derived through consulting literature, 
local natural resource managers and visual assessment. It is 
diffi cult to answer this question without considerable amounts of 
further study for most plant species in Australia. Therefore, the 
subjective opinion of the assessor is relied upon. Ideally data from 
two years would be available to make this decision. 

Q7. Does the non-local 
provenance have any 
different reproductive 
methods?
Yes – 1 No – 0

For example, predominately seed vs. predominately vegetatively-
reproducing. For a no answer, there can be some overlap for 
example if there is some vegetative reproduction but mostly 
reproduction is by seed 
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provenances were available for restoration activities and environmental harm would occur 
in the absence of planting that particular plant species.

Weber et al. (2009) identifi ed improper defi nition of WRA questions as a source of potential 
variation in the systems outcomes. In order to minimise this, attempts were made to clearly 
defi ne questions to ensure a minimum of subjectivity in information assessment is required. 
However, due to the rapid assessment nature of this system, some answers did still rely on 
a degree of subjectivity. 

While the WRA system proposed in this paper is a good fi rst step to minimise the potential 
negative environmental impacts of translocating plant material for climate change adaption, 
further work needs to be conducted into issues related to ‘genetic pollution’ including the 
potential for out-breeding depressions, disease transfer and provenance defi nition which 
will vary between species. The translocation of plant material for climate change adaptation 
should only occur after studies have shown that climate change will or is directly impacting 
on the species. 
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WEED MANAGEMENT IN SHOALWATER BAY MILITARY TRAINING AREA 
– AN INTEGRATED MANAGEMENT APPROACH

 Tennille DanversA and  Belinda ShawB

A Defence Support Central Queensland, 68 Western Street, Rockhampton Qld 4700
B Greening Australia, 19 Willis Street, Rockhampton Qld 4700

ABSTRACT 

This paper provides an overview of weed management within the Shoalwater Bay Training 
Area (SWBTA) which is managed equally for its military training and environmental values. 
Within this context, the Department of Defence and Greening Australia have trialled an 
integrated approach to lantana (Lantana camara) management, which aims to reduce 
the impacts of lantana on priority ecosystems. Trials have included the use of chemical 
application via splatter guns, Posi-Track mechanical removal, biological control agents and 
integrated fi re management.

Keywords: lantana (Lantana camara), splatter gun, mechanical removal, chemical treatment, 
biological control, integrated management.

INTRODUCTION

SWBTA is situated north of Byfi eld on the Capricorn Coast and covers some 454,500 
hectares, including both terrestrial (274,000 ha) and marine environments (180,500 ha).  
Managing weeds on a property that covers 274,000 ha of land, with 71 different Regional 
Ecosystems, of which 99% are identifi ed as in a remnant state (Department of Defence 
2009), raises many issues when trying to prioritise weed species for treatment and areas to 
target. Greening Australia has been involved with weed management at SWBTA since 2007. 
During this time effort has been put towards assessing the current weed liability within the 
training area; identifying where weeds can be physically managed, contained, reduced and/
or prevented from spreading into unaffected areas; and protecting key areas which have 
been identifi ed of environmental and capability importance. 

Within the SWBTA strategic management plan, 15 weed species have been prioritised for 
control efforts with another fi ve listed for opportunistic control. Lantana has been identifi ed 
as high priority: it is one of the key threatening processes impacting on high biodiversity 
and conservation values of the Shoalwater and Corio Bay Ramsar-listed wetland, along 
with other high value areas within the training area. In 2007, the Defence environment team 
commenced trials to gather more information on the condition, location, potential threat and 
treatment options for lantana in key areas of SWBTA, for implementation within the strategic 
weed management plan.
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METHODOLOGY FOR WEED MANAGEMENT IN SWBTA

Previous annual weed contracts for SWBTA produced management plans and on-ground 
works programs for the management of weed control efforts within SWBTA, to ensure a 
consistent and strategic approach to control efforts. Defence engaged Greening Australia 
(GA) to develop a fi ve-year strategic weed management plan designed to guide the 
development and implementation of the annual works program. A successful strategic plan 
takes into consideration factors such as accessibility to areas in relation to competing area 
use, physical accessibility (via foot, quad, vehicle or air), weather patterns, implementation 
of other management plans (such as fi re) and the suitability of control techniques in different 
areas. 

Key points that contribute to the successful implementation of a fi ve-year plan, and the 
corresponding annual works programs are as follows:

• Ensure the program continually improves on past works/efforts;
• Prioritise species of signifi cance;
• Prioritise areas of high conservation value and importance;
• Maximum benefi t from time and dollar investment (bang for buck); and
• Identifying where resources can be directed to make a difference (controlling spread, 

prevention of introduction, eradication).

Other issues infl uencing the development and implementation of the strategic plan and 
annual works programs include:

• Landscape diversity within SWBTA;
• Access issues and other competing priorities/users;
• Evaluation processes for determining effort/success;
• Integration of best management practice techniques;
• Holistic best practice management approach to weed management across entire 

SWBTA; and
• Consideration of new technological advances and practices. 

LANTANA – THE RISK

In early 2007, Defence personnel undertook aerial monitoring surveys of SWBTA and 
mapped visible infestations of lantana. Further ground-truthing, mapping and assessment 
of infestations and scattered isolated plants also occurred. From this datum, an assessment 
was made on locations where lantana removal was feasible, and by what means. Sites were 
identifi ed and integrated management techniques were selected for each site including: 
mechanical removal, splatter gun treatment, biological control and/or fi re control. 

Due to the nature of the western side of SWBTA, a combination of chemical treatment 
(splatter gun) and fi re control was commonly used, where as on the eastern side mechanical 
removal, and chemical treatment were chosen to ensure less fi re tolerant regional ecosystems 
were not affected. Research was conducted by staff from the Qld Department of Primary 
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Industries and Fisheries (DPI&F) to search for and identify any lantana biological control 
agents which were established in SWBTA. Eight lantana biological control agents are 
established in SWBTA (although all were in observed in very low numbers).

It is possible that isolation, drought, fi re management, and a limited, discontinuous infestation 
have all contributed to limit the impact of biological control in this reserve (Johnson et al. 
2008).

LANTANA TRIALS

Splatter gun

Two sites (Boomerang Creek and Dingo Drive) were established in SWBTA to test the 
effectiveness of splatter gun treatment in differing ecosystems. Both sites were treated by 
splatter gun with an aim of conducting a follow up fi re treatment on the Boomerang Creek 
site. Both sites displayed excellent kill percentages (>98%) after treatment with minimal 
regrowth from potential existing seed banks. Some plants emerged on the edges of the 
infestation but it is thought these plants were not initially treated and took advantage of the 
opened canopy after treatment.

Ophiomyia camarae release 

On 27 August 2008, fi ve bags of mined leaves and one box of live adult Ophiomyia camarae 
fl ies were released into a healthy lantana infestation on Dingo Drive. Care was taken to 
ensure plants were actively growing and not drought-stressed. Within one month, advanced 
herringbone-like mines were found on plants within the release site. A further two bags of 
mined leaves were placed in November 2008. In January 2009, mined leaves were located 
approximately 100 metres up the road and up to 20 metres in from the original release sites. 
DPI&F also provided a USB data logger which was used to collect data on relative humidity 
(% rh), temperature (°C) and dew point (°C). DPI&F believe that the successful population 
establishment of O. camarae is directly related to hot and humid conditions on the eastern 
side of SWBTA and the low presence of other biological control species at this site (Johnson 
et al. 2008). 

Posi-Track removal

The Posi-Track was used to remove large or dense lantana infestations. The Posi-Track 
machine was chosen because of the low ground impact with minimal grass, vegetation  
and soil disturbance and compaction. The 1.5 inch steel plated, front mounted fork is able 
to remove plant quickly with minimal disturbance. Mechanical removal was followed up by 
chemical treatment three months after completion of mechanical works. 

Within two months of mechanical removal works, both primary weed species and native 
species were observed revegetating the site. After dense infestations of lantana were 
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removed, biological control agents inhabiting the area were condensed onto remaining/
emerging lantana plants. Feeding marks and biological control agents were observed in 
concentrated numbers on inspection of the site.

Chemical – splatter gun

The splatter gun was used with Glyphosate 350® and water (rate 1 L : 9 L) or Glyphosate 460® 
with water (rate 1 L : 2 L). The mixture was applied at approximately 15 mL/metre of height 
of each bush or one spray every 0.5 m of bush frontage. Rate per ha can not be provided 
as amount of chemical used varied greatly depending on the density of the infestation being 
treated.

CONCLUSIONS

In summary, the key measures necessary for successful implementation of a strategic 
management plan and on ground works at SWBTA are:

• Scoping and setting realistic goals;
• Integration of weed management techniques;
• A combination of trial and error and implementation of best management methods;
• Land Managers have differing priorities (conservation, economic benefi ts, aesthetics 

etc); and
• Follow up treatment to reduce, contain or eradicate weeds.
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WEED MANAGEMENT PLANNING – FROM SPOT FIRES TO STRATEGY

 Karen Rose
SunWater Ltd, 179 Turbot Street, Brisbane Qld 4002

ABSTRACT 

This paper provides an overview of the methodology adopted by SunWater to develop Weed 
Management Plans for six of its water supply schemes. With the assistance of Greening 
Australia and regional SunWater staff a strategic approach to weed management was 
adopted. Workshops with staff combined with the use of a Weed Prioritisation Matrix allowed 
for weed species and infestations to be objectively prioritised for management. The outcome 
was the development of a strategy which makes the best use of limited resources whilst 
meeting legal obligations and improving environmental outcomes.

Keywords: SunWater, weed management plan, weed prioritisation matrix.

INTRODUCTION

SunWater is a Queensland government-owned corporation that provides a range of services, 
including the supply and delivery of approximately 40% of the water used commercially 
throughout the State. SunWater customers include irrigators, mines, power generators and 
local government, to whom bulk water is supplied via 19 major dams; 63 weirs and barrages; 
80 major pumping stations; and more than 2500 kilometres of pipelines and open channels.

The vast and often remote tracts of land and water for which SunWater is responsible makes 
weed management a signifi cant challenge from both a practical and economic perspective. 
In the absence of a strategic plan, and with limited resources (e.g. time, money), ‘spot fi re’ 
or ‘opportunistic’ approaches to weed management were previously applied.

In recognition of the mounting challenge facing weed managers, and in an effort to introduce 
a strategic approach to these issues in future, Greening Australia was engaged to assist in 
the development of Weed Management Plans (WMPs) for six of its Water Supply Schemes 
(Schemes).

METHODOLOGY

Workshops

Facilitated Workshops were held with local SunWater staff (including representatives from 
various levels of management). The following information was provided by staff to assist 
with the development of the strategy:
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• Weed species and extent known to occur within the Scheme (i.e. mud maps);
• Current weed management practices (e.g. treatment methods);
• Any issues that poses a challenge to successful weed management;
• Identifi cation of stakeholders with an interest in SunWater weed management 

practices; and 
• Ranking of weeds in order of priority for management.

Weed priority assessment

To maximise the benefi ts obtained from the available resources there was a need to prioritise 
weed management efforts. A number of different prioritisation techniques were evaluated 
before SunWater decided on the process described below. 

A series of Assessment Factors were identifi ed, each of which would infl uence the urgency 
for a weed species to be treated, and the likelihood of a successful treatment outcome. Each 
Assessment Factor was assigned a weighted score (the greater the score, the greater the 
urgency for treatment) and corresponding letter as shown in Table 1.

Table 1. Assessment Factors (with scores shown).

Score Assessment factors

30 A Major operational weed 
Without treatment, is likely to have immediate negative impact upon core SunWater 
operations e.g. impede water delivery

20 B Medium operational weed
Without treatment, has potential to result in negative impact upon core SunWater 
operations e.g. impede water fl ow

5 C Minor operational weed
Without treatment, likely to impede access to infrastructure and/or harbour snakes or 
pests

30 D Class 1 weed

15 E Class 2 weed

15 F Class 3 weed (adjacent to an environmentally signifi cant area)

30 G Targeted for eradication under Council Pest Management Plan

5 H Poses immediate risk to a vulnerable environment (ecological, economic, social)

10 I Signifi cant community pressure for control

10 J Small infestation, easily controllable (and/or isolated from main infestation)

10 K High risk of spread due to mechanical slashing, vehicular travel

5 L No known infestation occurring upstream (aquatic only)

10 M Potential for inter-catchment transfer into a presently ‘clean’ system (aquatic only)
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Weed prioritisation matrix

During the facilitated workshops, a scheme-specifi c Weed Prioritisation Matrix was produced, 
whereby each weed species known to occur in the scheme was assigned its corresponding 
Assessment Factor scores (indicated by ‘x’). The sum of individual Assessment Factor 
scores for each weed species provided a Total Score (Table 2).

Table 2. Weed prioritisation matrix.

Weed 
species

Assessment factors Total 
scoreA B C D E F G H I J K L M

Weed A x x x 35

Weed B x x 15

Weed C x x x 75

Weed D x x 25

Weed E x x 20

Weed F x 5

An objective Priority Rating was obtained for each weed species by ranking them in 
descending order of their Total Scores, as shown in Table 3. Weed species with the highest 
Total Scores were given highest priority for management. 

Table 3. Priority ratings for weed species.
Priority rating Score range Weed species 

Priority 1 Greater than or equal to 40 Weed C (total score = 75)

Priority 2 30 to 39 Weed A (total score = 35)

Priority 3 20 to 29 Weed D (total score = 25)
Weed E (total score = 20)

Priority 4 10 to 19 Weed B (total score = 15)

Priority 5 Less than 10 Weed F (total score = 5)

Using the examples provided in Table 3, it can be seen that Weed C (Targeted for eradication, 
Class 2 weed, Major operational weed) is given a higher priority for management than Weed 
F (Minor operational weed).
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RESULTS

By applying the Weed Prioritisation Matrix methodology during the weed management 
planning process, SunWater was able to prioritise management of weed species across 
water supply schemes. As such, the weeds listed in Table 4 have been identifi ed as being of 
greatest priority for management across the selected Schemes.

Table 4. Top fi ve weeds requiring management across six SunWater schemes.
Terrestrial Weeds Aquatic Weeds

Parthenium weed (Parthenium hysterophorus) Hymenachne (Hymenachne amplexicaulis)

Giant rat’s tail grass (Sporobolus natelensis) Submerged aquatic vegetation

Mother of millions (Bryophyllum delagoense) Water hyacinth (Eichhornia crassipes)

Prickly acacia (Acacia nilotica subsp. indica) Cumbungi (Typha spp.)

Rubber vine (Cryptostegia grandifl ora) Filamentous algae 

During workshop discussions with staff, the following goal was identifi ed as common to all 
Scheme WMPs: ‘To effectively manage and reduce the impacts that weeds have on the 
economic, social and environmental values of the areas managed by SunWater, within the 
boundaries of the Water Supply Scheme’.

In order to achieve this goal, the seven key strategies listed in Table 5 were developed, and 
incorporated into the WMPs.

Table 5. Scheme WMP strategies.
No. Strategy

1 To target and control high priority weeds, and to reduce or contain the extent and impact 
of lower priority weeds ensuring compliance with State and Local Government legislation; 

2 To identify, map, report and monitor weed infestations; 

3 To minimise the spread of existing weeds, and prevent the introduction of new weeds onto 
SunWater lands;

4 To increase SunWater customer and adjacent landholder/manager awareness and 
understanding of weeds, their impacts, management options and legal responsibilities for 
management, and to encourage a coordinated approach to pest management;

5 To encourage, conduct and support best practice pest management whilst minimising the 
risk of adverse environmental impacts upon the receiving environment;

6 To encourage and support local government and catchment group on-ground activities 
into the effective control of terrestrial and aquatic weeds within the region;

7 To annually monitor and review the Scheme Weed Management Plan and its 
implementation.
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Background information on the current status of SunWater operations in the context of each 
Strategy has been documented in each WMP, including an Action List of activities to be 
undertaken to promote each Strategy (e.g. persons responsible, timeframes etc.).

In this way, the Scheme WMP is intended to act as a living document demonstrating to staff 
the purpose of the actions they undertake, and stimulate the generation of further ideas on 
how to progress each Strategy. 

DISCUSSION

Having a consistent set of Assessment Factors allowed a tangible structure for weed 
management issues to be readily assessed. Furthermore, the structure enabled the problems 
be examined in both business and environmental contexts. A secondary benefi t of the Weed 
Prioritisation Matrix identifi ed during the project was that it could be applied at different 
spatial scales (i.e. weed species/infestations within or across different zones).

The facilitated workshops enabled staff to share their extensive knowledge and experience, 
and also broaden discussions to expose new ideas, treatment methods and approaches to 
weed management. The workshops also provided SunWater with the opportunity to gain 
a better understanding of current weed distribution; identify additional stakeholders and 
collaborative opportunities; and recognise and document existing staff knowledge and local 
achievements.

Populating the Weed Prioritisation Matrix for each scheme proved a valuable process for 
deconstructing the problem into smaller surmountable challenges and enabled a strategic 
approach to be applied, thus ensuring efforts are targeted toward critical weed species (i.e. 
best ‘bang for buck’). The resultant WMPs provide staff and management with a reference 
document outlining agreed actions to meet obligations under the Land Protection (Pest and 
Stock Route Management) Act 2002.

Whilst the long-term outcomes of this project are yet to be seen, early indications are that 
SunWater will be able to make better use of limited resources whilst meeting the company’s 
legal obligations and achieve better environmental outcomes.
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RISK ASSESSMENT BASED WEED PREVENTION STRATEGY

 Belinda Yep and  Murray Abel
Powerlink Queensland, PO Box 1193, Virginia Qld 4014

ABSTRACT

In 2008, Powerlink Queensland (Powerlink) reviewed the strategies for the prevention of 
weed seed spread for maintenance activities. Internal and external consultation resulted in 
the development of a strategy which applies risk assessment principles. This strategy has 
been implemented as a pilot in the southern section of its operations. 

INTRODUCTION

Powerlink is a Government owned corporation that owns, develops, operates and maintains 
the high voltage electricity transmission network in Queensland, which benchmarks in the 
top quartile internationally in terms of both cost effi ciency and reliability. 

Powerlink’s network extends 1700 km from north of Cairns to the New South Wales border 
– approximately half of Australia’s eastern seaboard (Powerlink Queensland 2006/07).

Powerlink’s operations regularly traverse numerous land tenures and varied habitats across 
a large area of Eastern Australia. As a result, a wide range of pests and pathogens are 
encountered and have the potential to spread as a result of its business activities. This 
risk requires carefully considered pest management by Powerlink throughout all areas of 
operation. This management is practiced at all levels of operation with weed identifi cation; 
vehicle hygiene and washdown methods; and training of operational staff. In reviewing 
the current practices and moving towards a biosecurity strategy, improved technology and 
experience is incorporated to fi ne tune the existing systems. 

Powerlink has instigated a pilot in the southern region of its operations to assess the 
effectiveness of the process and identify any issues before continuing.

The biosecurity strategy was designed to manage the risk of spreading threats along 
Powerlink’s vast transmission network and incorporated the Department of Primary Industries 
eight principles of pest management. The strategy defi nes the policy and process for weed 
management on land managed by Powerlink. The strategy also provides the necessary 
tools for users at all levels to access information relating to biosecurity threats (RPS 2007).

P-LIST

In any large corporation, skills, education and background vary depending on job requirements. 
On the spot identifi cation of weeds and the ability to understand plant characteristics are 
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fundamental to the success of a biosecurity strategy. To improve this area of business, 
Powerlink has adopted the QUT developed Powerlink Lucid Information Support Tool 
(P-LIST) a portable lucid key identifi cation apparatus. 

P-LIST uses a standard lucid key format to identify plant species and gives defi nitions, images 
and pictures to help with identifi cation, making it usable by personnel with limited knowledge 
of plant identifi cation. P-LIST identifi es plants using a process of elimination to narrow the 
800 species database by the presence or absences of particular characteristics.

THE BIOSECURITY RISK ASSESSMENT

Assessment selection

Risk assessments have long been used for the identifi cation, categorisation and management 
of weeds. The South Australian Animal and Plant Control Commission (APCC) uses an 
assessment produced by John Virtue and based on a draft system developed to determine 
weeds of national signifi cance in Australia (Weed Risk Assessment). This system has been 
adopted and is currently being trialled at Powerlink Queensland.

The use of a risk assessment process by Powerlink managers ensures that resources 
are focused on threats that could potentially have major effects on Powerlink’s activities. 
The selection of a risk assessment for the biosecurity process was based on three main 
criteria:

1. It had to be simple to use – The APCC risk assessment uses only 11 multiple choice 
questions broadly divided into invasiveness, impact and potential distribution. 

2. Specifi c enough to be applied to Powerlink’s unique circumstance – Powerlink’s 
primary responsibility is to prevent the spread of threats through the management of 
activities along easements. The APCC risk assessment clearly evaluates the three 
topics independently and can be used to break down a signifi cant category allowing 
assessment of the invasiveness of a species as well as the impact and potential 
distribution. 

3. General enough that it could be applied anywhere – The APCC risk assessment 
questions are based on general effects of species and do not take into consideration 
external or location based criteria. 

This risk assessment is used to allocate management options for threats, ensuring that 
activities are compliant with legislative requirements. It is also useful in targeting resources 
to manage species likely to affect Powerlink Queensland’s activities along easements. 

Management options

The six signifi cant categories from the APCC risk assessment have been condensed to fi ve 
categories for the purpose of the pilot (as outlined in Table 1.). These categories represent 
the risk that typical Powerlink activities may spread and/or disperse that particular weed, 
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pest or pathogen. The risk categories are assigned preventative management measures 
depending on the level of risk. The results of the risk assessment will also be used to identify 
areas or species where control programs are most needed. 

Table 1. Risk categories for assessing management requirements.

Biosecurity risk category Hold point Minimum required management

Low risk of spread/dispersal by 
Powerlink activities

No hold point 
required

• Avoid driving off access tracks/formed 
roads and over vegetative matter where 
possible

Medium risk of spread/dispersal 
by Powerlink activities

4 • Avoid driving off access tracks/formed 
roads and over vegetative matter where 
possible

• Inspect vehicle for vegetative matter. 
Brush/wash down of vehicle is required 
if vegetative matter is found.

• Personnel must note the location of the 
nearest wash down facility.

High risk of spread/dispersal by 
Powerlink activities

3 • Avoid driving off access tracks/formed 
roads and over vegetative matter where 
possible 

• Wash down of vehicle is required. 

• Personnel must note the location of the 
nearest wash down facility.

Very high risk of spread/
dispersal by Powerlink activities

2 • Exclusion zone. Entry generally not 
permitted. Entry may be permitted only 
after preparation of a prescriptive plan, 
including site supervision and activity 
register.

• The relevant regional land manager 
should be notifi ed of entry following an 
emergency.

Extreme risk of spread/dispersal 
by Powerlink activities

1 • Emergency pathogen outbreak. 
Contact an environmental 
representative in your area.
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PILOT PROCESS OUTLINE 

The biosecurity management process was developed to provide a self sustaining process 
that was fl exible and had an inbuilt auditing process which could be used to assess the 
effectiveness of the procedure. There are three sections to the process which can loosely 
be divided into:

1. Process preparation;
2. Offi ce based preparation; and 
3. Field based requirements. 

Process preparation is the identifi cation/collection, assessment, categorisation of biosecurity 
threats and presentation of information (baseline data). This part of the process requires 
ground surveys and data collection to identify the existing threats, determine the extent 
of those threats in relation to Powerlink activities and to verify new entries. This process 
is undertaken during annual land inspection with the aid of direct interface computer 
systems. 

Offi ce based preparation is the review of existing information on an easement prior to leaving 
the offi ce. This includes reviewing internal procedures and information in PQmaps and 
understanding what is required when in the fi eld. Before leaving the offi ce, fi eld personnel 
are required to undertake a PQmaps query of the section of easement that is intended to 
be visited. The query should identify if the area to be visited contains any weeds, pests or 
pathogens. If such issues have been identifi ed hold points will have been assigned and will 
be displayed in PQmaps.

Field based requirements include the activity/purpose for being on an easement, biosecurity 
management requirements and the continuous identifi cation and update of existing 
information. Once in the fi eld personnel will come across hold point signage to support 
the information on the maps provided and to ensure locations are easily identifi ed on the 
ground. Staff undertake the management required before moving on. 

The review and audit process of this strategy was designed to be a continuous process 
where by fi eld personnel can present information to direct supervisors for inclusion into 
PQmaps. Where new threats are identifi ed the risk assessment process will have to be 
undertaken and a signifi cance category assigned. The information would then be uploaded 
and visual within PQmaps and subject to verifi cation on an annual basis by a member of 
staff with training in the fi eld of identifi cation. Once verifi ed this will become the new baseline 
data for subsequent years. This process also allows threats and threat areas to be removed 
if control programs have been successful in eradication. 

CONCLUSION 

The review and development of the biosecurity strategy and pilot project were part of 
Powerlink’s commitment to continuous improvement of management practices. 
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The strategy aims to better guide decision making practices within Powerlink to maximise 
resources usage and more effectively manage biosecurity threats along easements. The risk 
assessment based strategy allows greater understanding in the selection of management 
options and provides transparency to internal and external stakeholders.

The risk based management strategy will provide an integrated business approach to the 
management of biosecurity treats and has provided a foundation for what is an evolutionary 
process towards the successful management of biosecurity threats.
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EXPERIENCES ASSOCIATED WITH THE USE OF FIRE IN 
WEED MANAGEMENT

 Shane Campbell
Biosecurity Queensland, Department of Employment, Economic Development and 

Innovation, PO Box 187, Charters Towers Qld 4820 

ABSTRACT

Fire, along with droughts and fl oods, is a natural force that has played a signifi cant role in 
shaping the Australian landscape and associated ecosystems. Fire is also important in the 
context of weed management. Some weed species thrive afterwards whereas others are 
highly susceptible to damage and will fail to establish or persist in areas that are regularly 
burnt. The effi cacy of prescribed fi res on a particular weed can also be much more variable 
than that of chemical and mechanical control techniques. This is largely because there are 
many more factors that have an infl uence, including type and timing of fi res, environmental 
conditions and fuel characteristics (e.g. quantity, distribution, moisture content and 
composition).

Before incorporating fi re into weed management programs it is important to understand how 
life stages of the targeted weed (e.g. seeds, seedlings, juveniles and mature plants) will 
respond and the likely impact on the surrounding vegetation. If the vegetation types wherein 
the weeds are growing contain fi re-susceptible species, careful consideration needs to be 
given to likely benefi ts relative to potential negative consequences. In some instances it may 
be more appropriate to implement other control options.

Keywords: burning, weeds, integrated management. 

INTRODUCTION

In this day and age where production costs for farm enterprises tend to be increasing 
substantially, it is critical that land managers utilise all available options in a cost effective 
manner to control weeds. This applies equally to conservation managers who are often 
responsible for large areas with entrenched weeds covering signifi cant portions.

There are many options available to control weeds including biological control, the use of an 
array of herbicides that can be applied using various methods, mechanical techniques and 
fi re (Vitelli and Pitt 2006). A reduction in the frequency of fi res is often suggested as a reason 
why weeds have increased signifi cantly in some areas. This is particularly the case for 
woody weeds in areas used for grazing production, where livestock consume pastures that 
would normally provide a fuel load for fi res. However, in some instances fi res are blamed 
for signifi cantly increasing the presence of weeds by providing a favourable environment for 
them to occupy.
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An understanding of a weed’s biology/ecology and its likely response to various fi re regimes 
can help indicate whether fi re would be an advantage or disadvantage in control programs. 
The aim should be to cause mortality to life stages of the target species whilst having 
minimal impact on the native vegetation. The widespread history of burning in the past 
has meant that many herbaceous and woody native plants are well adapted to frequent 
and low intensity fi res. Unusually intense fi res on the other hand may result in signifi cant 
mortality. In some instances the introduction of exotic species can alter the fi re regime and 
increase the susceptibility of native species to fi re. For example, the high biomass gamba 
grass (Andropogon gayanus) produces more intense fi res that native grass species and 
is resulting in the death of many native trees that previously survived less intense fi res 
(Rossiter et al. 2004).

This paper discusses the various roles that fi re can play in weed management using examples 
from past and current research on woody weeds in Queensland, whilst also identifying some 
of its limitations and times when alternative options may be more appropriate. 

EFFECT OF FIRE ON DIFFERENT LIFE STAGES

An abundance of information is available on the plant attributes that determine the response 
of plants to fi re. Fire may have an impact on one, several or all of a species’ life stages, with 
responses likely to vary considerably depending on the particular fi re regime imposed. 

Gill (1981) classifi ed fi re-adapted species into sprouters and non-sprouters, with the former 
further categorised according to the nature and position of the sprouts and the latter according 
to the nature and position of seeds. Plant species without any of these attributes may be 
regarded as non-adapted or at greater risk to fi re. 

Caution is recommended when classifying a species as fi re adaptive/susceptible until it has 
been exposed to a range of fi re regimes (Whelan 1995). More often than not, a species can 
survive a particular fi re regime, but may be susceptible to another type. Most plants are 
killed by fi re at some point in their life cycle, particularly if they experience fi re at infrequent 
intervals, under exceptionally adverse conditions or during times of the year when they are 
physiologically active (Trollope 1984). 

Mature plants

Of the exotic woody weeds currently threatening Queensland marked differences occur 
in their level of susceptibility to fi re. Bellyache bush (Jatropha gossypiifolia) and Prosopis 
pallida (Algaroba mesquite) are generally non-sprouters and appear to be two of the most 
susceptible, with only moderate intensity fi res necessary to kill mature plants (Bebawi and 
Campbell 2002, Campbell and Setter 2002). In contrast, chinee apple (Ziziphus mauritiana) 
(Grice 1997) and prickly acacia (Acacia nilotica) (Radford et al. 2001) are highly resistant and 
can be described as sprouters, often reshooting from above ground buds on stems following 
low/moderate intensity fi res. Rubber vine (Cryptostegia grandifl ora) is highly variable in its 
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response to being burnt, with mortality ranging from low to high depending on the type and 
timing of imposed fi res. For some species, such as lantana (Lantana camara) exposure to 
repeated fi res appears necessary to cause signifi cant mortality of mature plants (Williams 
2008). 

Besides killing plants, outright fi re can have a number of benefi cial uses in the fi ght against 
woody weeds. It may produce a top kill of the plants which will cause a reduction in cover 
and may lead to increased grass production. The effectiveness depends on how long it takes 
for plants to return to their pre-burn size. Likewise, seed production may be signifi cantly 
reduced for a number of years until plants become reproductive again. Once again this will 
depend on how quickly they regrow. Seed production in rubber vine is greatly reduced in the 
years following burning, whereas Chinee apple trees can return to pre-burn seed production 
levels within a short time after burning (Grice 1997).

Seedlings and juvenile plants

Juvenile plants and seedlings are generally easier to kill using fi re than mature plants. Thus, 
it is reasonably safe to assume that if mature plants of a species are susceptible to fi re, so 
will be seedlings of that species. This is certainly the case with bellyache bush and Algaroba 
mesquite, with plants of all sizes appearing to be susceptible (Bebawi and Campbell 2002, 
Campbell and Setter 2002). Grice (1997) found that fi re-induced mortality of rubber vine 
increased as plant size decreased. He reported 96% mortality of plants less than 1 m in 
height, double the kill rate for large plants (>2 m high). Fire may also be effective in killing 
seedlings and juveniles of species whose mature plants are tolerant of fi re. For example, 
Radford et al. (2001) reported signifi cant mortality of prickly acacia seedlings exposed to 
spring fi res. Young chinee apple plants, however, appear to remain fairly tolerant of fi re, with 
Grice (1997) reporting only a 10% kill of small plants exposed to a grass fi re. 

Seed banks

Whelan (1995) states that recruitment after fi re is dependent upon several factors relating 
to the seed bank: (1) size of the dormant seed bank accumulated since the last fi re; (2) 
mortality of seeds in the fi re; (3) proportion of seeds released from dormancy by the fi re; and 
(4) post-fi re production of non-dormant seeds. The ideal situation is that fi re substantially 
decreases the soil seed bank. If this occurs with non-sprouter species reliant on recruitment 
for regeneration, fi re alone may be a suffi cient method of control. If the seed bank of non-
sprouters is not deleteriously affected recruitment can occur. Secondary control measures 
will then need to be implemented to treat these individuals before they become reproductive 
and replenish the seed bank. This appears to be the case for bellyache bush and Algaroba 
mesquite with many seedlings often observed after burning (Bebawi and Campbell 2002, 
Campbell and Setter 2002). Field observations suggest that these seedlings grow faster 
than those in unburnt areas, most probably through a reduction in competition following 
death of mature plants. 
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If fi re stimulates large scale recruitment this can be considered either benefi cial or problematic 
for land managers. If they are able to control the new plants before they have the opportunity 
to become reproductive and replenish the seed bank it is possible that rundown of the seed 
bank could be expedited, thereby shortening the control period needed to address the weed 
problem. However if managers are not in a position to control the regrowth the problem 
could become worse than it originally was through an increase in weed density.

THE INTEGRATION OF FIRE WITH OTHER CONTROL OPTIONS

Rarely will a single fi re be all that is needed to control woody weeds. It may require repeated 
fi res, or the integration of fi re with other options such as the use of machinery, herbicides 
and biological control (Vitelli and Pitt 2006). Even if species are highly susceptible to fi re the 
heterogeneity of landscapes usually prevents whole areas being burnt. In some cases fi re 
may be the initial control strategy and in others it will be a secondary option. For example, fi re 
may kill a large percentage of rubber vine plants and reduce survivors to a more manageable 
size. Secondary control such as the use of herbicides can then control these. An example of 
fi re as a secondary control may be in the case where mature plants are treated by mechanical 
or chemical means and fi re is then used to kill seedlings. This could be an option for plants 
such as prickly acacia. While fi re has limited effect on mature plants it may be an effective 
option for dealing with small seedlings (Radford et al. 2001). 

CONCLUSION

This paper has outlined the potential for using fi re in the management of weeds. Fire has the 
advantage of being relatively inexpensive compared with chemical and mechanical control 
techniques and it can be applied over large areas. However, a major constraint to using 
fi re is fuel availability, and in pastoral areas, any destocking that is required to facilitate the 
accumulation of fuel will impose an economic cost. Nevertheless, no control option will be 
free and it is a matter of fi nding the most economical option, which does the least ecological 
damage. 
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SPRAYING THE WEED HYMENACHNE AMPLEXICAULIS WITH 
GLYPHOSATE – WHAT IMPACT ON THE ENVIRONMENT?

 Leo Duivenvoorden,  Wayne Houston and  Susan Kinnear
Centre for Environmental Management, CQUniversity, Rockhampton Qld 4702 

ABSTRACT

This study addresses concerns about off-target effects on the environment when spraying 
the weed hymenachne (Hymenachne amplexicaulis) with the herbicide glyphosate. One of 
the questions addressed was whether it is better to spray only parts of the weed infestation at 
one time, with follow up sprays later (thereby ‘spreading’ the impact of the spraying) or to do 
a full spray all at once. Prior to spraying large areas of the weed, various components of the 
environment were assessed at 12 sites and compared with those assessed after either a ‘full’ 
spray or ‘half/half’ spray regime. Aspects investigated included water quality, weed biomass, 
aquatic and semi-aquatic plants, macroinvertebrates, fi sh and semi-aquatic vertebrates.

This paper gives an overview of some of the research fi ndings. Prior to spraying, oxygen 
levels at all sites were very low (usually <15% saturation), refl ecting the high biomass of the 
weed at sites in the study. Following the spraying, oxygen concentrations further declined 
to near zero levels, and these were present about one month post-spray. These results 
suggest that for systems with a very high weed cover, there would be little difference in terms 
of impact on oxygen levels should the weed be sprayed using a ‘half/half approach’, or all of 
it at once. As reported by Houston and Duivenvoorden (2002), reduced plant taxa richness 
was associated with the hymenachne and this was also the case for macroinvertebrates. 
Importantly, the results suggest that with respect to macroinvertebrate richness, hymenachne 
could be sprayed all in one treatment without adverse effects. Examination of the fi sh 
communities showed that the major effect on the fi sh during the study was the large fl ood 
of February 2008. Both the study of the fi sh and the semi-aquatic vertebrates did not reveal 
any evidence to suggest that the ‘half/half’ spray regime was any better than the ‘full’ spray 
regime.

Keywords: hymenachne, glyphosate, macroinvertebrates, macrophytes, fi sh. 

INTRODUCTION

Hymenachne (Hymenachne amplexicaulis), a Weed of National Signifi cance, causes many 
problems for aquatic systems. Heavy infestations lead to declines in water quality caused by 
rotting vegetation removing oxygen from the water, pH decreases caused by plant leachates 
and increases in nutrient levels as a result of anoxic conditions below the weed mats. This 
decline in water quality can lead to fi sh kills and losses in vertebrate and invertebrate 
biodiversity. The weed also out-competes native vegetation, again reducing plant diversity 
in aquatic systems (Houston and Duivenvoorden 2002).
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Spraying of the weed with glyphosate can control its growth, but may lead to further oxygen 
removal and possible effects on aquatic life. Little is known of the impact of such spraying 
on water quality and aquatic biota. Oldmeadow and Chopping (2005) studied water quality 
changes after spraying various proportions of relatively small weed infestations in a six-
month study of a creek system near Mackay during 2003–2004. They found that oxygen 
levels declined within two weeks of spraying, with the full impact appearing four weeks after 
spraying. However, in central Queensland, much larger infestations commonly occur, often 
covering the entire water body. Hence, there is a need to study the effects of spraying large 
infestations of the weed with respect to water quality and aquatic biota: this will contribute to 
the existing best-practice knowledge base for hymenachne control regimes. 

Spraying all of a weed infestation at once, or only some of it, is a key question with respect 
to the effects on water quality and aquatic biota. In this study, we investigated the effects of 
a full spray compared to a ‘half/half’ spray on water quality and various components of the 
aquatic biota to evaluate different spraying regimes as a management tool for controlling 
hymenachne. We also aimed to determine how long it takes a system to recover from the 
effects of spraying.

MATERIALS AND METHODS

Due to the occurrence of a major fl ood in the Fitzroy River in the middle of the study in 
February 2008, for reporting purposes the study was divided into two stages. Stage 1 
reports the results of short- and medium-term responses to spraying (before and after 
the fl ood, respectively) and stage 2 represented the longer term responses. For the stage 
1 investigations, 12 sites were selected in three creek catchments that had signifi cant 
hymenachne infestations. Four of these were control sites (no spraying), four had the ‘half/
half’ treatment (one half sprayed fi rst, the other half later) and four had the full spray regime 
(complete spray of the entire infestation). These sites were sampled before and after the fi rst 
and second spraying events, with the fl ooding occurring after the second sampling. Control 
sites were only sampled at the beginning and end of the study period. For stage 2, eight 
sites were selected in a different catchment in which hymenachne had been controlled by 
spraying over a two year period. Four sites were located in the ‘natural’ area (never infested 
by the weed) and four in the ‘recovered’ area where the weed had been controlled and had 
been last sprayed three months earlier. These sites were sampled once in June 2008.

For stage 1, initial studies included documentation of the habitats occurring at each site, 
including an assessment of weed biomass and cover and water volume at each site. Sampling 
was conducted at sites prior to and one month after spraying in the time before the fl ooding, 
and prior to and six-eight weeks after spraying in the time after the major fl oods.

Water quality parameters measured included oxygen, conductivity, temperature, pH and 
pesticides on each sampling occasion, along with detailed measurements of oxygenation 
using loggers deployed just below the water surface at various sites. Biota sampled included 
aquatic macrophytes, macroinvertebrates, fi sh and semi-aquatic vertebrates including 
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amphibians, reptiles and mammals. Standard sampling and trapping methods were used 
(Duivenvoorden et al. 2008).

RESULTS

Infestation of sites by hymenachne was very high, averaging 70% cover. Water quality was 
generally quite poor at sites, with oxygen levels even at control sites very low, often below 
15% saturation. The weed died following the spraying at sites and much of it was washed 
away by the large fl oods in February 2008. 

Changes in oxygenation of sites were limited to decreases of less than 15% saturation 
immediately following spray treatments. There were few, or only short-lived differences 
recorded for other water quality parameters including pH and conductivity. Therefore, the 
effects of spray-based hymenachne control on oxygen levels and water quality appear 
negligible, at least for creeks that are already anoxic due to heavy hymenachne infestation. 

Reduced taxa richness for aquatic macrophytes and macroinvertebrates at infested sites 
confi rmed earlier reports of the effects of hymenachne on ecosystems. In particular, few 
submerged macrophyte species occurred where hymenachne dominated the edges of 
streams. Macrophyte richness varied signifi cantly between sites, with the highest diversity 
occurring in the Canal creek system, where 13–23 species were found per site. For 
macroinvertebrates, family taxa richness at sites was <15 taxa on any one sampling occasion, 
compared to other sites in central Queensland unaffected by hymenachne infestation where 
taxa richness is usually more than 22 taxa. ANOVA of macroinvertebrate data showed that 
there was a signifi cant difference between macroinvertebrate richness before and after the 
initial spraying – with higher numbers of taxa recorded one month after the spraying – and 
that there was no signifi cant difference between the ‘half/half’ and full spray treatments. There 
were no differences however between these times in the more sensitive macroinvertebrate 
taxa, as indicated by the PET and SIGNAL2 indices.

For the longer term recovery studies (stage 2) no signifi cant difference was found between 
the ‘natural’ and ‘recovered’ sites in terms of total macrophyte and macroinvertebrate 
richness, but the PET and SIGNAL2 indices were signifi cantly different. These indices were 
both lower for the ‘recovered’ as compared to the ‘natural’ sites. This suggests that further 
recovery of macroinvertebrates at the sites where hymenachne had been controlled could 
occur. 

During the study 11 fi sh, 37 water bird, 11 frog/toad, four turtle, two lizard and one mammal 
species were recorded. Spray regime (‘half’ or ‘full’) did not differentially infl uence fi sh 
biodiversity suggesting that water quality factors associated with decomposition of large 
amounts of dead hymenachne are not important in post-spray impacts at this scale of 
use (i.e., ground-based spraying over several hundred metres). As noted for the macro-
invertebrates, this may refl ect the unusually low levels of dissolved oxygen present within 
hymenachne-infested areas sampled in this study. With regard to the semi-aquatic vertebrate 
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species richness metrics, results indicated that there was no difference between the half/
half or full spray regime on these. Some differences however were recorded for some 
components between the surveys carried out before and after spraying.

DISCUSSION

For systems where there is a very high cover of hymenachne, the results of the study 
indicate that there is little difference to oxygen levels in spraying half the weed or all of it at 
once. Oxygen levels were generally very low during the study, often approaching zero levels 
irrespective of which of the two spray regimes was adopted. This suggests that it would 
make little difference to aquatic biota whether the weed is sprayed all at once compared 
to a staggered approach. Total macroinvertebrate richness increased when sampled one 
month after spraying (and there was no difference between the two spray regimes). Hence 
macroinvertebrate richness may not be adversely affected by the spraying. Results from 
stage 2 of the study provides evidence that indicates that the recovery time for the more 
sensitive macroinvertebrates following the control of hymenachne in an area is at least three 
months, possibly a lot longer.

Flooding dominated changes in fi sh biodiversity metrics and assemblages and led to substantial 
increases in fi sh species richness, total fi sh abundance and abundance of some species 
(Ambassis and Hypseleotris). The post-spray fi sh assemblage was slightly different from that 
of the pre-spray, but fi sh were at least as diverse and abundant as in the pre-spray situation. 
There was some evidence of recovery based on sites in stage 2 of the study, with the fi sh 
species richness and abundance of ‘recovered’ sites matching that of the ‘natural’ sites. 

Spraying did appear to infl uence some semi-aquatic vertebrate components. However, some 
of the species may be infl uenced more by sightability factors than the spraying. Seasonal 
activity patterns, such as frog breeding activity in response to spring rainfall commencing in 
October, may also have infl uenced detectability of frog species. Reptiles are also less active 
(and therefore less sightable) during the cooler months. It is not possible to be fully certain 
that semi-aquatic vertebrate assemblages were not infl uenced by these seasonal factors to 
some extent, and thus fi ndings are, to some extent, confounded by these problems. Analysis 
of the biodiversity metric data did show that faunal species richness measures were not 
signifi cantly different post-spraying suggesting that sprayed sites continued to support as 
diverse an assemblage as the pre-spray conditions.
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IVMP – A SUSTAINABLE MODEL FOR MANAGING MOWN 
VEGETATION

 Nick Bloor
Technigro, 2–10 Rudman Parade, Andrews Qld 4220

ABSTRACT

The Integrated Vegetation Management Project (IVMP) is a collaborative research project 
being conducted in Australia from December 2007 until December 2010. Drawing on current 
knowledge and practice, both nationally and internationally, the IVMP will evaluate and 
confi rm best practice methods in resolving specifi c issues with managing mown vegetation 
in Australia.

An overall increase in environmental knowledge and regulation, coupled with an ever 
increasing focus on safety, has prompted the implementation of current vegetation 
management methods that are responsive but often prohibitively costly. These current 
practices are not sustainable. Mown vegetation management is costly, dangerous and 
needs to be repeated often. Mowing also results in signifi cant weed seed dispersal issues 
driving up ongoing management costs. A need for greater knowledge about the effective 
management of mown vegetation, concerns about the potential off-target effects of chemicals 
and an understanding of the economic benefi ts of stabilising desirable plant communities, 
has prompted the decision to undertake this work.

Trial work is being conducted in Queensland and New South Wales by research scientists 
from Queensland Department of Primary Industries, Sydney Environmental and Valencia 
Ecosystems. Funding has been committed by Technigro, Brisbane City Council and 
Gold Coast City Council with Horticulture Australia Ltd (HAL) matching voluntary funding 
contributions on a dollar for dollar basis. With in kind support from industry partners Bayer 
Environmental Science and Syngenta Crop Protection, the total project value is in excess 
of $800,000.

The overriding strategic aim of the IVMP is the sustainable management of all classifi cations 
of mown vegetation and the improvement of undesirable ‘weedy’ species composition to 
that of a desirable, more manageable species composition. The outcomes realised in the 
IVMP will integrate vegetation management decision-making processes into vegetation 
management planning, design, construction, and maintenance. The expected benefi ts 
include a more economical and sustainable mown vegetation management model.

Keywords: integrated, vegetation, management, research, best practice.
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INTRODUCTION

Since the development of public assets, nature has challenged the integrity and function 
of those infrastructure assets with vegetation growth. Such challenges for modern assets 
range from risk minimisation, to the safety of asset users, to premature deterioration of 
the asset, to negative impacts on the environment where the asset is located. Limitations 
placed on resources that are available for designing, building and maintaining assets need 
to be considered by managers during decision-making processes. New methods and 
technologies need to be embraced to enhance the effectiveness, safety, and effi ciency of 
vegetation management activities. Doing so will allow programs to benefi t from innovation 
and to expand vegetation management methods, materials and techniques.

Over the past fi fty years, intensive mowing and the application of non-selective herbicides 
have been the predominant methods used to manage mown vegetation environments in 
Australia. More stringent environmental laws and standards, rising costs and increased public 
interests, necessitate the exploration of more sustainable and environmentally responsible 
methods which incorporate new technologies and incur lower ongoing maintenance costs.

In past decades, international vegetation managers in countries such as the United States, 
Canada and Mexico have developed a decision-making process known as ‘Integrated 
Vegetation Management’, which has been defi ned as ‘a response to poor vegetation 
management’. Poor vegetation management practices have ranged from blatant neglect to 
routine blanket applications of herbicides. International public asset vegetation managers 
have recognised the need to better manage the plant communities that will meet identifi ed 
goals. 

BACKGROUND

In Australia, little is known about the triple bottom line economics of managing vegetation 
or the actual life-cycle costs of vegetation management activities. An overall increase in 
environmental knowledge and regulation, coupled with a focus on safety, has prompted 
implementation of vegetation management methods that are responsive but often prohibitively 
costly.

Mowing is costly, dangerous, time consuming, needs to be repeated often and has lead to 
weed seed dispersal increasing management costs, and therefore is not sustainable. Such 
high-cost vegetation management activities have in many cases, exhausted the limited 
available resources (labour, equipment, and materials), especially at seasonal growth peaks 
during the busiest times of the year. In such situations, resources dedicated to repetitive 
vegetation management activities could have been devoted to implementing more sustainable 
processes as part of an integrated strategy. Innovative new ways to manage undesirable 
vegetation must be developed that meet the goals of both asset owner and asset manager, 
making the best use of limited resources. That is, there needs to be a holistic approach to 
addressing the problems faced with vegetation management in Australia. To achieve this 
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there needs to be an understanding of the life cycle, seasonal cycle, species composition, 
population dynamics and environmental conditions.

PROJECT AIM AND OBJECTIVES

The key project aim is through scientifi c evaluation and practical fi eld trials to conduct 
research that identifi es and tests a range of best practices, technologies and tools with the 
following objectives:

1. An environmentally, socially and economically sustainable model for managing mown 
vegetation in public open spaces;

2. Proven strategies for improving the quality of the managed area;
3. Proven strategies for the cost effective management of mixed species;
4. Cost effective management strategies for areas populated by predominantly 

undesirable grasses; and
5. Identifi cation of the plant species most appropriate for each given situation.

There are many benefi ts that can be realised through the implementation of the IVMP. These 
are based around quality, safety and environmental benefi ts, which over time will lead to 
a reduction in costs associated with mown vegetation management. These benefi ts are 
displayed in the following IVMP Model (Figure 1).

Figure 1. The Integrated Vegetation Management Project Model.

PROJECT METHODOLOGY

The project is based on current practices in Australia, a review of the literature on Integrated 
Vegetation Management from international sources and scientifi c study combined with 
practical fi eld trials, to identify the most appropriate vegetation management practices for:

Sustainable

Improved quality

Reduced cost

IVMP

Improved safety
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• Mown open spaces (urban and non-urban);
• Mown roadside vegetation (urban and non-urban);
• Amenity turf and sporting turf environments.

In undertaking this project, consideration is being given towards agency policies and 
procedures, State laws and regulations, costs and benefi ts, environmental impacts, public 
opinion, methods of vegetation management, revegetation, implementation, effectiveness 
and best management practices (BMPs).

An internationally experienced project team is focusing on three vegetation classifi cations 
that will best represent species composition across all managed environments including 
roadside, parklands, amenity turf and sporting turf. These classifi cations are:

1. Desirable monoculture;
2. Mixed species predominantly desirable;
3. Mixed species predominantly undesirable grasses.

The variance in species composition offers challenges that must be addressed if each 
vegetation classifi cation is to be appropriately managed. Different problems require different 
and innovative solutions. To ensure that the project outcomes meet the requirements of the 
amenity horticulture and roadside vegetation environments, strategies are in place that will 
ensure that the IVMP is readily adaptable to the environment in which it is implemented.

The overriding strategy of the IVMP process is the sustainable management of all 
classifi cations of vegetation and the improvement of undesirable species composition to 
that of a desirable, more manageable species composition as represented in the following 
IVMP Strategic Model (Figure 2).

Figure 2. The IVMP Strategic Model.

Desirable monoculture

Predominantly desirable

Predominantly undesirable

Manage monoculture

Transition to monoculture

Transition to desirable dominated

Manage undesirable dominated
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FIELD TRIALS

The IVMP is trialling integrated strategies using plant growth regulators, herbicides and 
nutrition, in combination with mowing and other activities, to determine the combination 
of activities that best suits the species composition present in each classifi cation. Trials 
are being conducted in amenity horticulture and roadside vegetation environments over 
three growing seasons 2008. These sites include mown vegetation in public open space 
areas such as parkland and roadside areas that border environmental areas within the Gold 
Coast and Brisbane regions, with State and Local Government asset ownership. Trial work 
is also being conducted in Sydney in similar situations. Field trials are being replicated at the 
DPI research facility at Redland Bay, Queensland. Project results are being made available 
to the project’s funding partners at the end of each year for the duration of the project 
life. Progress reporting is also being delivered on a quarterly basis with a commitment that 
positive fi ndings, as a result of the project, will be implemented as soon as practicable.

PROJECT OUTPUTS

The project outputs will include the development of:
• A sustainable model for better managing mown vegetation in open spaces such as 

parks, roadsides and amenity turf;
• New technologies and expanded registrations of pesticides and other chemical 

products for the turf and amenity horticulture industries;
• New and expanded uses for existing turf varieties;
• Categorisation of the optimal plant species for specifi c situations or environments; 

and
• A decision tree to assist asset managers.

Specifi c outputs created by the work being undertaken will include:
1. Best practice guidelines;
2. New application guidelines; and
3. New and expanded chemical product registrations.

PROJECT OUTCOMES

Three key outcomes have been identifi ed and the methodology for the evaluation, 
measurement and assessment of the project against these outcomes are as follows:

1. Strategies to deliver a 25% reduction in the triple bottom line cost of managing mown 
vegetation when compared with conventional practices currently in use;

2. Proven strategies that offer a quantifi able reduction in the risk for all stakeholders 
(asset owner, manager, user) measured utilising a risk scorecard methodology; and

3. Proven strategies that offer better environmental management and resource usage 
outcomes measured by reductions in carbon emissions, vegetation biomass and 
erosion.
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BIOLOGICAL CONTROL OF BELLYACHE BUSH (JATROPHA 
GOSSYPIIFOLIA) – CURRENT RESEARCH AND FUTURE PROSPECTS

 Dianne B.J. TaylorA,  Matthew ShortusA,  Tim A. HeardB,  Marion K. SeierC, 
 William A. PalmerA and  K. DhileepanA

A Biosecurity Queensland, Department of Employment, Economic Development and 
Innovation (DEEDI), Alan Fletcher Research Station, PO Box 36, Sherwood Qld 4075

B CSIRO Entomology Long Pocket Laboratories, 120 Meiers Road, Indooroopilly Qld 4075
C CABI Europe – UK, Bakeham Lane, Egham, Surrey TW20 9TY United Kingdom

ABSTRACT

Bellyache bush, Jatropha gossypiifolia L. (Euphorbiaceae) is a serious weed of dry tropical 
regions of northern Australia, particularly within riparian and subriparian habitats. Bellyache 
bush was approved as a target of biological control in 1996. A biocontrol project undertaken 
between 1997 and 2003 resulted in the release of a seed-feeding jewel bug, Agonosoma 
trilineatum (F.) (Scutelleridae). So far there is no evidence of establishment. A renewed 
biocontrol effort was initiated in 2007 with funding from the Queensland Government’s 
Blueprint for the Bush program. Several potential agents have been investigated, including 
Cylindrocopturus imbricatus Fall (Curculionidae), which was imported into the quarantine 
approved facilities at the Alan Fletcher Research Station in Brisbane. We discuss current 
research and future prospects for biocontrol of bellyache bush in Australia. 

Keywords: Jatropha gossypiifolia, biological control.

INTRODUCTION

Bellyache bush, Jatropha gossypiifolia L. (Euphorbiaceae) is one of the worst weeds of dry 
tropical regions of northern Australia Thorp and Lynch 2000). It is native to tropical America 
but now has a pan-tropical distribution. Introduced to Australia as a hardy ornamental in 
the late 1800s, bellyache bush is now found at many locations throughout Queensland, the 
Northern Territory and northern Western Australia (Bebawi et al. 2007), and has the potential 
to spread over much of northern Australia (Lazarides and Hince 1993). 

Bellyache bush forms dense thickets, reducing the usefulness of land for pastoral and grazing 
purposes. In terms of environmental impacts, bellyache bush reduces biodiversity, affects 
fi re regimes and destabilises creek and river banks (due to its shallow root system) (Csurhes 
1999). Further, bellyache bush is highly toxic (particularly the seeds) and stock losses due to 
poisoning occur during periods of drought when fodder is scarce. It is also toxic to humans. 
In Queensland bellyache bush is a declared Class 2 species under the Land Protection 
(Pest and Stock Route Management) Act 2002. It is also a declared species in the Northern 
Territory and Western Australia (Bebawi et al. 2007).
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Conventional control methods can be used effectively to kill bellyache bush plants (see 
summary by Bebawi et al. 2007). However, subsequent seedling recruitment is high and 
follow-up treatments are thus required, rendering many of these methods economically non-
viable. Biological control has the potential to provide effective control without many of the 
logistical issues associated with other control options. Bellyache bush was approved as a 
target for biological control in 1996, and in 2003 the seed-feeding jewel bug, Agonosoma 
trilineatum (F.) (Hemiptera: Scutelleridae) was fi eld released (Heard et al. 2009). So far 
there is no evidence of establishment.

In 2007 the Queensland Government’s Blueprint for the Bush program provided funding 
to recommence the biocontrol program against bellyache bush. Several potential agents 
have been investigated. We discuss recent research and future prospects for biocontrol of 
bellyache bush in Australia. 

RESULTS AND DISCUSSION

Native range surveys

Field surveys were conducted in north-eastern Brazil and northern coastal Peru in 2007. In 
2008 parts of Paraguay and Bolivia that are climatically similar to invaded areas in Australia 
were also surveyed. Evidence suggested that bellyache bush is not native to these regions 
and no new potential bellyache bush agents were identifi ed. Field trips were also conducted 
within Mexico and Venezuela to collect prioritised agents. 

Agent prioritisation

Based on the work previously conducted by CSIRO, Cylindrocopturus imbricatus Champion 
(Coleoptera: Curculionidae), Xylesthia sp. (Lepidoptera: Tineidae) and Colaspis sp. 
(Coleoptera: Chrysomelidae) were prioritised as the most promising agents and import 
permits were obtained. A rust fungus, Phakopsora jatrophicola (Arthur) Cummins (Uredinales: 
Phakopsoraceae) was also prioritised.

Larvae of Xylesthia sp. mine stem tips and leaves (Heard et al. 2002). Field observations 
indicated that Xylesthia sp. was specifi c to J. gossypiifolia. However, specimens were 
identifi ed by a lepidopteran expert as Xylesthia pruniramiella Clemens, a species also 
recorded from Prunus sp. and the bromeliad Tillandsia asciculata Swartz. Work on the moth 
was thus discontinued.

Colaspis sp. is a small beetle from Venezuela. Adults feed on leaf tissue and larvae feed 
on roots. Approval to import Colaspis sp. was granted in late 2008. However, the agent was 
subsequently identifi ed as Colaspis musae Bechyne, a known pest of banana plantations. 
No importations were made and work on this agent was discontinued. 
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Host specifi city testing

A host test list was developed based on the approved test list for A. trilineatum (which was 
specifi cally compiled for a seed feeding insect) with the prospect of new agents for host testing. 
The proposed list contains 38 species, all of which are members of Euphorbiaceae sensu 
lato. All fi ve Jatropha species found in Australia have been included, as have representatives 
from seven of the nine tribes in the subfamily Crotonoideae present in Australia. If an agent 
is imported into Australia for host testing, comments regarding the list will be sought from 
relevant parties. 

The stem-boring weevil C. imbricatus was imported in 2008. Observations in the weevil’s 
native range suggested the species was restricted to bellyache bush and can severely 
damage (even kill) plants. Both larvae and adults attack the stems; larvae feed and develop 
within the stem while adults feed on the outer surfaces. Three shipments of the weevil were 
received into the approved quarantine facility at the Alan Fletcher Research Station from 
Mexico over a six month period. However, despite trialling a range of conditions, mating 
could not be induced and consequently the colony died out. 

Preliminary host testing of the rust fungus, Phakopsora jatrophicola is in progress at the 
CABI in the UK on a strain originally collected from Mexico in 2000. The rust is widespread 
in many countries in the native range of the weed (e.g. Mexico, Venezuela, Nicaragua, 
Ecuador, Cuba and Dominican Republic) and the incidence of attack and level of damage 
is high. Attempts to establish a further strain of P. jatrophicola collected from Venezuela in 
2008 were unsuccessful due to limited inoculum. 

Future research

Exploration in Cuba is planned for later in 2009 to survey for potential new bellyache bush 
agents. There are also plans to revisit parts of central South America to confi rm that this 
region is not part of the native range of bellyache bush and thus unsuitable for further 
exploration.

Several species have been disregarded as potential weed biological control agents for 
bellyache bush, though there are still a number of arthropods collected from bellyache bush 
during fi eld surveys that may have potential. However considerable research is required 
before any of these species can be considered for importation into Australia for host 
testing.

Our focus is currently on C. imbricatus and P. jatrophicola. Until recently C. imbricatus was 
incorrectly known as C. jatrophae (Champion). Attempts to establish a colony of C. imbricatus 
are currently underway at the CSIRO fi eld station in Mexico. If successful, preliminary testing 
will be conducted, as well as studies to determine why a colony could not be established 
in Australia. If preliminary results for P. jatrophicola suggest that the rust is suitably host 
specifi c, a more detailed host specifi city test will be initiated.
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PEST MANAGEMENT ON QUEENSLAND’S PROTECTED AREAS

 John Hodgon
Conservation Management Branch, Queensland Parks and Wildlife, Department of 

Environment and Resource Management, 160 Ann Street, Brisbane Qld 4000

INTRODUCTION 

Invasion by pests, and their adverse impacts, is now acknowledged worldwide as one of the 
most signifi cant threats to biological diversity. For this reason pest management is a vital 
part of the management of Queensland’s protected area estate – the nearly 12 million ha, 
or about seven percent of the state, set aside to conserve representatives of the diverse 
terrestrial and marine ecosystems found in Queensland. 

This paper summarises the what, how and why of pest management on protected areas 
(that is, national parks and state forests) in Queensland – including priorities and objectives, 
management systems and funding for pest management. 

DISCUSSION

The Queensland Parks and Wildlife Division (QPW), Department of Environment and 
Resource Management (DERM) has obligations under the Nature Conservation Act 1992 
and Forestry Act 1959 to manage protected areas in accordance with principles aimed at 
conserving their inherent values. In common with all other landholders, DERM also has a 
responsibility under the Land Protection (Pest and Stock Route Management) Act 2002 to 
control declared plant and animal pests on its lands. 

QPW actively seeks to mitigate the potential for pests to cause adverse economic and 
social impacts beyond the boundaries of protected areas. An important part of managing 
pests across the landscape is to work closely and co-operatively with neighbours, rural 
communities and other government agencies. 

Additionally QPW seeks to maximise the benefi t from pest management programs by 
undertaking co-operative programs with neighbouring landholders, local councils, other 
agencies and community groups in accordance with our Good Neighbour Policy.

For example, miconia (Miconia sp.) is an aggressively invasive woody pest plant and a 
threat to rainforest ecosystems of the Wet Tropics. Currently infestations are localised 
and are being targeted for eradication through a joint-agency program and the federally 
funded National Four Tropical Weeds Eradication Program. The program includes active 
surveillance and a concerted and coordinated approach to containing known infestations 
adjacent to, and on, protected areas. 
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Priorities and objectives

The pest management priorities for QPW are to protect natural and cultural values and 
prevent the introduction or spread of any declared pest to, or from, protected areas.

Specifi c pest plant targets include declared Class 1 pests such as bitou bush (Chrys-
anthemoides monilifera subsp. rotundata), mesquite (Prosopis sp.), Siam weed (Chromolaena 
odorata) and miconia; plants identifi ed in national programs such as Weeds of National 
Signifi cance (WoNS) parthenium (Parthenium hysterophorus), rubber vine (Cryptostegia 
grandifl ora), pond apple (Annona glabra), lantana (Lantana camara), parkinsonia (Parkinsonia 
aculeata), prickly acacia (Acacia nilotica), blackberry (Rubus sp.) and hymenachne 
(Hymenachne amplexicaulis); and signifi cant environmental pest plants including cats claw 
(Macfadyena unguis-cati), Madeira vine (Andredera cordifolia), sicklepod (Senna sp.) and 
tobacco weed (Elephantopus mollis).

Equal management importance is given to pest animals with priority species including wild 
dogs, pigs, foxes, goats and horses.

Management systems

To achieve best practice pest management QPW has developed and adopted a Pest 
Management System. The system guides planning and on ground activities and encourages 
an integrated and long-term approach to managing all pests.

Key components of the Pest Management System include:
• Consistent and standard approach to pest management across the state;
• Framework for pest management planning to allow QPW to meet its legislative 

obligations;
• Site-based (rather than species-based) approach to pest management – facilitating 

integrated management of all pests;
• A prioritisation process to provide direction for operational activities;
• An approval and review process; and
• Integration with ParkInfo.

QPW’s GIS-based natural resource management system Parkinfo is used to store, collate 
and analyse information related to pest and fi re management. Specifi cally Parkinfo is used 
to record pest distributions and treatment histories and to summarise and analyse this 
information. 

Pest management information (including control techniques, is made easily accessible to 
operational and management staff via a series of intranet pest management pages. The 
pages are maintained regularly and new information is continuously added. 
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Funding

Funding for routine pest plant and animal management is included in the overall budget for 
estate management and approximately $3 million was spent on routine pest management 
in 2008–09. 

Additionally $1.5 million has been provided each year since 2004/05 to enhance operational 
pest management by funding strategic pest projects across the state through the Pest 
Initiative. In 2008/09 84 projects were funded including:

• Class 1 pest plants – Innisfail protected areas;
• Gamba grass on Cape York;
• Hymenachne containment and eradication at Kalinga;
• Bitou bush control Great Sandy;
• South-East Region Madeira vine;
• Prickle bush management around Charters Towers and Longreach;
• Camels in the Simpson Desert NP; and
• Moreton Island Pigs Program.

Proposals received for funding under the initiative are assessed by a panel comprising QPW 
staff and external experts and comment from each of the relevant WoNS management 
groups is also sought. Many of the projects support WoNS containment or eradication lines 
and zones. 

CONCLUSION

QPW continues to conserve biological diversity on Queensland’s protected areas. Notable 
pest management successes for QPW include: 

• A signifi cant reduction in rubber vine infestations on Bowling Green Bay National 
Park south of Townsville; 

• Reducing the potential for hymenachne to spread into Lakefi eld National Park;
• Active involvement in the ongoing eradication of bitou bush from Queensland; and
• Approaching eradication of pigs from Moreton Island. 
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WATCH OUT FOR THE PURPLE PLAGUE! STATUS OF 
THE ERADICATION OF MICONIA CALVESCENS FROM 

AUSTRALIA

 Simon BrooksA and  Mick JefferyB

A Biosecurity Queensland, Department of Employment, Economic Development and 
Innovation, PO Box 187, Charters Towers Qld 4820

B PO Box 20, South Johnstone Qld 4859

ABSTRACT

Miconia calvescens, alias ‘The Purple Plague’, spread rapidly and displaced native 
rainforest biota on several South Pacifi c Islands following its introduction from the 1930s 
onwards. Between 1996 and 2008, 49 locations with M. calvescens have been documented 
in Australia. This paper reports on the status of M. calvescens locations in Australia, as part 
of a nationally cost-shared tropical weed eradication program. It overviews fi eld operations, 
efforts to raise awareness of the species and the steps taken to manage the incursion and 
permanently prevent this environmental disaster from widely establishing in Australia.

Keywords: eradication, Miconia calvescens, weed, tropics.

INTRODUCTION

Miconia calvescens DC. (Melastomataceae) is a small, attractive, shade tolerant rainforest 
tree with frugivore-dispersed berries and distinct bicolorous leaves up to 1 m long. M. 
calvescens was displayed in several public gardens and was sold in some Queensland 
nurseries and markets prior to 1996. In recognition of the environmental devastation M. 
calvescens had bought to islands in the Hawaiian and Tahitian archipelagos, all Miconia 
species were weed declared in Queensland in 1997. 

Since late 2001, a nationally cost-shared weed eradication program has been underway 
to fi nd and control all the occurrences of this plant, in collaboration with Queensland Parks 
and Wildlife and Cairns, Cassowary Coast and Tablelands Regional Councils (Erbacher 
et al. 2008). Field staff are refi ning survey and mapping methods in rainforest habitats to 
determine the extent of each infestation and prevent reproduction. The eradication program 
is also developing practices to document and report fi eld activities. Single infestations of 
the shade tolerant shrubs Miconia racemosa (Aubl.) DC. and Miconia nervosa (J.E. Smith) 
Triana have also been identifi ed in the wet tropics and are included in the ‘Four Tropical 
Weeds Eradication Program’, another nationally cost shared program. 
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MICONIA LOCATIONS

Botanical garden specimens

Desktop enquires and trace back information in the lead up to the declaration of M. calvescens 
in 1997 found plants in Queensland (Cairns, Townsville and Mt Coot-tha) and interstate 
(Sydney and Melbourne) botanical gardens (Csurhes 1998). Queensland government offi cers 
documented these occurrences in 1996. However, most plants had been removed or died 
before the Queensland declaration and several infestations are considered eradicated. Off-
duty land protection offi cers recognised an immature plant at Mt Tamborine in 2003 and a 
potted specimen in a shade house area of the Townsville Botanical Gardens in 2008. There 
are also historical specimens documented in Townsville, including the initial introduction 
to Australia in 1963 (Csurhes 1998). There is currently no evidence of natural dispersal 
from botanical gardens although seed production was noted on the Cairns specimens in 
the 1990s (Paul Davis personal communication 2007). Botanical garden specimens could 
provide publicly-accessible sources of seed for further cultivation. 

Cultivated specimens and nurseries

Overseas and local observations have indicated that a single M. calvescens can start an 
infestation, so detecting single garden, potted or nursery plants before they naturalise is 
an important step in preventing new infestations. Fourteen locations with cultivated plants 
have been documented since 1996, with 12 locations in far north Queensland. One garden 
specimen was traced through herbarium records to the Brisbane suburb of Oxley, while 
another glasshouse specimen was controlled near Burringbar in northern New South Wales 
in 2003. These locations would become small infestations if additional naturalised plants 
were found, but in the absence of seed production at least eight are considered eradicated. 
In May 2008, a plant was reported by a Biosecurity Queensland plant health inspector after 
the delivery of training on weed eradication target species.

Enquiries prior to the declaration of M. calvescens uncovered the sale of plants at nurseries 
and markets in the Cairns and Tully areas during the 1980s (Csurhes 1998). Since 1996, 
immature plants have also been removed from nurseries near Mission Beach, Deeral, 
Kennedy, Cairns and Burringbar (New South Wales). Nurseries are also situated within or 
adjacent to the large El Arish and Kuranda infestations. 

Small infestations

Twenty-two small infestations have been identifi ed in far north Queensland since 1998. 
There are fewer than 450 plants recorded per infestation and control areas are less than 20 
ha. Plants have been recorded at most infestations in the last 6–12 months so infestations 
are currently in a control phase. 

An infestation was also identifi ed near Murwillumbah in northern New South Wales in July 
2008; this infestation is further south than the plant’s native range in South America. Ten 
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small infestations have been found since 2006 and efforts to determine the extent of the 
recent discoveries are continuing.

Large infestations

Three large infestations (Kuranda, Whyanbeel and El Arish) with cumulative totals of over 
1000 plants and control areas over at least 40 ha have been detected in far north Queensland. 
At Kuranda, M. calvescens was initially reported by nursery staff who viewed extension 
material circulated after the weed was declared. Additional patches around the township of 
Kuranda have since been reported by members of the public or local and state government 
offi cers and though on-ground survey. Plants have spread from backyard plantings around 
Kuranda into disturbed rainforest and National Park areas but a large ground survey in 2004 
increased confi dence as to the extent of this infestation. 

Following information from a landowner at Whyanbeel Creek (north of Mossman) in 1998, an 
increasing amount of forested land near Boulder and Whyanbeel Creeks has been ground-
surveyed. This infestation has spread through dense rainforest across several properties 
and into the adjoining Daintree National Park and is also the only known location of M. 
nervosa outside of the tropical Americas (Sydes and Galway 2008). 

Since its discovery in 2004, up to 334 ha around the El Arish infestation have been ground-
searched repeatedly. From a few cultivated plants in 1978 this infestation has spread across 
several properties and into the Japoon National Park (Murphy et al. 2008). In 2007 and 
2008 helicopter surveys were conducted over several infestations but were most effective 
at detecting plants over the cyclone-affected El Arish infestation, increasing confi dence as 
to the extent of this infestation. The three large infestations are currently in a control phase, 
with plants found in the last 6–12 months. To account for frugivore dispersal, large areas 
are searched annually over a range of terrain and forest types. Over the past two years 
extended ground surveys have detected outlying plants at Whyanbeel and El Arish. 

FIELD OPERATIONS

An initial survey of new infestations aims to contact the landholder, confi rm the species, 
determine land tenure, undertake control and create superfi cial access trails. The landholder 
is given information on the weed species, best practice control and obligations under the 
Land Protection (Pest and Stock Route Management) Act 2002. Information is sought on the 
likely source and age of the infestation. 

Following the initial surveys, comprehensive extended ground surveys are conducted to 
control and delimit the infestation. This area includes the locations where mature plants have 
been found plus a 500 m dispersal buffer, which creates a 78 ha search area. Additional areas 
that are beyond the search area and have a potential risk of spread (particularly drainage 
lines) are also surveyed. Systematic fi eld surveys of known infestations are conducted on 
foot using an ‘emu parade’ with staff spaced at regular intervals and a line of sight from 
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person to person. Any plants found are removed, fl agged and tied to vegetation. Most M. 
calvescens are controlled manually; large stems are cut and treated with Vigilant® Gel (5% 
picloram). 

The program has recently upgraded their GPS units to more accurately record survey 
information under closed canopy rainforest. This will increase the effi ciency of fi eld 
operations by ensuring areas are more thoroughly surveyed and mapped. Survey points are 
cross-referenced using topographic maps, aerial imagery and cadastral information. Daily 
data sheets recording plant density (including nil found), area, number, reproductive status, 
effort and treatment are completed. This information is entered in a database which stores 
data for reporting against performance indicators, producing maps, evaluating operational 
effectiveness and enabling data sharing. 

Most infestations are visited annually, yielding several opportunities to detect plants before 
they mature, which is thought to take at least four years (S Brooks, unpublished data). 
Infestations are monitored regularly until nil recruitment has been recorded for at least fi ve 
years. 

Weed spread prevention is an integral component of the eradication program. Where entry 
into an infestation is unavoidable, activities such as personal weed hygiene at exit point of 
infested areas (e.g. check clothing, hair and back packs, scrub footwear) and thoroughly 
cleaning down of vehicles are undertaken to ensure weed material is not spread outside 
the infested area. Risk assessments on the potential of weed spread are conducted for all 
infestations. Where the risk is considered high (such as movement of stock or machinery 
in the area), formal plans are developed with the landholder to address the risk of spread, 
including Codes of Practice and Property Pest Management Plans (PPMP).

EXTENSION ACTIVITIES

The program has a communication strategy which identifi es stakeholders including funding 
bodies, government bodies, landholders, and industry, community and research groups. 
A variety of communication methods are utilised and tailored to each stakeholder group. 
Creating and maintaining the ability of weed offi cers and members of the public to recognise 
M. calvescens have proven important in the detection of new infestations. Fifty-two percent 
of M. calvescens locations have been identifi ed by local or state government offi cers 
(employed in a weed-related fi eld) not specifi cally looking for this species. So it is essential 
that the program maintains awareness amongst weed professionals as this is the most 
important detection method to date. 

Thirty-four percent of new locations have been reported by members of the public, educated 
by extension activities such as fact sheets, advertisements, articles, ID cards, specimen 
displays and presentations. Maintenance and tracking of awareness and extension activities 
throughout the eradication program will provide further detection capacity and more 
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confi dence as to the extent of the incursion. The remaining 14% of locations were traced 
through a variety of desktop sources in the mid 1990s; these activities identify introduction 
pathways early in an eradication program.

RESEARCH

Research projects investigating basic species biology under local conditions and documenting 
progress towards eradication have been undertaken by Biosecurity Queensland and CSIRO; 
this focuses on improving local knowledge and modelling population growth and spread, 
reproductive output, seed bank persistence, invasion processes after natural disasters and 
genetic relationships (Erbacher et al. 2008).

SUMMARY

Through fi nding and controlling public garden, nursery and privately cultivated M. calvescens, 
and controlling over 22,000 plants from infestations in the last four years, the eradication 
program has already removed much of the potential threat to Australia. Although the large 
infestations and recently discovered smaller infestations will require substantial resources 
for several years, the program and collaborators, including researchers, are conducting and 
refi ning fi eld operations so each infestation progresses towards eradication. Maintaining 
public and professional awareness of this attractive plant remains crucial to identifying all 
the infestations in Australia. 
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THE MEXICAN FEATHER GRASS RESPONSE IN QUEENSLAND

 Martin Hannan-Jones,  Jane Morton,  Noel Greiner,  Clyde McGaw,  Hellen Haapakoski, 
 John Cross and  Joseph Vitelli

Biosecurity Queensland, GPO Box 46, Brisbane Qld 4001

ABSTRACT

In 2008, Mexican feather grass Nassella tenuissima (Trin.) Barkworth (MFG) was discovered 
growing in a landscaped garden on a Brisbane footpath. This was the fi rst reported occurrence 
of this weed in Queensland and led to an emergency response by Biosecurity Queensland. 
Trace back though a landscape contractor identifi ed the source to be a shipment of 
ornamental grass from a Victorian nursery that had been incorrectly labelled. Trace forward 
from the supplier to end-users has resulted in recovery of all but 68 of the original 288 
plants. Decontamination of sites and monitoring is expected to continue for the next four 
years.

Keywords: emergency response, mislabelling.

INTRODUCTION

Mexican feather grass (MFG) (Nassella tenuissima (Trin.) Barkworth) – is a Class 1 pest 
plant under the Queensland Land Protection (Pest and Stock Route Management) Act 2002. 
The objective of Class 1 management is to prevent their introduction into Queensland and to 
detect and eradicate new or existing infestations. MFG is also a declared or noxious weed 
in Victoria, South Australia, New South Wales and Western Australia.

MFG is closely related to two Weeds of National Signifi cance (WoNS) – serrated tussock 
(Nassella trichotoma (Nees) Hack. ex Arechav.) and Chilean needle grass (N. neesiana 
(Trin. & Rupr.) Barkworth).

There have been a number of previous incidences of MFG appearing in commercial trade in 
Australia. In 1996 it was sold in NSW incorrectly labelled as the Australian native Austrostipa 
elegantissima (Labill.) Jacobs and Everett (Jacobs et al. 1998). In 1998, it was also found 
being sold under its old name Stipa tenuissima (McLaren et al. 1999) in Victoria. In New 
Zealand, it was believed that Mexican feather grass was mistakenly imported as S. tenuissima 
and the closely related Esparto grass Stipa tenacissima (Jacobs et al. 1998) which has been 
in cultivation for a number of years.

Since 1999, the import of MFG under either N. tenuissima or S. tenuissima has been 
prohibited. However, S. tenacissima is on the permitted seed list; allowing for the possibility 
of inadvertent spelling errors or intentional ‘name shopping’ of imported seeds.
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MFG has a disjunct native range with a northern range in Mexico and southern USA and 
a southern range in Argentina and Chile. In its southern range, MFG shares habitat with 
serrated tussock N. trichotoma. It is less palatable than serrated tussock from which it is 
diffi cult to distinguish when not fl owering. This grass has the potential to cause economic 
and environmental damage to agricultural land and environmentally signifi cant regions 
throughout Queensland. It is a tough wiry grass with no grazing value and threatens pastures 
in southern and central Queensland.

It is said that the popularity of MFG in the international horticultural trade occurred after 
1987 when its seed was imported from the Kew grass garden to California and ‘within a 
year the trade was abuzz with this ‘new’ ornamental wonder and the rest is history’ (Amme 
2003).

THE 2007/08 INCURSION

The 2007/08 incursion of MFG came to the attention of Victorian authorities in the lead up to 
Mothers Day 2008. It was discovered that promotions of an ornamental grass being offered 
by two major retail chains under various ‘trade’ names (including S. capillata and S. capriccio) 
were identifi ed as MFG. One of the chains had sent stock to some of its Queensland stores 
but enacted a voluntary product recall of MFG once advised. Spot checks by Biosecurity 
Queensland Offi cers indicated that the stock had not reached the shelves and had been 
returned or destroyed. The incursion response then remained a Victorian issue of trace back 
to source. This was subsequently found to have resulted from the import of seed under an 
incorrect name into Victoria from overseas.

In October 2008, a Biosecurity Offi cer, by chance, found four very unusual looking grass 
plants in a Brisbane street landscape planting; these plants were in fl ower and had set seed. 
The Queensland Herbarium verifi ed the fi nd as MFG and this triggered a full emergency 
response by Biosecurity Queensland.

This emergency response was set up initially under the National Weed Incursion Plan 
(NWIP). An emergency response entails the formation of specifi cally tasked groups with 
staff assigned to specifi c roles. These groups include:

• State Headquarters Control Centre (SHQCC) responsible for state-wide policy and 
planning relating to the incursion;

• Local Weed Control Centre (LWCC) responsible for operational activities including 
surveillance, trace back and trace forward investigations, quarantine, control, 
decontamination; and 

• Control Group of involved stakeholders including, in this case, the Nursery and 
Garden Industry Queensland (NGIQ).

Subsequent Biosecurity Queensland trace back investigations revealed that the incursion 
was the legacy of the Victoria incident in May 2008. The plants found had been planted by a 
landscaper from stock bought at a local wholesale trade nursery. These plants were supplied 
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from a local production nursery that had been supplied trays of seedlings from a Victorian 
supplier. The Victorian supplier had mistakenly and interchangeably labelled MFG as either 
S. capriccio or S. capillata and sold into Victoria, South Australia, New South Wales, ACT 
and Queensland. Sales into Queensland amounted to over 1000 Stipa plants in 2007 and 
2008. These were investigated in 2008, but it appeared that only a batch of 288 S. capriccio 
plants were actually MFG. 

The Queensland production nursery had unwittingly perpetuated the labelling error when 
they potted up the tube stock. Subsequent sales through numerous retail outlets and the 
supply by landscapers across southern and central Queensland were under the incorrect 
name S. capriccio. One enterprising person had split one MFG clump into 10 single plants 
which meant 297 plants were to be recovered.

The LWCC team traced forward most of these plants to stock on shelves or plants in 
landscaped gardens with the assistance of the NGIQ, the Queensland production, 
wholesale, retail nurseries and landscapers involved. In all cases the stock on shelves or 
plants in ground were voluntarily surrendered to Biosecurity Queensland by the owners. 
In Queensland, localities of MFG stock distribution included Surat, Longreach, Emerald, 
Goondiwindi, Brisbane, Ipswich, Redlands, Mackay, Biloela, Kingaroy and Gympie. In most 
cases plants were in the gardens of urban residences close to the point of sale. However, in 
regional towns plants were transported some distance from the point of sale to house yards 
of rural properties. There were also two cases where plants were moved from Kingaroy to 
Toowoomba. 

AWARENESS AND RESPONSE

A targeted awareness campaign was directed into the localities of the point of sale to fi nd 
the plants that had ‘disappeared’ as cash retail sales. This has resulted in the retrieval of 
further plants. 

The awareness campaign included the following components: 
• Media releases targeted to metro and regional newspapers with signifi cant take up;
• Feature articles in selected newspapers;
• Paid advertisements in selected newspapers and on radio;
• Inserts for landscape suppliers, Weedspotter and NGIQ newsletters;
• Information packs for affected land owners;
• Letter box drops of all residents in selected affected areas; 
• Handout and brochure holder for display at point of sale in nurseries;
• Presentations at garden clubs and events at the Mt Coot-tha Botanical Gardens;
• Displays at the ABC Gardening Show, regional shows and local shopping centres;
• Long term static displays at metro and regional botanical gardens and libraries;
• Information on DPI&F and Local Government Authority websites;
• Information provided to relevant local schools, TAFE colleges, Agricultural Colleges, 

environmental education centres; and 
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• Training Local Government Authority staff to identify MFG to assist in monitoring 
activities.

All sites where seedlings were detected have been placed under Emergency Quarantine 
Notices. Sites where the risk of establishment was greatest were subject to decontamination 
(such as the removal and replacement of mulch, topsoil and adjacent plants) and this will be 
followed by an ongoing structured monitoring program until the depletion of the seed bank 
has occurred estimated to be four to twelve years.

In January 2009 the emergency response moved to project phase which meant a reduction 
in staff involved and a scale back in active surveillance to monitoring of all known sites and 
investigation of new referrals. 

ECOLOGY

Seedling emergence to date has only been found in the greater Brisbane and Gold Coast 
areas. With the exception of one site (where seedlings are being grown out to compare 
growth rates with greenhouse seedlings) seedlings have been hand pulled when discovered. 
Mortality is high for both in-situ fi eld (73% mortality) and greenhouse (57% mortality) grown 
seedlings (Vitelli, unpublished data). Growth rates of seedlings to date average ~2 mm in 
height per month, indicating that the time period between emergence and fl owering may 
be greater than 12 months. The greatest distance of seedling emergence from an original 
plant is 10 m. Conversations with landowners indicate that at this distance the seed and awn 
appear to separate when dispersed by the wind.

Scientifi c studies during the response also examined seed production and seed viability. 
Seed production from the seized MFG plants was estimated to be ~7000 seeds per plant 
(ranging from 164 to 19420 seeds/plant) with seed viability at >91%. Depending on site the 
minimum number of MFG grass seeds potentially incorporated into the soil ranged from 
22 to 541 seeds/m2 (Vitelli unpublished data). These estimates are based on microscopic 
examination of the number of missing seeds from the fl orets of removed plants. Climate 
matching shows that much of central and southern Queensland is similar to the native range 
of MFG in North and South America. 

FUTURE

At this time, it is undecided whether a National Eradication Program will be conducted for 
MFG. Queensland will continue to monitor sites where MFG has been found and attempt 
to locate untraced plants to prevent MFG becoming the potential weed problem it would 
otherwise become. Additional studies into the plants biology and ecology (e.g. time to 
reproduction, seed longevity, dispersal syndromes etc.) will run concurrently during the 
eradication program to further assist in the development and refi nement of management 
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options, including the probable duration of an eradication program and designing delimitation 
strategies.
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TERRESTRIAL AND AQUATIC WEED DETECTION USING ROBOTIC 
AERIAL SYSTEMS

 Salah Sukkarieh,  Ali Goktogan,  Mitch Bryson,  Todd Lupton and  Calvin Hung
Australian Centre for Field Robotics, University of Sydney NSW 2006

ABSTRACT

In 2007 the Australian Centre for Field Robotics at the University of Sydney was funded 
under the Defeating the Weed Menace program to develop a prototype robotic aerial system 
that could be used to detect and spray aquatic weeds (alligator weed and salvinia). The 
system developed comprised of a robotic helicopter with on board surveillance system 
that could traverse along water ways, collect high resolution imagery, and geo-reference 
potential weed locations for subsequent autonomous spraying. This paper will present the 
fi ndings of the work including the development and testing of the platform and the machine 
learning algorithms used for detecting aquatic weeds. The paper will also present ongoing 
work in the detection of terrestrial weeds including serrated tussock (Nassella trichotoma), 
cacti, and woody weeds.

Keywords: robotic aerial system, machine learning, weed detection.

INTRODUCTION

Robotic aerial vehicles, otherwise known as unmanned air vehicles (UAVs), are essentially 
aerial platforms with sensors, computers, actuators and algorithms. The sensors detect 
properties such as the velocity of the platform and wind speed; the actuators provide a 
way to drive the various control surfaces on the platform; and the computers house the 
algorithms which do all the ‘thinking’, such as waypoint traversal, hovering, and sensor 
pointing. There are principally two types of UAVs: the fi xed wing UAV (FUAV) which has the 
standard confi guration of most aircraft, and the rotary wing UAV (RUAV), basically a robotic 
helicopter.

Although UAVs have been used for military applications since the First World War (Cook 
2007), their civilian applications (Cox et al. 2004, Dossier 1999), particularly their use in 
agriculture (Herwitz 2002), rangeland and ecological research (Rango 2006), is relatively 
new. The high cost of the UAV platforms, the safety concerns, and the need for specialised 
operating personnel are the major reasons behind the delayed introduction of the UAVs to 
ecological research. The increasing availability of more reliable and low-cost UAV platforms 
offers new possibilities.

Aerial photography is the most common UAV application in rangeland and ecological 
research. The UAVs used in these applications vary from low-cost model aircrafts to custom 
built, state-of-the-art aerial platforms. 
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The above mentioned works focus on surveillance using FUAVs. The work presented here 
differs in that a RUAV is used and not only for aerial imagery of weed infested habitats, 
but also for spot spraying the designated locations. Furthermore, the presented work also 
incorporates an automated weed detection and classifi cation algorithm.

Another distinguishing factor is that the RUAV has multiple modes of operations: manual 
control mode, semi-autonomous, and autonomous fl ight modes. Although the current 
aviation safety rules in Australia limit the RUAV operations to be performed only by qualifi ed 
UAV operators, the fl exibility in operation modes increases the future possibility of operating 
the RUAV without specialised UAV personnel.

PROJECT BACKGROUND AND SYSTEM DEVELOPMENT

For the 2007/08 Defeating the Weed Menace program (DWM), we proposed to build and test 
a prototype robotic aircraft and surveillance system to detect aquatic weeds in inaccessible 
habitats. The know-how and technology is not new: we have been working on such systems 
for the aerospace industry for over a decade. However, a new application of the technology 
and the different test environment meant we had to devise new technologies and approaches. 
The prototype aerial robot houses sensors and spray systems. The sensors take imagery of 
the environment the robot fl ies over, classify the imagery so as to detect where the weeds 
are (if any), and geo-reference the location of those weeds. The robot can then be tasked to 
go back to those weed locations and spray them with an appropriate herbicide, or be tasked 
to spray them at the same time that they are detected. The project was divided up into two 
key areas:

1. Development of the robotic aerial platform; and the
2. Development of novel machine learning algorithms to discriminate between different 

plant species.

The robotic platform and surveillance system

We used a modifi ed model helicopter as the platform. Using a helicopter gave full 
manoeuvrability, including ability to hover, making it possible to traverse large distances, 
move in tight situations, and hold position to take imagery or to spray herbicide. This involved 
development and tuning of fl ight control and navigation algorithms and spray mechanisms. 
The fi nal system can fl y for approximately two hours and carry approximately 500 mL of 
herbicide (water was used in the project for demonstration). 

Early in the project, many experiments were conducted testing various ideas on the type 
of sensors and detection algorithms we could use. We needed this information to establish 
the size of the surveillance system, which in turn would decide how we would mount the 
system on the helicopter. Colour and multi-spectral vision systems including IR and NIR 
were analysed. We determined that a light-weight, high resolution sensing device which 
provided separate RGB colour information was needed. 
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Weed detection

In order to classify weeds in near real-time we needed a means of learning the particular 
attributes of a weed so that an algorithmic model describing the weed could be developed 
and used on the platform. This would provide us with a computationally effi cient algorithm 
that could reasonably quickly detect the likelihood and provide a probability measure of a 
particular weed being present. Using supervised learning techniques we were able to learn 
classifi cation models of alligator weed and salvinia. The classifi cation algorithm is based on 
maximum margin classifi cation. 

A large data set of n × n pixels of imagery taken from the camera is collected, and the set 
separated manually into what is and what is not a weed. Each n × n pixel is in itself marked 
as an image of p dimensions. These dimensions take into consideration colour, shape and 
texture. The classifi cation algorithm then tries to determine a hyperplane which separates 
the images into two sets. The objective of the algorithm is to determine this hyperplane, 
which is of maximum distance (Euclidean in the imagery space) between the two datasets. 
When found, this hyperplane becomes the detection model. Any new data that comes in 
is passed through this model and will fall on either side of the hyperplane depending on 
whether it is or is not a weed. Depending on how far the image fi ts away from the hyperplane 
will determine the probability that the image is within that set. The algorithm proved to be 
very robust and reliable.

RESULTS 

Tests were conducted at the Killarney Chain of Ponds in Pitt Town near Sydney. This area 
is known for its spread of alligator weed and salvinia. The trials were conducted in April 
(alligator weed) and August (sprayed salvinia) 2008 on one of the farms that we had access 
to. The system worked as planned, being able to fl y over the aquatic site, collect imagery, 
communicate to the ground station, and spray at designated locations. 

Figure 1. The robotic aerial vehicle over sprayed salvinia at the Killarney Chain of Ponds.
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Figure 2. The top row represents the classifi cation results of alligator weed, and the 
bottom row that of sprayed salvinia. The images in the left hand column are those directly 
from the imaging system, and that of the right hand column are the output of the learnt 
classifi cation model.

FUTURE WORK 

Currently we are collaborating with the MLA and the AWRC (DAFF) to see how this system 
could be used, as well as other UAV technology, for the detection of terrestrial weeds (woody 
weeds and cacti). Although similar principles and processes are in place, there is the added 
need to determine how to search large spaces effectively. We are currently looking at how 
techniques in Gaussian Processes can be used to effectively predict where the weed is 
growing based on spatial correlations estimated given the current classifi cation of known 
areas. This will help with developing effi cient search patterns. 
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ERADICATION OF HUDSON PEAR IDENTIFIED AT MUNDUBBERA – 
OR JUST LUCK! 

 C.O. LoveA and  J. SippelB
A Dow AgroSciences Australia Ltd and Private Landholder, 

PO Box 1843, Milton Qld 4064
B Biosecurity Queensland, Department of Primary Industries and Fisheries, 

PO Box 42, Murgon Qld 4605

ABSTRACT

In July 2005, a sample of ‘thorny’ prickly pear from the family property at Benham’s Road, 
Mundubbera was personally taken to the Queensland Herbarium, Mt Coot-tha, Toowong, 
for correct identifi cation. Staff at the Herbarium was unsure what the species was so the 
samples were to be grown out in the glasshouse to determine if a fl ower would form and an 
accurate identifi cation could be determined.

From July 2005 up until December 2007, the property owner was so concerned about the 
‘thorny’ prickly pear that any plants that were observed were treated with neat Tordon™ 
Timber Control herbicide, as this was the only woody weed herbicide on the property. 
Control was excellent; however, follow-up inspection of initial infestations has seen new 
germinations emerge.

Media attention regarding the Hudson pear outbreak in the North Burnett was reported on 
an ABC Rural radio report on 27 February 2008 – Deadly Cactus found in the Burnett, in an 
interview with Jodie Sippel, Land Protection Offi cer, Biosecurity Queensland. 

This paper reports on the sequence of events that has lead to the possible eradication 
of Hudson pear from this North Burnett property – weed awareness, vigilance, survey 
work, GPS mapping and follow-up work. Five years of drought has helped with initial 
control.

Keywords: Hudson pear, survey, containment, extirpation.

INTRODUCTION

Hudson pear (Cylindropuntia rosea) is an invasive cactus species of Mexican origin that has 
naturalised in a variety of habitats in north-western NSW. It seriously degrades invaded land 
and ecosystems and is continuing to spread.

Hudson pear was fi rst detected in Australia in the Lightning Ridge area during the late 
1960s. It is believed to have spread from a cactus nursery at Grawin. Some reports state 
that this process was aided by opal miners who deliberately used the plants to protect their 
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diggings from nocturnal prowlers and thieves but these are unable to be verifi ed (Holtkamp 
2006).

Hudson pear is declared a Class 4 noxious weed throughout NSW. Its growth and spread 
must be controlled according to the measures specifi ed in a management plan published by 
the local control authority and the plant must not be sold, propagated or knowingly distributed 
(Osmond 2007). In Queensland, Hudson pear is a Class 1 declared plant. A Class 1 pest is 
not commonly present in Queensland and, if introduced, would cause an adverse economic, 
environmental or social impact. Class 1 pests established in Queensland are subject to 
eradication from the state. Landowners must take reasonable steps to keep land free of 
Class 1 pests (DPI&F 2008).

Description

Hudson pear is a branched cactus which grows to 1.5 m high and to 3 m wide, with a 
cylindrical trunk and rope-like segments (Figure 1). The segments are cylindrical with those 
above the trunk reaching 90 cm long and 4 cm wide (Holtkamp 2006). 

Depressions on segments (areoles) contain small bristles (glochids) and clusters of 4–8 
spines. The spines may reach up to 3.5 cm in length on the outer segments. The outer 
layer of the spines separates into a paper-like, detachable sheath during the fi rst year of 
development, a characteristic that Hudson pear shares with other Cylindropuntia species 
(Holtkamp 2006). 

At the Mundubbera location, no fl owers have been observed on any plant specimen so any 
spread of the plant has occurred via spread of the segments. The initial seedling/growth 
stage has very small spines and looks nothing like older plants which have the very large 
spines that can infl ict very painful injuries. 

HUDSON PEAR IN QUEENSLAND

In July 2005, a sample of ‘thorny’ prickly pear from the property at Benham’s Road, 
Mundubbera was taken to the Queensland Herbarium, Mt Coot-tha, Toowong, for correct 
identifi cation. Staff at the Herbarium was unsure what the species was so the samples 
were to be grown out in the glasshouse to determine if a fl ower would form and an accurate 
identifi cation could be determined.

From July 2005 up until December 2007 any Hudson pear plants that were observed were 
treated with neat Tordon™ Timber Control herbicide. Control was effective; however, follow-
up inspection has seen new germinations emerge near to the original plant.

Initial discussions between the landholder, John Pieters and Jodie Sippel commenced in 
December 2007 following the possibility of Hudson Pear being present on the property, as 
indicated by the herbarium record submitted in July 2005. Discussions and property visits 
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commenced at the end of December 2007, and continued leading up to the media release 
in February 2008.

The urgency in following up on the Hudson pear herbarium record was increased in December 
2007, as some Cylindropuntia species had been upgraded to Class 1 status in Queensland. 
Jodie Sippel and John Pieters briefl y visited the suspected property in December 2007 to 
confi rm the presence of a ‘cactus’ on the property. John Pieters again visited the property in 
January 2008 where areas of suspected Hudson pear that had been treated were observed. 
Jodie Sippel then took a live pear sample from the property in February 2008, in the presence 
of the landowner, and submitted it to the herbarium to reconfi rm that it was in fact C. rosea.

Media attention regarding the Hudson pear outbreak in the North Burnett was reported on 
an ABC Rural radio report on 27 February 2008 in an interview with Jodie Sippel, Land 
Protection Offi cer, with Biosecurity Queensland. The ABC report announced ‘Deadly Cactus 
found in the Burnett’. Biosecurity Queensland ensured the media release did not divulge 
the property owner’s name or where the pear was located, however, the properties owners 
heard the report and were somewhat shaken by the news, but accepted that work was 
required to remove the Hudson pear.

Known specimens of Hudson pear at Lightning Ridge, Grawin and Glen Garry, NSW and 
Menzies, WA are well established and were introduced to the area as ornamentals (Hosking 
2004). The Hudson pear infestation located at Mundubbera is suspected to have originated 
from a plant specimen located in the garden around the home, which was planted at least 
35 years ago. This initial specimen was originally acquired at a tennis get-together during 
the early 1950s in the Mundubbera area. 

Communication and awareness

A Google search shows how a ‘thorny’ issue can be used as a media headline to grab the 
public’s attention and at the same time make the general public more aware of Hudson pear. 
Some examples were:

• 27 February 2008. ‘Vicious Hudson pear cactus invades Qld’. Source: Courier Mail: 
• 10 March 2008. ‘Watch out for weeds’ (Cochane 2008). Source: Emerald Shire 

Council – Media release.

Survey work

Over a three day period in May 2008, a survey team, coordinated by Biosecurity Queensland, 
checked every square metre of the suspected paddock (approximately 4 ha) where Hudson 
pear had been initially located by the property owner. All initial plants found from 2005 to 
2007 were located under or close to barb wire fences within close proximity of the house. 
However, during the survey, further infestations were located within the main paddock close 
to the house. When a plant was located, the location was recorded on MapInfo and the 
plant treated with a mixture of Access™ Herbicide + diesel at 1:60 via a pump-up knapsack 
sprayer. Chemical was applied to the whole plant and a small area around the plant. 
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On some occasions, small ‘satellite’ plants, as big as your thumbnail, were located near the 
established plant, which makes fi nding all potential plants near impossible. 

Once the suspect paddock was surveyed, further areas away from the initial infestation 
area were inspected. No new infestations were located other the original known isolated 
infestations, which was good news.

Follow-up

As stated by Panetta (2008), the three criteria for assessing progress towards eradication are 
delimitation (determination of the full extent of a weed incursion), containment (prevention of 
spread from known infestations) and extirpation (local extinction of the incursion).

In NSW, eradication is unlikely to succeed as plants will grow from any segment missed 
during the spraying process and segments are easily overlooked in scrub country where 
this cactus is found (Hosking 2007). At Mundubbera, no fl owering of Hudson pear has been 
observed and the property owner has revisited known sites to check for regrowth and new 
outbreaks of Hudson pear following the initial survey that was conducted. 

The fi rst follow-up control survey was conducted by Biosecurity Queensland and North 
Burnett Regional Council staff on 3 September 2008, with no new infestations found. On this 
occasion, any live and previously treated plants that were found, were physically removed 
and disposed of. However, in February 2009, one new incursion was found away from the 
main area and a follow-up survey was planned for 20 March 2009 to check areas within the 
vicinity of this last incursion plus a re-check of the original area. 

Overall, it will be at least ten years before ‘extirpation’ can be claimed, even if no further 
incursions are found.
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PROGRESS ON THE BIOLOGICAL CONTROL OF INVASIVE 
SUBTROPICAL AQUATIC WEEDS

 Shon Schooler
CSIRO Entomology, Long Pocket Laboratories, Indooroopilly Qld 4068

ABSTRACT

Invasive aquatic plants have diverse social, economic, and environmental impacts and 
high costs of control. Traditional physical and chemical control methods are problematic in 
these systems because physical disturbance often increases the spread of aquatic weeds 
and herbicide use is restricted in and around water, particularly potable water supplies. 
Biological control has proven safe and effective for the management of many invasive 
riparian and aquatic plants. This paper discusses the current research on the biological 
control of cabomba (Cabomba caroliniana) and alligator weed (Alternanthera philoxeroides). 
The origin of Australian populations of these weeds has been determined by surveys 
conducted throughout these areas. Potential biological control agents have been identifi ed 
and prioritised. We have completed host specifi city testing on three insects for alligator 
weed, but all three could complete their life cycle on native Alternanthera species, and are 
therefore not safe for release in Australia. We are currently examining the host range of 
a weevil (Hydrotimetes natans) on cabomba and a beetle (Systena nitentula) on alligator 
weed.

Keywords: alien plants; aquatic weeds; introduced plants; landscape management; 
wetlands.

INTRODUCTION

Challenges in controlling invasive aquatic and riparian weeds

We have many tools for managing weed populations including; physical removal, chemical 
application, biological control, and cultural practices. Some weeds are effectively controlled 
through mechanical damage or herbicide application. However, most invasive weeds are 
diffi cult to control using any single method and integrating multiple methods may be necessary 
to achieve the desired level of control (Paynter and Flanagan 2004). Populations of invasive 
aquatic weeds are particularly challenging to manage because; (1) aquatic plants often 
spread by asexual reproduction (plant fragments) and mechanically damaging the plant will 
not kill the plant, and may even increase its rate of spread, (2) the use of herbicides is greatly 
restricted in aquatic habitats, particularly near potable water supplies. 

Biological control is often the last recourse for management of weeds that are causing large 
negative impacts and can’t be controlled through other methods (Myers and Bazely 2003). 
The ecological theory behind the mechanism of weed biological control is that when species 
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move into new environments they are often introduced without the specialised herbivores 
that are present in their native range (Keane and Crawley 2002). The absence of damage 
from these herbivores gives the introduced plant a competitive advantage over native plants 
that are being damaged by their natural complement of native herbivores. This competitive 
advantage allows the introduced plants to form dense stands and displace native plants. 
Biological control re-introduces these natural enemies to their host plants in the new range. 
Biological control programs are initially expensive, but are often the only effective means of 
providing safe and sustained control of aquatic weed infestations (see Walton (2005) for a 
history of weed biological control in Queensland). 

Cabomba

Cabomba (Cabomba caroliniana), or water fanwort, is a fast-growing submerged aquatic 
weed that has the potential to spread throughout the aquatic habitats of Australia (Mackey 
and Swarbrick 1997). Originating from South America and SE USA (Orgaard 1991), it is also 
considered a problem weed in the northern United States, Canada, Greece, Japan, and 
China. It grows well in slow-moving water bodies, particularly where nutrient concentrations 
are high. Cabomba prefers areas of permanent standing water less than 3 m in depth, 
however it can grow at depths to 5 m (Schooler and Julien 2006). The weed is easily 
recognised by its opposing pairs of fi nely dissected underwater leaves that are feathery or 
fan-like in appearance. The small white fl owers extend above the water’s surface, making 
weed infestations more visible during the summer months. Reproduction is almost entirely 
vegetative and any small fragments that include the leaf nodes can grow into a new plant. 

Currently, there is little that can be done to control cabomba once it is established (Anderson 
and Diatloff 1999). Herbicides are largely ineffective and herbicide use is severely restricted 
in or around public water supplies. Some managers are using fl oating mechanical harvesters 
to remove cabomba, but these machines are expensive to purchase and operate and are 
restricted to areas of deep water and wide channels. In addition, they only remove the tops 
of the plants and the remaining stems soon grow back to the surface. Shade is an effective 
strategy for reducing cabomba biomass (Schooler 2008), however, experiments have found 
that it is not a feasible method of eradicating cabomba, even from small dams (Moran and 
Schooler unpublished data). It is likely that the only method that will be effective in managing 
cabomba is biological control. In 2003, CSIRO Entomology began a project to discover 
and test biological control agents from cabomba’s native range in an effort to fi nd a long-
term sustainable solution to this problem (Schooler et al. 2006, Schooler and Julien 2008). 
Several potential biological control agents have been identifi ed in the native range (Schooler 
et al. 2009). Currently testing for the host specifi city of the weevil, Hydrotimetes natans, is 
occurring at CSIRO quarantine facilities in Brisbane.

Alligator weed

Alligator weed (Alternanthera philoxeroides) is an invasive plant that originates from South 
America and is currently spreading in many countries throughout the world including the 
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United States, China, India, Thailand, Burma, New Zealand, and Australia (Julien et al. 
1995). It is primarily associated with aquatic habitats, but can spread into moist terrestrial 
environments. Alligator weed is a perennial plant that does not produce viable seeds in 
its introduced range and reproduces and spreads by adventitious rooting, primarily from 
stem nodes (Julien et al. 1992). Although herbicides destroy leaves and shoots, they do not 
cause direct mortality of roots (Tucker 1994, Schooler et al. 2007). Physical control methods 
often increase the spread of the plant. Experimental trials have found that the use of dicot 
selective herbicides (i.e. metsulfuron methyl), serve to increase the competitive ability of 
grass species and this results in a greater decrease in above and below ground alligator 
weed biomass (Schooler et al. 2008). However, even six treatments repeated over a two-
year period (three per year) were not suffi cient to eliminate alligator weed from the study 
plots. 

The diffi culty of controlling the abundance and spread of alligator weed instigated a program 
to investigate the potential for biological control methods. The alligator weed fl ea beetle, 
Agasicles hygrophila (Coleoptera: Chrysomelidae), has been successful in controlling the 
aquatic form of alligator weed in the warm temperate climates of Australia. However the beetle 
has been unsuccessful in controlling the terrestrial form and does not control the weed in 
cooler temperate climates (Julien et al. 1995, Julien and Bourne 1988). CSIRO Entomology 
is currently studying the prospects for safe and effective biological control of alligator weed 
in terrestrial habitats and cool temperate climates. We have conducted surveys in the native 
range and have assembled a prioritised list of nine potential biological control agents. We 
have tested the host range of three of these insects (Amynothrips andersonii, Disonycha 
argentinensis and Clinodiplosis althernantherae), however, they were able to complete their 
life-cycle on one or more native Alternanthera plant species, so are not considered safe for 
release in Australia (Schooler and Julien 2008). We are currently testing the fourth insect, 
the beetle Systena nitentula, in our Brisbane quarantine.

CONCLUSIONS

Invasive aquatic weeds can negatively affect our economy, environment, and quality of life. 
Physical damage and herbicide application are rarely effective in managing invasive aquatic 
weeds due to concerns of polluting water supplies, re-treatment frequency, and increasing 
weed spread. Although biological control has proven to be a safe and effective management 
method, it is initially expensive and there is no guarantee of fi nding a safe and effective agent. 
In addition, a single agent may not provide the desired level of control across the distribution 
of the weed. However, it is also the only self-sustaining method of controlling aquatic weeds, 
as evidenced by its large benefi t to cost ratio of 27:1, thus turning an investment of $5.1 
million to a benefi t of $76.5 million as of 2005 (data from salvinia, water hyacinth, and water 
lettuce) (Page and Lacey 2006). Therefore, biological control is a key element in the long-
term and sustained control of aquatic weeds.
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PARTHENIUM WEED – CURRENT MANAGEMENT AND THE HEALTH 
EFFECTS OF THE PLANT ON THE COMMUNITY

 Diane GoldsworthyA and  Peter AustinB
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Rockhampton Qld 4702

B Department of Primary Industries and Fisheries, Biosecurity Queensland, PO Box 668, 
Mackay Qld 4740

ABSTRACT

Parthenium weed (Parthenium hysterophorus L.) is an annual herb that aggressively 
colonises disturbed or degraded areas with serious outcomes for grazing and cropping 
industries. Once established the weed makes large areas of land unusable with substantial 
costs to the community through reduced production and increased management expenditure. 
Parthenium was introduced accidentally from North America through imported grains and 
has become a Weed of National Signifi cance (WoNS) in Australia. 

Parthenium is widespread in Central Queensland where land management problems and 
social, economic and occupational health implications are a concern for those living in the 
region. Parthenium has also been shown to have serious consequences for humans with 
allergy symptoms of contact dermatitis, nasal rhinitis, and exacerbation of asthma in atopic 
individuals. Allergic reactions to parthenium can also signifi cantly affect health, social and 
family relationships. Economic diffi culties may occur because of costs involved in treatment 
of allergy symptoms and earning capabilities can be affected due to an inability to work 
because of allergy symptoms. 

This paper presents an update of the management programs; best management practices 
used for the control and containment of parthenium and presents fi ndings from a study 
investigating the physical, psycho-social and economical effects for agricultural and industrial 
communities, living in close proximity to parthenium. 

The fi ndings showed an association between allergy symptoms, treatment costs, time off 
work, health related quality of life and contact with parthenium. In testing, the point prevalence 
rate for parthenium sensitisation was 37%, considerably higher than would normally be 
expected in the general population. In light of these fi ndings anticipated climate change and 
without suitable management options, parthenium will continue to spread across large areas 
of Australia, presenting a serious agricultural and health threat to communities.

Keywords: parthenium, management, practices, health, allergy symptoms.
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INTRODUCTION

Parthenium (Parthenium hysterophorus L.) an annual herb, has a deep penetrating taproot 
and erect stem that becomes woody with age. In Queensland parthenium germinates in 
spring and early summer but with good rainfall and warm temperatures can germinate and 
grow at any time of the year. Parthenium is a prolifi c seed producer a fully grown plant 
producing more than 15,000 seeds (Haseler 1976). Seeds remain in the soil for reasonably 
long periods with nearly 50% of the seed bank viable up to six years (Navie et al. 1998a). 
Regarded as a weed of global signifi cance (Adkins et al. 2005), parthenium is now present 
in Bangladesh, India, Pakistan, areas of the Pacifi c islands and several African countries 
including Ethiopia, Kenya and South Africa. Parthenium was introduced to Queensland in 
the mid 1950s and is a Weed of National Signifi cance (WoNS) in Australia with more than 
170,000 km2 of infestation occurring in Queensland (Dhileepan 2009).

MANAGEMENT 

Parthenium is a serious problem in grazing areas particularly perennial grasslands in 
central Queensland where it can dominate pastures under continued heavy grazing. The 
plant also has impacted in grain producing areas where it has potential to threaten exports 
by contaminating grain and other produce. Parthenium has the ability to grow in a wide 
range of areas (disturbed lands, degraded pastures, crops, forests and roadsides) across 
a wide range of habitats. Its’ persistent seed bank and allelopathic properties making 
management of this weed more diffi cult (Dhileepan 2009). No single management option 
is adequate to control parthenium across all habitats, hence there is a need to integrate 
various management strategies such as grazing and pasture management, chemical control 
combined with biological control as the main weapons for its management. A number of key 
initiatives undertaken have contributed signifi cantly towards maintaining effective parthenium 
management across Northern Australia. These actions support national parthenium weed 
strategic goals of Preventing the Spread, Awareness and Commitment, Reducing the Impact 
and Coordinated Management. 

Preventing the spread

National coordinated action is preventing the further spread of parthenium to the Northern 
Territory and New South Wales where there is a constant risk of invasion. NSW State 
Government continues to support parthenium management through grain harvester and 
roadside inspections and signifi cant contributions from the Queensland Government, Regional 
NRM organisations, Local Governments and Landholders is helping with containment and 
prevention of parthenium spread in Queensland. The construction and upgrading of wash-
down facilities at various locations and the continuation of roadside spraying in strategic areas 
provides national benefi ts. Local Governments continue to support the breeding and distribution 
of biological control agents for example, summer rust (Puccinia melampodii). Analysis of 
biological control programs for parthenium has revealed a positive return on investment from 
research of between $13.90 and $24.40 for every dollar invested (AEC 2006). 
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Awareness and commitment

National parthenium weed education and awareness initiatives have created highly 
successful collaborative partnerships with State and Territory agencies. The development of 
‘parthenium weed infomercials’ highlighting identifi cation and reporting mechanisms with over 
750 adverts screened across major TV networks in Victoria, New South Wales, Queensland 
and the Northern Territory. This form of advertising represents a 2:1 cost benefi t value and 
targets a wider audience. In 2008 the production of over 35,000 printed awareness products 
and over 10,000 copies of the parthenium ‘best practice’ management manual have been 
distributed to key NRM stakeholders across Northern Australia. 

Reducing impact

The present challenges for parthenium remain with early detection, reporting and the ability 
to resource sustained control efforts including monitoring and prevention of further spread 
to clean (parthenium free) areas. A ‘rapid response’ project is underway in the Queensland 
Murray Darling Basin area involving Queensland local governments with the aim of developing 
a resource capability for early detection, reporting and control of new parthenium outbreaks 
within southern Queensland. 

RESEARCH

Research remains an integral component in the management of parthenium. It has long 
been recognised that parthenium has allergenic properties, contact with the plant resulting in 
symptoms of bovine fever with ulcers of the mouth and digestive tract in cattle (Mahadevappa 
1997). Parthenium is also highly allergenic for humans with evidence to indicate sensitisation 
may not need direct contact with the plant, but can be activated by airborne plant fragments 
although the exact mechanism is unknown (Sharma et al. 2007). Once sensitisation occurs 
and allergy symptoms develop, the condition is irreversible. Yet, despite being widespread 
in central Queensland the combined physical, psycho-social and economical effects of 
parthenium have not been investigated in Australia. 

In central Queensland, residents reported allergy symptoms attributed to contact with 
parthenium. In addition people with established allergies stated contact with parthenium 
exacerbated allergy symptoms. Clinical testing returned a parthenium sensitisation rate of 
37% (77) in 207 test participants; almost twice the 10–20% rate predicted by McFadyen 
(1995). Gender differences were factors in the development of parthenium sensitivity but 
age, years of residence in the area and exposure to the plant or gender per se, were not. 
Atopic participants three times more likely to become sensitised to parthenium (OR = 3.38, 
p = 0.012, CI 95% = 1.38–8.88) than non-atopic participants. Females reporting contact 
with parthenium at home were nearly four times more likely to return a positive skin-prick 
test to parthenium (OR = 3.64, p = 0.10, CI = 1.36–9.76). Female parthenium sensitisation 
was 43% compared with 30% of males suggesting females were more at risk. Males 
reported symptoms of wheezing and asthma; females reported hay fever, eye irritation and 
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conjunctivitis. Risk factors for developing parthenium sensitisation differed for males and 
females. Males in their third and fourth decades were at nine times greater risk of becoming 
sensitised to parthenium (OR = 9.31, p = 0.34, CI 95% = 1.19–72.88) than other age groups. 
Further, males working outdoors even when not directly exposed to the plant, had a nine 
times higher risk of sensitisation than indoor workers (OR = 9.34, p = 0.006, CI 95% = 
1.89–46.17). This has implications for occupational health and management practices since 
male outside workers could potentially develop allergic reactions to parthenium putting jobs 
and health at risk. Risk factors for female sensitivity were allergic hypersensitivity (OR = 
3.76, p = 0.05, CI 95% = 1.00–14.13), contact with parthenium at work (OR = 5.06, p = 
0.021, CI 95% = 1.27–20.13) and home (OR = 3.63, p = 0.010, CI 95% = 1.36–9.76). 
There are occupational health and safety issues here particularly since females had greater 
exposure to parthenium at home and work. Allergy symptoms can be severe and debilitating 
affecting work effectiveness with projected costs to employee and employer of $5.6 billion in 
lost production (Access 2007). In the Clermont and Moranbah regions, 37% of parthenium 
sensitised workers had over four days absence a week from allergy symptoms. There was 
a signifi cant association between the cost of allergy treatment and time off work; 77% of 
parthenium sensitised residents paying up to $40+ monthly for medication (χ2

5 = 36.501, 
p = <0.001). Over-the counter antihistamines had little effect on parthenium associated 
allergy symptoms with reluctance to use stronger sedating antihistamines because of the 
risk of operating machinery when drowsy and because of the effect on physical and cognitive 
functioning. Many studies identifi ed a relationship between allergy symptoms and reduction 
in the health related quality of life (Do et al. 2004). While parthenium sensitised individuals 
described their health as good to excellent, they showed decreased energy levels and with 
emotional and psychological stress. Males and females differed in health outcomes. Male 
health profi les indicated defi cits in physical and emotional domains; female health defi cits 
were in physical, social and mental health domains. These fi ndings concur with studies 
reporting allergy symptoms causing disturbed sleep, loss of concentration and psychological 
distress (Baiardini et al. 2006). 

There are consequences for the work environment where impaired health and cognitive 
processes caused by allergy symptoms may result in unsafe practice, accident and 
injury in the workplace. It is unclear why males and females differed in their determinant 
factors for initiating parthenium sensitivity; what if any, was the contributory effect of other 
allergies or what triggered the sensitisation process. Nevertheless, the gender differences 
in parthenium sensitisation and allergy profi les suggest the combined effects of individual 
physical characteristics and physiological reactions in response to a changing environment, 
may initiate a sensitisation process to parthenium rather than sensitisation resulting from a 
reaction to parthenium as an allergenic irritant.

CONCLUSION

With anticipated climate change modelling there is potential for further spread of parthenium, 
presenting a serious agricultural and health threat to communities across Australia. The 
challenge remains for all stakeholders (at all levels) to maintain an active approach towards 
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the management of parthenium. Continued cooperation, commitment, research and 
coordination across jurisdictions remains the key to achieving containment and preventing 
spread on a national basis, including addressing health problems for those communities 
where parthenium is established and health education for communities where parthenium 
is a threat. 
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THE RESPONSE OF WILD OATS TO CLIMATE CHANGE

 Chris O’Donnell and  Steve Adkins
School of Land, Crop and Food Sciences, The University of Queensland, 

Brisbane Qld 4072

ABSTRACT

Climate change is an important issue for Australia’s agricultural sector. It is probable that 
there will be changes in the incidence and abundance of pests, diseases and weeds as a 
consequence of changing climatic means. Competitive interactions between weeds could 
also be affected by different physiological responses to the CO2 fertilisation effect which has 
been reported to enhance plant growth by as much as 30–40% for C3 species at doubled 
current CO2 concentrations (Kimball 1983, Cure and Acock 1986, Gifford 1988). Wild oats 
(Avena fatua L.) is a serious annual weed of Australia’s grain regions and responds with 
increased fi tness in terms of better growth and higher seed production as the atmospheric 
CO2 concentration increases.

INTRODUCTION 

Chemical analyses of Antarctic and Greenland ice cores have revealed that the pre-industrial 
atmospheric concentration of CO2 was 280 ppmv, 77 ppmv less than current concentrations 
(Neftel et al. 1985, Pearman et al. 1986). Direct monitoring of CO2 concentrations at Mauna 
Loa, Hawaii, since 1958 by Keeling et al. (1989) indicates that atmospheric CO2 concentrations 
have risen from 315 ppmv in 1958 to 367 ppmv in 1999 with a concomitant rise in the rate 
of increase from 0.6 ppmv in 1958 to 1.8 ppmv per year in 1990 (Houghton et al. 1990, 
IPCC 2001). Human activities, most notably combustion of fossil fuels and deforestation, are 
causing these increases in emissions. 

Climate modelling studies indicate that an equilibrium doubling of CO2 is likely to cause 
global mean surface temperatures to increase by 1.5°C to 4.5°C (Houghton et al. 1990). 
These studies also indicate that there will be changes in precipitation patterns as well as 
changes in the frequency and intensity of extreme rainfall events (Houghton et al. 1990). A 
changing climate will have important consequences for Australia’s agricultural sector which 
already experiences high year-to-year fl uctuations in yields as a consequence of highly 
variable weather patterns. It is probable that there will be changes in the incidence and 
abundance of pests, diseases and weeds as a consequence of changing climatic means. 
Competitive interactions between weeds could also be affected by different physiological 
responses to the CO2 fertilisation effect which has been reported to enhance plant growth 
by as much as 30–40% for C3 species at doubled current CO2 concentrations (Kimball 1983, 
Cure and Acock 1986, Gifford 1988). 
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The aim of the present study was to examine the response of six biotypes of wild oat (Avena 
fatua L.) to two of the main climate change variables: CO2 fertilisation and soil moisture 
defi cit.

MATERIALS AND METHODS

Caryopses form six Australian near-isogenic lines spanning 12° of latitude (Table 1) were 
germinated and three seedlings were transplanted into 20 cm diameter plastic pots containing 
University of California potting mix. The pots were then placed into two identical controlled 
environment growth chambers (Conviron model PGW36, FSE Scientifi c Ltd, Brisbane). 
Light intensity was adjusted to 506 μmol m−2 s−1 at mean canopy height and the temperature 
was set at 20 ± 1°C (day) and 16 ± 1°C (night) with a 12 hour square-wave photoperiod and 
relative humidity of 70–90%. One growth chamber was enriched with food-grade CO2 (Air 
Liquide, Brisbane) to 480 ppmv. The ambient growth chamber had a CO2 concentration of 357 
ppmv. Supply of CO2 was monitored and controlled using an ADC2000 CO2 monitor (ANRI 
Instruments and Controls P/L, Victoria) in conjunction with a solenoid valve. This experiment 
was conducted twice. The experiment was then conducted twice using a temperature regime 
of 23 ± 1°C (day) and 19 ± 1°C (night). Three different soil moisture regimes were also used; 
fi eld capacity (−0.01 MPa), mild stress (−0.1 MPa) and severe stress (−1.00 MPa). The soil 
moisture regimes were applied to the wild oat plants after day 20. Times to anthesis and 
maturity were recorded and plant height was measured from the soil surface in the pot to the 
tip of the tallest panicle. Primary and secondary seed were harvested as they matured and 
placed into storage at −20°C until required for germination tests. Plants were then harvested 
and separated into root, shoot and leaf fractions then placed into drying ovens to obtain dry 
weights.

Table 1. Australian near-isogenic lines of wild oat used in this 
study.

Wild oat line State Abbreviation Latitude

Springsure Qld Sp 24° 08′ S

Toowoomba Qld Tb 27° 32′ S

Narrabri NSW Nb 30° 19′ S

Wellington NSW Wt 32° 35′ S

Wickepin WA Wn 32° 47′ S

Rutherglen Vic Rg 36° 05′ S
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RESULTS

Plant weights

Plant dry weights were increased by an average of 45% for the elevated CO2 treatment; but 
there was considerable variability with the response ranging from a 32% to an 87% increase. 
Soil moisture stress reduced plant dry weights but the elevated CO2 treatment had smaller 
relative reductions compared to the control group grown under ambient CO2 (Figure 1).

Seed characters

Plants grown under elevated CO2 produced 45% more seed than those grown under ambient 
CO2 conditions (Figure 2). Soil moisture stress signifi cantly reduced seed production at both 
20/16°C and 23/19°C.

Figure 1 (left). Plant dry weights for wild oat plants grown at ambient (357 ppmv) CO2 and 
elevated CO2 and at three soil moisture levels (−0.01, −0.10 and −1.00 MPa). 

Figure 2 (right). Seed production for wild oat plants at 357 ppmv and 480 ppmv CO2.

Phenology

At the 20/16°C temperature regime the vegetative, reproductive and maturation phases 
were initiated earlier in the elevated CO2 plants than those grown under ambient CO2 with 
elevated CO2 plants attaining physiological maturity approximately seven days earlier than 
the plants grown under ambient CO2 conditions. This trend wasn’t evident for the experiment 
conducted at 23/19°C where both treatments had the same maturation times except Sp and 
Tb where the ambient CO2 plants matured faster (Figure 3). Water stress did not signifi cantly 
reduce the time to maturity in any line for either CO2 treatment.
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Figure 3. Maturation times for wild oat plants grown under ambient (357 ppmv) CO2 and 
elevated (480 ppmv) CO2 conditions and at two temperature regimes (20/16°C, 23/19°C).

DISCUSSION

The six wild oat lines responded signifi cantly with increases in plant dry-weights and seed 
production when grown under elevated CO2. The elevated CO2 concentration used in these 
experiments was 480 ppmv which was approximately a 30% increase over then-current 
ambient levels (357 ppmv CO2). It has generally been reported that for a doubling of CO2 
(i.e., increased to 700 ppmv) that C3 plants respond with a 30–40% increase in dry-weight, 
yet wild oats in this experiment responded with up to an 87% increase in dry-weight at a 
much lower CO2 concentration. Wild oats seem to attain full growth benefi ts from increasing 
atmospheric CO2 concentrations and the response and such responses could be non-
linear. A lot of the growth response was due to enhanced canopy development and this was 
accompanied by higher water use for the elevated CO2 plants even though individual plants 
in the elevated CO2 treatments had higher water-use effi ciencies. Seed production was 
also increased for the wild oat plants grown at 480 ppmv CO2. Wild oats are annual plants 
and the seed is the basic unit of the population. Higher seed numbers will translate into 
increased fi tness for these populations. Earlier maturation rates were seen for elevated CO2 
plants in the 20/16°C experiment. Faster maturation rates need to be considered relative to 
any crop plant that wild oat is competing with. If wild oats mature at a much faster rate than 
the crop then more seed would be deposited to the soil seed bank while slower maturation 
rates would mean more seed would be removed with the crop when it is harvested.
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GRAZING LAND MANAGEMENT WORKSHOPS – A PATHWAY TO 
ENGAGING GRAZIERS

 Caroline SandralA and  Col PatonB

Biosecurity Queensland, Department of Primary Industries and Fisheries
Department of Employment, Economic Development and Innovation 

A PO Box 668, Mackay Qld 4740
B PO Box 308, Roma Qld 4455

ABSTRACT

Grazing Land Management (GLM) workshops have been a successful tool in engaging 
graziers to tackle weed management. Weeds are a symptom of poor land condition and 
information is presented to demonstrate the impact of declining land condition on the 
productivity of grazing lands. 

Keywords: grazing, weed, land condition, animal production. 

INTRODUCTION

Meat and Livestock Australia’s Edgenetwork Grazing Land Management (GLM) workshops 
have been customised for 17 regions within Northern Australia. The objective of these 
workshops has been to transfer knowledge to producers and vice versa on a range of topics 
relating to improving sustainability and production of grazing lands in northern Australia. 
Managing weeds is one area that is discussed. Graziers who have been involved with these 
workshops are integrating weed management as part of their whole grazing operation. 

This paper will explore how Meat and Livestock Australia (MLA)’s Edgenetwork GLM 
workshops are providing one pathway for graziers to see the relevance of weed control on 
their properties for better production outcomes.

METHODS

The GLM course consists of a series of interactive sessions, conducted over three days in a 
workshop format, where participating graziers begin to develop a plan, based on ecological 
principles, for managing their grazing lands. A follow-up day is provided.

The aim of the course is to contribute to improved management of the grazing lands of 
Northern Australia, through the application of appropriate management strategies.

The course builds on the participating graziers’ understanding of their properties and the 
way they manage them. Throughout the course, participants are given detailed explanations 
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of principles and concepts that apply to the grazing lands of northern Australia. Where 
possible, local examples from research or on-property demonstrations are used to illustrate 
the relevance and practical application of these principles and concepts to their properties. 
The skills and knowledge they bring to the course are valuable; their input is called on often 
throughout the workshop during debates, discussions and demonstrations.

The workshop has been designed to cater for the information needs of graziers in Northern 
Australia. The fi rst workshop module develops the participants’ understanding of the grazing 
ecosystem, exploring the components of grazing lands and how they interact: climate, 
pastures, soils, fi re and graziers; and the ecosystem processes that function in grazing 
lands, viz. energy fl ow and nutrient and water cycles. 

Participants then look at the tools available to manage land condition, to improve the level 
and evenness of use and to enhance diet quality. These tools are:

• Managing grazing;
• Using fi re;
• Managing tree-grass balance;
• Using sown pastures; and
• Managing weeds.

Finally, graziers look at how to put it all together in a grazing land management plan for their 
property. 

In the Managing Weeds module the focus is on the following sub-themes:
1. Why is weed management important?
 • Weeds of importance to grazing lands;
 • Environmental weeds;
 • Local weeds of signifi cance; and
 • Ecology of weeds: how they invade and spread.
2. How can weed management improve land condition?
3.  What is the best way to manage weeds?
 • Principles of weed management;
 • Weed control methods;
 • The need for follow up management; and
 • Risks associated with weed control.
4. How do I develop a weed management plan?
 • The seven-step approach; and
 • Points to remember.
5. How do I assess the fi nancial implications of weed management?

A scenario case study is used to illustrate the impact weeds can have on the production side 
of a property. Economic data are included to discuss how much weeds are costing production. 
A process for developing and prioritising weed management is emphasised using the case 
study and participants begin the development of their own weed management plan.
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Participants are shown the life cycle of an important weed in their region and how to devise 
a management plan focusing on the weak points of its life cycle and avoiding its strengths.

Land condition plays an important role in demonstrating the impact weeds have on grazing 
properties. The ABCD Land Condition framework is a generic system for land condition 
assessment used in GLM workshops. Land Condition is defi ned as ‘the capacity of land to 
respond to rain and produce useful forage’ (Quirk and McIvor 2002). The ABCD framework 
classes all pastoral land in one of four categories, from A (good) to D (very poor). 

Graziers produce a GLM plan which recognises weed management as part of the whole 
plan.

DISCUSSION

Graziers are encouraged to implement sustainable practices following attendance at a 
GLM workshop through a process of peer review. This is facilitated by graziers developing 
strategies for their own properties which they commit to implementing between the workshop 
and a follow up day in four to six months after the workshop. Participants and facilitators 
meet on one or two of the participant’s properties, review learnings from the workshop and 
review progress with implementing their grazing land management plans. The focus of these 
plans is to consider all components of grazing including weed management. 

Weed management will not be successful unless there is consideration of overall grazing 
practices. Long-term weed management will only be successful if grazing practices are 
changed to ensure land condition is kept at its optimum. This is clearly highlighted with 
parthenium weed as an example. A combination of wet season spelling, stocking to long 
term carrying capacity and fencing to land types has been demonstrated to be successful in 
controlling this weed. It has resulted in improved land condition with an increase of perennial, 
palatable and productive pasture species (or ‘3P’ grasses), which in turn improves animal 
production through increasing carrying capacity as pasture productivity increases. Good 
pasture condition and high ground cover are paramount to combating weeds such as 
parthenium and these only exist with good grazing management. 

Use of economic case studies has been a real impetus for change. The GLM workshops 
demonstrate that a paddock in poor condition and with a high presence of weeds can reduce 
carrying capacity. If a paddock is in ‘C’ condition with few 3P grasses, pasture growth is 
reduced to forty-fi ve percent of land in A condition. This has a proportionate effect on carrying 
capacity. Figure 1 demonstrates this. 

There are numerous examples of how graziers have integrated weed management as part 
of their whole grazing land management plan. One participant used forage budgets and 
fencing into smaller paddocks to assist with a rotational grazing system that he employed in 
conjunction with extensive aerial spraying of parkinsonia (Parkinsonia aculeata). 
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The post-GLM workshop project of another participant was to develop a strategic weed 
management plan for African lovegrass, a diffi cult grass to control in grazed pastures. He 
has since implemented this plan and is gradually gaining control of the weed.

CONCLUSION

GLM is one way to encourage graziers to control weeds. The incentive is better land condition, 
and thus, better production outcomes. The workshops are also an opportunity to discuss the 
latest research into weeds and best ways for managing them.

GLM workshops provide one pathway to managing weeds as part of property planning. It provides 
a clear pathway to managing weeds with a detailed plan that is integrated with a whole of grazing 
land management approach. This plan would also satisfy Local Government requirements for 
declared weeds and is integrated with other grazing land management practices.
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Figure 1. Effect of land condition on pasture growth.
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POSITIVE PRACTICE CHANGE THROUGH PARTICIPATORY ACTION 
LEARNING

 Michael WidderickA,  Vikki OstenB and  Steve WalkerA

A Primary Industries and Fisheries, Leslie Research Centre, PO Box 2282, 
Toowoomba Qld 4350
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ABSTRACT

Participatory action learning (PAL) is an extension approach that has been used successfully 
in both the agricultural and environmental sectors to address important land holder issues. 
Importantly, PAL relies on active participation from the learners to develop practice change. 
This paper outlines the use of PAL in teaching farmers about herbicide resistance in grain 
cropping systems. PAL was used to provide participants with a clear understanding of 
herbicide resistance and to create awareness on how integrated weed management (IWM) 
can decrease resistance risk and improve weed management. Thirteen workshops were run 
with 131 farmers and consisted of a balance of presentations, questioning, demonstration, 
discussion and activities to ensure information transfer and interaction. Each participant 
played an active role in the workshop which enabled them to apply learned principles to their 
real-life situation. The workshops were highly successful. At their conclusion participants 
were able to accurately identify previous misconceptions about resistance, understand the 
concepts of IWM, and were able to apply the principles to their property for better weed 
control. The extension approach of PAL can be adapted and used to achieve learning 
outcomes in all areas of weed management. This PAL workshop is currently being adapted 
for farmers in cotton growing systems and will include an on-line pre-workshop assessment 
to allow facilitators to modify workshops for different audiences.

Keywords: learning, participatory action, workshop.

INTRODUCTION

Information and technology transfer is important for improved weed management in any 
system or environment. Adoption of these changes is even more vital. New information and 
technology are often disseminated via printed media, through theoretical presentations and 
via the web. Many of these approaches are useful in getting information into the market 
place, but do not promote practice change. Participatory Action Learning (PAL) is a creative 
and interactive approach to learning that enables shared knowledge and experiences, and 
provides the participant with the tools required for improved decision-making. The old adage 
‘Give a man a fi sh and feed him for a day. Teach a man to fi sh and feed him for a lifetime’ 
certainly holds true for PAL. PAL promotes practice changes.
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APPROACH

PAL workshops with growers were held throughout the northern grain region. The workshops 
were designed to provide participants with a clear understanding of herbicide resistance 
(HR) and create awareness on how Integrated Weed Management (IWM) can decrease HR 
risk and improve weed management.

Each workshop followed a framework that was developed in consultation with extension 
specialists in DPI&F. The specifi c content of each workshop was designed to provide 
regionally relevant information and was pitched according to the group’s knowledge and 
experience with HR.

Each workshop participant was provided with a workbook so that they were able to refl ect 
upon the workshop in their own time. This manual was promoted and used throughout the 
workshop with participants able to keep their own notes.

WORKSHOP FRAMEWORK

Introduction
• General introduction: outline workshop topics, introduce presenters.
• Ice breaker: activity (1) Drum labels.
• Participants’ expectations written down and discussed.

Session 1. ‘Awareness of the issue and addressing misconceptions’.
• Ask participants some basic questions re the issue and place answers on 

butchers’ paper.
• Presentation (1) science of the issue with scenario questioning throughout 

presentation to ensure participants fully understand.
• Group activity (2) Baseball.
• Group activity (3) Standing dots. 
• Revisit questions and get group to identify misconceptions.

Session 2. ‘How to prevent the issue for key high risk target weeds’.
• Presentation (2) principles of Integrated Weed Management (IWM).
• Presentation (3) using regionally specifi c research data.
• Group activity (4) Bowling balls.
• Presentation (4) using regionally specifi c research data with brainstorming 

session using butchers’ paper.
• Group activity (5) Rotational planner.

Wrapping up
• Nomination by participants of their practice changes. 
• Recap of day and evaluation survey.
• Revisit expectations.
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GROUP ACTIVITIES

A major facet of PAL workshops is the hands-on activities, which were designed to improve the 
likelihood of information retention and also to break-up the workshop. During the workshop, 
the following hands-on activities were used.

1. Drum labels – herbicide mode of action labelling

A series of familiar herbicide labels were reproduced, but the mode of action (MOA) group 
was covered. Farmers were asked whether they knew from which MOA the herbicide came. 
Discussion stemmed from this in regard to the importance of MOAs in HR prevention and 
management. If time permitted, this activity was rerun later in the workshop to reinforce this 
important issue – growers were asked to place herbicide labels under the appropriate MOA 
group heading.

2. Baseball – resistance mechanisms

Using a baseball, glove and bat, we demonstrated the principles behind HR and MOAs. 
This visual demonstration helped participants to understand processes which occur at the 
cellular level within the weed. The glove represented the target site within the plant, the balls 
represented the herbicide molecules and the bat represented enzymes/processes within 
the plant. This activity was performed by the workshop facilitators and was used to reinforce 
concepts raised in the HR presentation. The activity promoted further group discussion.

3. Standing dot – selection pressure

This activity was used to demonstrate the concepts of selection pressure and control of 
survivors to stop seed production. Participants were asked to stand up, representing a weed 
in a paddock. Each participant was given a certain colour sticker at the start of the workshop 
which represented their resistance/susceptibility status. A facilitator then mimicked a spray 
treatment over the ‘weeds’ and depending upon the status of the ‘weed’ participants would 
either sit down or remain standing. This activity promoted good discussion and helped 
participants to understand some diffi cult but very important concepts.

4. Bowling – controlling weeds

This activity used plastic bottles, either fi lled with water or empty, to represent different weed 
situations, and balls of different sizes to represent different weed management treatments. 
The plastic bottles were set up to represent weeds in a given scenario of regional relevance. 
The workshop participants were then asked what possible management options could be 
used to control the weeds. Once an option was decided upon, a volunteer bowled a ball down 
to the bottles to see which ones were bowled over. The group then discussed what might 
have happened and what could be done to control any remaining weeds. Throughout the 
activity, the principles of HR and IWM were reinforced. This activity was thoroughly enjoyed 
by participants, but it also made them think through the weed management decisions which 
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have to be made. For many farmers, this may have been the fi rst time they had considered 
HR and IWM in making weed management decisions.

5. Rotational planner – putting IWM into practice

This activity was designed to get participants to apply the principles of HR and IWM to their 
own paddocks. This was the last activity and helped to make the concepts raised throughout 
the workshop more real. Participants were asked to pick one paddock from their property 
where they had a major weed problem. Using a worksheet from their workbook, they were 
asked to:

• Identify their weed management over the past three years;
• Identify one change they could make together with the positives and negatives of this 

change;
• Identify several more changes they could have made (including non-chemical tactics) 

as well as the positives/negatives of these changes.

A few growers were selected to present their IWM scenarios to the group.

WORKSHOP OUTCOMES

Currently we have conducted 13 workshops with a total of 131 participants.

At the start of the workshop, participants were asked to brainstorm about the following three 
questions:

1. What is herbicide resistance?
2. How does HR become a problem?
3. How can HR be prevented and/or managed?

These questions were revisited at the conclusion of the PAL workshop and any incorrect 
ideas were identifi ed. This was a good opportunity for the workshop facilitators to gauge 
whether the groups understanding about resistance had improved. 

One of our successes was that all participants were able to accurately identify the previous 
misconceptions following the workshop.

At the conclusion of each workshop, participants were asked to complete an evaluation form 
on the workshop. Overall, the participants rated the workshops very highly (average rating 
4.4 on a rating scale of 1 to 5, 5 being excellent). 

On average, 84% of participants responded that they will make some change in their weed 
management practices as a result of this workshop. 
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CONCLUSIONS AND FUTURE

PAL is an effective approach for information and technology transfer. The principles used in 
this paper can be applied to any area of weed management in any system. Important points 
we identifi ed for a successful PAL workshop are:

• Have a clear goal for the workshop;
• Plan ahead and have a trial run of the workshop with feedback from an expert 

group;
• Ensure the content of the workshop is locally applicable;
• Make the workshop interactive by thinking outside of the box and having fun with 

interactive and educational activities;
• Allow plenty of time for experience sharing amongst participants;
• Relate learnings to personal situations, thereby making the experience more 

meaningful; and 
• Evaluate the success of the day and also the longer term impact of the day.

Currently, we are packaging the material into a series of modules, and expanding the workshop 
to include other farming systems such as cotton. We are also developing a trainers’ guide, 
so that we can train new facilitators to run more PAL workshops. The facilitator will be able 
to select the appropriate material from the module for individual workshops. 

In addition, we are developing an on-line tool for potential participants to assess their risk for 
herbicide resistance. This will create an interest for growers to attend a workshop, as well 
as give the facilitator a better understanding of the level of knowledge of the participants, so 
that the workshop can be tailored better to fi t the needs of the group.
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POSTER PRESENTATIONS

CONVERTING FIELD RECORDS TO CHARTS SUMMARISING 
PROGRESS OF WEED ERADICATION PROGRAMS

 Simon Brooks
Biosecurity Queensland, Department of Employment, Economic Development and 

Innovation, PO Box 187, Charters Towers Qld 4820

ABSTRACT

This paper will look at the practicalities of developing weed eradication progress reports 
from fi eld data, using published and unpublished examples from current programs. Such 
information is useful for assessing the progress of any long term weed control program or in 
planning and reviewing eradication programs.

Keywords: eradication, Siam weed, weeds, monitoring, reporting. 

INTRODUCTION

Weed eradication programs typically take many years to detect all infestations, the extent 
of each infestation and to exhaust the weed seed bank within each infestation. During this 
time program managers will be asked to demonstrate progress towards the eradication 
goal. Information such as the discovery of infested areas over time and operational fi eld 
records can be used to inform decision makers. Several processes have been developed 
to convert records of fi eld visits to multiple weed infestations into summaries of progress 
towards eradication. Current Queensland examples are used to show every 6 or 12 months 
the number of infestations being actively controlled, monitored or eradicated. The process 
and assumptions used to allocate control, monitoring or eradicated status to infestations for 
reporting against published extirpation criteria are also explained. Where infestations have 
recently been discovered, trends in the numbers of plants or occurrence of reproductive 
plants also provide indications of progress or lack thereof.

DATA EXAMPLES

Phases

Where plants are identifi ed during any year infestations are allocated to an active control 
phase; the absence of plants for a year or more puts infestations in the monitoring phase. After 
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a period in the monitoring phase infestations may enter either a provisionally or permanently 
eradicated phase. The occurrence of plants during the monitoring or eradicated phase will 
set an infestation back into the control phase. The processing and presentation of data in 
each phase and assumptions behind these are presented below.

Control phase

For reporting progress of a single or small number of infestations in the control phase, 
population changes and the prevention of seed production are the most meaningful indicators. 
Local weather events, the removal of mature plants or broad scale treatments such as 
fi re can bring fl ushes of germination and cause spikes in population charts. Though such 
fl ushes may require additional control resources they are useful as they serve to deplete the 
seed bank, providing follow-up treatments prevent germinants from reaching reproductive 
maturity. Variation in the intensity of measuring plant numbers can also lead to changes 
in population counts over time; ideally long term programs should aim to use consistent 
methods to capture similar magnitudes of plant counts ±10% or note where the accuracy of 
counts vary. Where there is dense recruitment, sub-sampling areas or weighing plants may 
reduce the need for intense record keeping. Providing information is collected consistently, 
recording plant density or treated areas can also show declining weed populations over time. 
Unless there is a particular desire to capture accurate population changes over time the key 
indicators can simply be the presence or absence of immature plants and the prevention of 
seed production. 

Monitoring phase across multiple infestations

The eradication of Limnocharis fl ava (L.) Buchenau and Mikania micrantha (Kunth) from 
north Queensland (Brooks et al. 2008) illustrates the application of an extirpation ‘E’ score 
(after Panetta 2007) to multiple infestations in a mix of control and monitoring phases. The 
creation of these charts is based on database information such as that in Table 1; in this 
example no plants had been recorded since May 2004.

Table 1. Example data from M. micrantha database.

Id code Date at site Infested area 
(m2)

Density of site Plant number

MMH09 11/05/2004 100 Low 10

MMH09 20/12/2005 0 Nil 0

MMH09 8/06/2006 0 Nil 0

MMH09 15/09/2006 0 Nil 0
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The data in Table 1 is used to build up a spreadsheet where the number of years in monitoring 
is entered for each infestation. In Table 2 a zero is entered where plants were present during 
the previous six months; once plants are absent for two*six month periods a one is entered 
for the fi rst period of monitoring. The monitoring period then accrues for each year where no 
plants are found. The allocation should be at a frequency greater than the infestation revisit 
rate; in this case six monthly allocations can be incorporated into end of calendar or fi nancial 
year reports.

Table 2. Example of six monthly allocations to years in monitoring phase.

ID code Jun-
03

Dec-
03

Jun-
04

Dec-
04

Jun-
05

Dec-
05

Jun-
06

Dec-
06

Jun-
07

Dec-
07

Jun-
08

MMC01 4 5 5 6 6 7 7 8 8 9 9

MMM01 0 0 0 0 0 0 0 0 1 1 2

MMH09 0 0 0 0 0 1 1 2 2 3 3

All the infestation information is then summarised in Table 3, which indicates the number of 
14 M. micrantha infestations in each monitoring category every six months. The sum row in 
Table 3 is the sum of the number in each category multiplied by the monitoring years; this 
row is averaged to determine the extirpation or ‘E’ score (Panetta 2007). 

The data in Table 3 can be used to create three charts of eradication progress (these will be 
shown on the poster) that have been used in annual reporting of progress towards eradication 
for L. fl ava and M. micrantha. The fi rst chart is a ‘last detection histogram’ which plots the last 
column against the fi rst and creates a monitoring profi le at a given time. The second chart 
plots the discovery and total number of infestations allocated to control (0 year), monitoring 
(1–5 years) or long term monitoring (5+ years) since the fi rst discovery. The third chart plots 
the E score since the fi rst discovery. The decline in the E score in June 2008 was due to 
plants discovered at two infestations that had been in monitoring categories. 

Siam weed

While the process in Tables 2–4 works well for 10 to 20 infestations, the application of similar 
principles to 400 Chromolaena odorata L. (Siam weed) infestations required minor alternations 
to produce the comparable reporting charts. The Siam weed database had 8300 plant density 
records (including nil) for over 4000 site codes dating back to 1997. The site codes were 
aggregated into 400 infestation codes by applying a 200 m buffer rule to consistently defi ne 
an infestation. Where site buffers overlapped, a single infestation code was applied and 
all density records for each infestation were summarised for presence or absence in each 
calendar year since 1997. Where one record indicated plant presence, the entire infestation 
was put in a control phase for that year (a zero in the status row Table 4). A year with all nil 
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Table 3. Sample of summary of years in monitoring.

Years of 
monitoringA

Jun-
03

Dec-
03

Jun-
04

Dec-
04

Jun-
05

Dec-
05

Jun-
06

Dec-
06

Jun-
07

Dec-
07

Jun-
08

0 (control) 10 10 11 11 11 9 9 10 8 6 6

1 1 0 0 0 0 2 2 0 2 4 3

2 0 1 1 0 0 0 0 2 2 0 2

3 0 0 0 1 1 0 0 0 0 2 2

4 1 0 0 0 0 1 1 0 0 0 0

5 0 1 1 0 0 0 0 1 1 0 0

6 0 0 0 1 1 0 0 0 0 1 0

7 0 0 0 0 0 1 1 0 0 0 0

Total sites 12 12 13 13 13 13 13 14 14 14 14

Sum 5 7 7 9 9 13 13 17 19 25 22

Average ‘E’ 0.42 0.58 0.54 0.69 0.69 1.00 1.00 1.21 1.36 1.79 1.57

A Data to year 9 not shown.

Table 4. Sample allocation of monitoring years to Siam weed database from presence 
and nil density records.

ID Code Density 2001 2002 2003 2004 2005 2006 2007

TUR102 nil 1 1 1 1

TUR102 present

TUR102 status 1 2 3 4 5 6 7

TUR22 nil 4 7 7 5

TUR22 present 2 3 1 3 1

TUR22 status 0 0 1 0 0 0 0

records was given a one (fi rst year plant absence) in the status row. Once in a monitoring 
category infestations continued to accrue monitoring years though nil records, unless plants 
are recorded, in which case the status relapses to zero (control). If records are unavailable 
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for a given year the previous year’s status was carried over. This covers situations such as 
missing data, monitoring by other operators or where the program deploys resources to new 
active infestations. A large proportion of unreported infestations run the risk of a mass relapse 
once infestations are visited and a decline in all measures of eradication progress. The status 
rows in Table 4 can then be summarised and presented in the same manner as the data in 
Table 3.

SUMMARY

The processes above use fi eld data to provide evidence that programs are controlling and 
monitoring infestations towards eradication. Field records can also help with two of the big 
eradication questions, as discussed below.

Do we know where it all is? (Delimitation)

It is important to implement control measures quickly at newly discovered infestations though 
programs can focus on the ‘known’ infestations with less consideration of the potential for 
any undiscovered infestations. Trends in the number or cumulative area of infestations can 
increase confi dence as to the extent of the incursion (Brooks et al. 2008) providing there 
is also evidence of active and/or passive detection effort (Panetta and Brooks 2008). A 
relationship between newly discovered areas and search areas can also provide evidence 
of delimitation for entire incursions (Panetta and Lawes 2005) or single infestations (Brooks 
et al. in press).

How long to monitor?

Eradication program managers have to make decisions about the length of the monitoring 
phase and when infestations can be considered eradicated. The control phase represents the 
period where viable seed manifests as seedlings. Seed may still be present in the monitoring 
phase so it is essential to continue thorough surveys and document plant absence during this 
phase. Field records can help inform monitoring decisions by providing information such as 
the length of the control phase at other infestations, the population of mature plants and the 
last record of mature plants. A tool using presence/absence records to declare eradication 
was recently proposed by Rout et al. (2009). With some caution program managers have 
decided that after fi ve years of monitoring under conditions conducive to germination 
infestations could be placed provisionally eradicated categories. Seed persistence may be 
unknown or may vary under local conditions, so where there is doubt about seed longevity 
then occasional surveys of provisionally eradicated infestations would be prudent.
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MANAGING WEED HYGIENE TO PROTECT THE SHOALWATER BAY 
MILITARY TRAINING AREA 

 Tennille Danvers
 Defence Support Central Queensland, 68 Western Street, Rockhampton Qld 4700

ABSTRACT

This poster aims to provide readers with a overview of controls currently in place to reduce 
the likelihood of new weed infestations being introduced into Shoalwater Bay Training Area 
(SWBTA) by vehicle and personnel movement.

It also provides an overview of the vehicle hygiene nationally accredited course which can 
be provided by Greening Australia to people requiring such a certifi cation. 

Keywords: vehicle and equipment wash down procedures, vehicle and equipment wash 
down declaration, accredited wash down course.
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COORDINATED CONTROL OF PARTHENIUM WEED IN THE 
MARANOA-BALONNE CATCHMENT

 Lavinnia Fiedler and  Darren Marshall
Queensland Murray-Darling Committee, PO Box 6243, Toowoomba Qld 4350

ABSTRACT

Parthenium weed (Parthenium hysterophorus) causes signifi cant economic, environmental 
and social problems across the Queensland Murray-Darling Basin, with a prominent 
infestation situated in the Maranoa-Balonne catchment. Parthenium weed is regarded as a 
priority for control due to its invasive potential, costs to cropping and grazing production and 
serious health implications to stock and humans.

Parthenium weed was introduced into central Queensland 40 years ago in a shipment 
of grass seed from the United States of America. Since its initial introduction parthenium 
weed has advanced from isolated outbreaks to an established core infestation in the central 
highlands spanning north of Mitchell and west of Injune.

The Queensland Murray-Darling Committee (QMDC) supports and encourages a coordinated 
integrated approach to natural resource management, and aligns projects within the four 
fundamental pillars of Planning, Education, Regulation and Incentive. 

This paper will discuss the progress on various parthenium projects being initiated by QMDC, 
they can be grouped under three categories: 

1. Prevention – such as our rapid response program targeting eradication of new and 
emerging parthenium infestations and the implementation of public and private wash 
down facilities throughout our catchment, aiming to slow the spread of parthenium 
weed heading south; 

2. Control – QMDC has a number of on ground control projects in conjunction with local 
governments and landholders; 

3. Management – support towards future regional planning to achieve a more consistent 
coordinated approach at a larger scale and research and development projects 
looking into long term management solutions.

Our various project partners include Department of Primary Industries and Fisheries, 
Biosecurity Queensland, University of Queensland, Injune Parthenium Action Group, Local 
Councils and many landholders.
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BEST MANAGEMENT PRACTICE

 Tony Frisby,  Frank Mills and  Leanne Simpson
Queensland Parks and Wildlife, 1683 Byfi eld Road, Yeppoon Qld 4703

ABSTRACT

Queensland Parks and Wildlife (QPW) present a case study describing the impact of 
specifi c herbicides and concentrations on Mossman River grass (MRG) Cenchrus echinatus 
in relation to native vegetation and recreation values in a highly signifi cant natural area. 
This trail was aimed at providing a systematic approach to treating an ever increasing, 
problematic weed throughout coastal Queensland. 

The main objective of the project was to look at a researched approach to the control of a 
target weed species (Cenchrus echinatus) prevalent in disturbed areas and having signifi cant 
impacts on recreational values and natural regeneration. The results are aimed at assisting 
managers in the control of MRG in coastal environments. This project has identifi ed and 
compared the use of different chemicals to control MRG in a highly sensitive and signifi cantly 
natural ecosystem while monitoring the regeneration of native species. 

Numerous informal trials of treatments of MRG have been carried out throughout the 
Capricorn Coast Region cooperatively with QPW (Capricorn Coast Management Unit), local 
government and community groups. These unique relationships have served as a driving 
force for the researched trial of this commonly shared weed species. 

INTRODUCTION 

Byfi eld National Park is located in Central Queensland on the Capricorn Coast. The 
Capricorn Coast Management Unit have developed an outstanding relationship with local 
government and other community groups looking at the management of high priority areas 
of conservation. These unique relationships provide us with the ability to work collaboratively 
across a number of tenures to archive broad scale land management objectives. This 
collaborative approach with weed management has assisted in fi re management, visitor 
management, erosion control and the rehabilitation of remnant vegetation both on park 
estate and in adjacent buffering areas. 

A pest management strategy has been prepared which prioritises the weeds within the 
Byfi eld area by looking at their location, legislative status, potential threat and proposed 
management. QPW has recognised Mossman River grass as an introduced species that 
impacts on both recreational and environmental values.



10th Queensland Weed Symposium
26 – 29 July 2009, Capricorn Resort Yeppoon, Queensland

Poster Presentations    •    163

STANWELL ENERGY PARK WEED MANAGEMENT PROGRAM – 
‘OTHER WEEDS’

 Michelle Hanrahan and  Leanne Scherer
Stanwell Energy Park – Stanwell Corporation Ltd, GPO Box 773, Brisbane Qld 4001

ABSTRACT

The Stanwell Energy Park is a 3800 hectare property which includes a buffer zone surrounding 
the Stanwell Power Station near Rockhampton, Queensland. The Energy Park is made 
up of different zones that include: current industrial, future industrial, buffer zone, nature 
refuge, and other (i.e. former St Joseph’s Conference Centre). The majority of the land was 
previously used for grazing, and to a lesser extent dairying and small-cropping. In June 2004 
a weed management program was introduced to control and reduce parthenium and ‘Other 
Weeds’. The broad category of ‘Other Weeds’ includes bougainvillea, Bathurst burr, castor 
oil bush, Chinee apple, creeping lantana, fountain grass, fl ea tree, Harissia cactus, lantana, 
leucaena, lion’s tail, mesquite, mother of millions, Noogoora burr, parkinsonia, prickly 
acacia, prickly pear, rubber vine, and sisal hemp. The control methods used are mechanical 
methods, such as slashing and clearing, chemical methods i.e. applications of herbicide, 
and the use of fi re as a management tool. The ‘Other Weeds’ poster presentation illustrates 
the labour and herbicide inputs over the course of the weed management program, as well 
as the use of GIS technology to record the geographical areas treated. GIS has been used 
as a management tool to assess the spatial distribution of weeds for the purpose of targeting 
areas of more intense infestation.
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STANWELL ENERGY PARK WEED MANAGEMENT PROGRAM – 
‘PARTHENIUM’

 Kelvin Hockey,  Michelle Hanrahan and  Leanne Scherer
Stanwell Energy Park – Stanwell Corporation Ltd, PO Box 773, Brisbane Qld 4001

ABSTRACT

The Stanwell Energy Park is a 3800 hectare property which includes a buffer zone 
surrounding the Stanwell Power Station near Rockhampton, Queensland. The Energy Park 
is made up of different zones that include: current industrial, future industrial, buffer zone, 
nature refuge, and other (i.e. former St Joseph’s Conference Centre). The majority of the 
land was previously used for grazing, and to a lesser extent dairying and small-cropping. In 
June 2004 a weed management program was introduced to control and reduce the declared 
species parthenium and various other weeds. The control methods used are mechanical 
methods, such as slashing and clearing, chemical methods i.e. applications of herbicide, 
and the use of fi re as a management tool. The ‘Parthenium’ poster presentation illustrates 
the labour and herbicide inputs over the course of the weed management program, as well 
as the use of GIS technology to record the geographical areas treated. GIS has been used 
as a management tool to assess the spatial distribution of weeds for the purpose of targeting 
areas of more intense infestation.
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CONTROL OF PANNICLE JOINTVETCH IN NORTH QUEENSLAND – 
EXPERIENCE TO DATE

 Mark Keating,  Kendrick Cox and  Steven Dayes 
Queensland Department of Primary Industries and Fisheries, 

Walkamin Qld 4872

ABSTRACT 

This paper outlines practical experience of the control of pannicle jointvetch (Aeschynomene 
paniculata) in north Queensland. Pannicle jointvetch is a perennial legume evaluated as a 
potential pasture plant but rejected because of concerns of poor acceptability to livestock. It 
was later nominated as a national ‘Sleeper Weed’. A control program began in 1999 to reduce 
and eliminate small populations at seven sites in north Queensland. Pannicle jointvetch is a 
prolifi c seed producer and seed is long-lived in soil. It has proven extremely persistent and 
can form dense mono-specifi c stands over three to four years from fallen seed. Pannicle 
jointvetch can seed within fi ve months of establishing from seed and is mobile. Plant spread 
from original evaluation areas is greatest where pannicle jointvetch is well-adapted and 
there is low pasture cover. Spread appears limited in regularly frosted areas and rapid in 
humid tropical environments.

Delimitation is crucial for long-term control because this species is not widely naturalised. 
Detection is easiest at three to four months of age when fi rst fl owers appear and leaves are 
a distinctive green/blue. However, this is diffi cult at some sites because of access during 
the critical control period and diffi cult terrain. Grid surveying is effective. GPS location 
allows return treatment of plants over years as seedlings emerge. Pannicle jointvetch is 
effectively killed by selective herbicides applied during active growth or hand-pulling for small 
populations. Collection of seed from missed plants is recommended. Hot fi res encourage 
mass-recruitment of seedlings and are recommended, in combination with herbicide, to 
erode soil-seed banks. Control of stock movement and associated vehicles near infestations 
is recommended to prevent spread in grazing lands.

Keywords: pannicle jointvetch, delimitation, on-ground control, Queensland.

INTRODUCTION

Potential impact of pannicle jointvetch

Pannicle jointvetch (PJV) is an introduced perennial shrub-legume which can grow to two 
metres under optimum growing conditions (Brinkley and Bomford 2002). A native of tropical 
areas of central and southern America, and naturalised in Hawaii (Cunningham and Brown 
2006), PJV is considered to have good potential adaptation to tropical Australia (Brinkley 
and Bomford 2002). PJV was evaluated as a nitrogen-fi xing pasture plant for beef grazing 
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systems in broad pasture plant evaluation programs during the 1980s and 1990s (Cox et al. 
2007, Bishop and Hilder 2005). Evaluation sites were located from near Boonah in southern 
Queensland to Weipa on Cape York Peninsula. A review of the plant’s performance led to a 
decision not to formally release any accessions of PJV (Bishop and Hilder 2005).

PJV has subsequently been assessed as a national ‘Sleeper Weed’, considered to have a 
large economic impact (approximately 41 million dollars per annum) on grazing industries 
across northern Australia should it become widely naturalised (Brinkley and Bomford 2002). 
‘Sleeper Weeds’ are plants of an invasive nature that have naturalised in a region but have 
not yet populated exponentially. This generally means pre-emptive control strategies can be 
successful.

Plant containment and eradication activities

Following concerns about poor palatability and persistence of PJV, a DPI&F/Beef Industry 
program was established to assess old plant evaluation sites and control populations of PJV 
and some other previously evaluated legumes (Bishop 2003, Cox et al. 2007). This program 
is currently in its third phase continuing until 2011. At most sites, initial planted populations 
have been eradicated or contained to small areas (<0.1 ha). Three sites, two located in the 
Mackay region and one near Weipa, require considerable on-going effort. The greatest effort 
is required at the Weipa site where open native pastures and a lack of frost allows ready 
seeding and plant spread, whereas these factors appear to suppress spread near Mackay. 
The rest of this paper will concentrate on experiences at controlling PJV at these sites, which 
are used for beef-grazing and where PJV is well-adapted. Plant populations include dense 
stands to 30 m in diameter to isolated single plants in open pasture or forested country of 
poor access.

The method of control is site-specifi c. In general, control of plants in small or isolated 
populations is by hand-pulling or the use of selective chemicals, whereas selective herbicides 
are used for larger patches of plants (Cox et al. 2007). The timing of visits target detecting and 
killing plants before seeding. Marker dye is used in the chemical mix so spray operators can 
see which plants have been controlled. The seed on any missed or newly detected plants is 
manually collected and later incinerated. After seed collection plants are hand pulled. Care 
is taken to avoid spread of seed on persons or vehicles. Plants are generally detected by 
surveying and controlled by spraying in a grid fashion. Plant populations are GPS-marked. 
Surveys were conducted on a paddock by paddock basis. Points along fence lines were 
marked (GPS) ~100 m apart to defi ne survey lines. Three quad bikes approximately 30 m 
apart rode each survey line, marking and controlling any detected plants. Most paddocks 
took two days to survey. Maps were then produced using GIS software and GPS points used 
for follow-up treatments.

Factors infl uencing plant containment and control

PJV has features which make it diffi cult to control. We have found plants to seed prolifi cally 
within fi ve months of establishment. Plants are also rarely grazed, enabling unchecked seed 
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production. If plants are not controlled, seed in soil rapidly increases. Hardseed dormancy 
means seed can remain viable for many years (we estimate fi ve to ten years through 
observing emergent populations). These features mean that frequent and effective control 
of plants is required over many years. Plants are best controlled just before the onset of 
seed development, when actively growing. Plants are also at a height and colour where 
detection is relatively easy. Repeat visits to specifi c areas are important to ensure missed 
plants are controlled before seeding.

Control of PJV is most diffi cult at Batavia Downs Station where two hectares was originally 
sown in a grazing trial (Bishop 2003). Plants have dispersed up to fi ve kilometres away from 
the original planted site resulting in a large control area. However the slow, but sometimes 
sporadic, spread of PJV indicates that containment is feasible provided plants are detected 
and killed. At present, the evaluation site (after clearing trees) is boom-sprayed every 
season and three quad bike-spray units are employed for plant control outside this area. 
Grid-spraying before seeding, as described above, is seen to be the most effective and 
effi cient method to control plants.

We have found site characteristics to strongly infl uence control of PJV. Terrain, climate and 
soil type have a huge infl uence on the vegetation present, which can effect the location 
of plants making total eradication harder and more costly (Cacho et al. 2006). The varied 
and complex vegetation (treed native grasslands) and terrain (often gullied) at Batavia 
Downs, combined with large paddocks, has hampered eradication efforts. This has been 
exacerbated by spread associated with human (vehicles) and animal (stock and macropod) 
activity.

In our experience, seasonal rainfall and temperature patterns of monsoonal north Queensland 
are well-suited to PJV growth and spread. At Batavia Downs, for example, the climate 
features reliable summer rainfall and a marked winter dry-season. Under these conditions 
PJV can establish and set viable seed before the dry season. PJV is well adapted to dry 
tropical winters when it drops leaves and remains dormant. Plants that missed treatment 
rapidly resumed growth following the fi rst signifi cant rainfall event and fl ower one to two 
months earlier than those establishing from seed. At Batavia Downs, road closures during 
the wet season (January–March) present problems of access during the optimum time for 
treatment. The remoteness of this site also limits treatment times because of the time spent 
travelling.

Chemical control of plants in large populations seems the best option for large and scattered 
populations. We have found triclopyr/picloram products most effective when applied with a 
wetter and dye marker. Best control occurred when applied to vigorously-growing plants, 
approximately six to ten weeks after a rainfall event suffi cient for germination. Control when 
plants are mature is less effective, particularly in the dry season when growth slows and 
leaves drop. Strategic use of fi re in the dry season, followed by careful treatment of plants 
the following wet season, is a useful tool for long-term control of large PJV populations. 
This method breaks seed dormancy and promotes mass-germination following suffi cient 
spring or summer rainfall. Germination of over 500 plants/m2 was measured following fi re, 
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noticeably higher than in nearby unburnt country. In addition to enabling the control of large 
populations of plants, fi re enhances detection by removing grasses.

Quarantine is considered extremely important for limiting seed spread as vehicles in particular 
and stock can be key vectors for seed spread. Simple measures are effective, such as 
ensuring vehicles are washed down if they have been through infested areas. An important 
strategy we have used is to ensure all roads and fi re-breaks in infected areas are treated 
as a priority. Cattle movement in infested areas should be restricted and stock should be 
quarantined to allow removal of seed from the gut (5–7 days) before moving to uninfested 
areas.

Factors infl uencing detection

Detection of new plant patches and return to these for follow-up treatment (over years if 
seeded) is critical for long-term control of PJV. This can be diffi cult for PJV as this species 
has proven mobile compared to other legumes targeted for eradication and there is a brief 
opportunity to detect plants in grassy landscapes before plants produce mature seed (Cox 
2006).

In our experience, movement of plants to new areas is infl uenced mostly by vehicles whereas 
movement within areas can also be infl uenced by stock and movement of fallen seed in 
rainfall events. Many plants are found along roadways and fence-lines. Once in a new area, 
PJV seems to move relatively slowly perhaps due to its low palatability to stock and wildlife. 
We have noticed infrequent damage to plant tips and occasional seedlings emerging in 
ruminant dung. Kangaroos have been seen camping in and under mono-specifi c stands of 
PJV but there is no evidence to suggest that spread is occurring by this means. Based on 
our experience, initial surveys are best conducted along fence-lines, cattle pads and camps 
and along water courses.

The value of undertaking additional searches cannot be understated. At large sites we 
have found search and control areas have grown considerably as new detections occurred; 
resulting in more time spent searching for new patches, whereas the effort at small sites 
has remained low. At the Batavia Downs site, for example, it was only when full surveys 
of infested and neighbouring areas were completed (funded) that a full picture of plant 
distribution was available. 

Overall, we feel the grid-survey and transect approach to surveying was effective at defi ning 
the spread of PJV around original plant sites. At most sites, the surveying for useful maps 
could be undertaken over one to two days because the total survey area was usually less 
than 100 ha. The diffi culty arose at the Weipa site where isolated patches were found up 
to fi ve kilometres away from the original plant area. Here, thousands of hectares had to be 
surveyed and the process took three to four weeks per year for three years to complete. 
Although this provides a very useful guide of plant distribution for planning control efforts, the 
maps will not be as accurate as those undertaken for the smaller areas. Timing of surveying 
was extremely important and undertaking surveys at optimal times was not always possible. 
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Surveys were best conducted when plants were at their easiest to detect. For PJV this is 
at early fl owering when the plants appear to be a teal-blue colour, often with bright yellow 
fl owers. This makes them obvious in an environment often dominated by grasses. Detection 
is diffi cult in dry conditions as plants drop their leaves and the stems are diffi cult to separate 
from hayed-off grasses and other companion plants. Dormancy is another consideration as 
surveys one year could show nothing and the next there could be plants present. Potentially 
infested country should be revisited in following seasons.

The use of GPS for locating plants and mapping is considered crucial. Large search and 
control areas at sites such as Batavia Downs provide problems in relocating previous 
detection points for treating emerging plants in following seasons. We found GPS-location 
of patches extremely useful on a paddock scale (to 1000 ha), particularly when infestations 
were relatively few and widely dispersed. However, in smaller (<300 ha) paddocks with 
many points it was often more time-effi cient to grid-treat the entire paddock.

Conclusions

1.  PJV is a persistent and potentially highly mobile weed, well-adapted to coastal areas 
of north Queensland. Seeding events occur readily and seed is long-lived in soil. 
Accordingly, there are mid- to long-term implications for missing plants within a 
control program and containment of this species requires long-term commitment and 
funding.

2.  Effective methods have been developed to control PJV plants, but the opportunity to 
control plants can be limited by the short period between establishment or second-
year growth and the production of mature seed. For large populations, priority should 
be placed on controlling outliers, and then plants in core areas. All plants in small 
sites should be controlled. Strategic use of fi re can accelerate control of plants. Stock 
and vehicle movement in contaminated areas should be restricted.

3.  Delimitation surveys completed to date are considered to have been broadly effective 
for detecting new occurrences of PJV and have proven critical in planning control 
efforts for PJV. However, there is a relatively brief opportunity to detect plants under 
north Queensland growing conditions and detection can be diffi cult in grasslands, 
particularly in large paddocks and in forested areas. There is considerable value in 
continuing surveying around plant evaluation sites.
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MANAGING A WEED OF NATIONAL SIGNIFICANCE – 
RECOMMENDATIONS FOR HYMENACHNE IN CENTRAL QUEENSLAND 

 Susan Kinnear and  John Rofl e
CQUniversity Australia, Building 32, Bruce Highway, North Rockhampton Qld 4702 

ABSTRACT

Recently, CQUniversity completed a triple-bottom line study examining hymenachne 
infestations in central Queensland, with a focus on herbicidal spraying as a control mechanism. 
The research showed that glyphosate-based spraying was an ecologically acceptable 
option and that is was likely to be the control method of choice for many infestation types. 
However, a number of economic and social issues also affect hymenachne management 
in central Queensland. Both the scientifi c (biological) and socio-economic fi ndings of this 
work will be presented elsewhere in the Symposium program. This poster will present the 
arising management recommendations for hymenachne at two different levels. Firstly, it 
will describe the core components that should be embedded in a regionally-based weed 
strategy: particularly those designed to maximise landholder and stakeholder participation 
in control regimes. Secondly, it will present ideas for strategic investment in weed control 
and management and the attendant implications for state and Federal government 
policymakers. 

Hymenachne is a Weed of National Signifi cance (WoNS) covering three states of Australia; 
it also represents one of several species that have been identifi ed as ‘weeds of potential 
commercial value’. Thus, the ideas displayed in this poster are likely to be transferable to 
other regions, other WoNS and other commercially important weeds. 
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TOOLS FOR AWARENESS, ENGAGEMENT AND ACTION

 Kelly Matthews,  Dorean Erhart and  Iain Jamieson
Brisbane City Council, Brisbane Square, Level 7, 266 George Street, Brisbane Qld 4000 

ABSTRACT

Brisbane City Council is the most biodiverse capital city in Australia and weeds are the 
second greatest threat to that biodiversity. To protect this biodiversity, Council spends more 
than $2.5 million each year on weed management in our natural areas, parks and waterways. 
Eighty fi ve percent of environmental weeds in Brisbane are garden escapees. Therefore, our 
residents and gardening community are critical stakeholders. Council developed the Wipe 
Out Weeds program, an holistic program for the delivery of effective weed management 
across the City. It has pulled together prioritisation of issues with key principles and strategic 
approaches to improve on ground outcomes. This includes the development of innovative 
tools that provide practical assistance in the recognition and control of a large number of 
State and Council declared weed species.

The following tools direct people to the next logical step: 
1. Firstly, the poster is designed to raise community awareness to the presence of 

weeds in gardens and neighbourhoods. It provides information on Brisbane’s most 
signifi cant environmental and garden weeds. 

2. The online weed identifi cation tool assists with the identifi cation of weeds through 
plant characteristics such as fl ower colour, life form, leaf arrangement and method of 
reproduction. Residents can also acquire advice, post photos of unknown plants and 
discuss weed management through the discussion forum. 

3. Once the plant is identifi ed the seven weed control method videos and fact sheets 
illustrate how to treat weeds. This tool assists with each step of the weed treatment 
process. 

4. The treatment calendar aims to empower residents by identifying the optimum period 
to control species. 

5. And fi nally, the fi eld guide helps to prevent new species from establishing. The guide 
is specifi cally designed for the identifi cation of serious new and emerging weed 
species in Brisbane. Assessment of effectiveness of each tool in raising community 
awareness and reducing the impact of weeds on Brisbane’s biodiversity will be 
evaluated through an ongoing monitoring program. 
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BIOLOGICAL CONTROL OF CAT’S CLAW CREEPER – MASS REARING 
FIELD RELEASE OF LEAF-TYING MOTH (HYPOCOSMIA PYROCHROMA) 

AND LEAF-SUCKING TINGID (CARVALHOTINGIS VISENDA)

 Jayd McCarthy,  Mariano Treviño,  Matthew Shortus,  Dianne B.J. Taylor and  K. Dhileepan 
 Department of Primary Industries and Fisheries, PO Box 36, Sherwood Qld 4032 

ABSTRACT

Cat’s claw creeper (Macfadyena unguis-cati) is native from Mexico through Central America 
to tropical South America. In Australia it is an invasive vine affecting catchment and riparian 
areas. It has become a major environmental weed in coastal and sub-coastal areas of 
Queensland and New South Wales. It is a Class 3 weed under the Land Protection (Pest 
and Stock Route Management) Act 2002. Cat’s claw creeper produces copious amounts 
of seeds that are widely spread by wind and water. The plant also reproduces vegetatively 
very effi ciently through an extensive system of roots and tubers. Due to the sensitivity of the 
ecosystems where cat’s claw creeper occurs, chemical control options are often not used. 
Treatment is also compromised by the long term regeneration potential of the tubers, which 
are diffi cult to access and kill. The most desirable long-term viable management option for 
the control of cat’s claw creeper is biocontrol.

The cat’s claw creeper biocontrol program at Alan Fletcher Research Station was initiated 
in 2002 in collaboration with the Plant Protection Research Institute in South Africa. Two 
biological control agents are currently mass reared and fi eld released from Alan Fletcher 
Research Station. These are the leaf-sucking tingid (Carvalhotingis visenda), imported in 
2004 and the leaf-tying moth (Hypocosmia pyrochroma) which was imported in 2005. The 
leaf-sucking tingid damages cat’s claw creeper by sucking out and feeding on the contents 
of the leaf cells causing chlorosis. The larval stages of the leaf-tying moth damage cat’s 
claw creeper by feeding on leaves and leaf tying activity. The leaf damage caused by both 
agents ultimately leads to reduced plant vigour and subterranean tuber production. After 
extensive host testing agents were found to be highly host specifi c and both were released 
from quarantine in 2007. A program of scientifi c releases involving strategic release and 
monitoring is operated form AFRS. Mass rearing methods are also shared with schools, 
community groups, local governments and land holders to encourage widespread dispersal 
and establishment of the agents. 
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USING REMOTE SENSING TO MAP THE INVASIVE WEEDS PRICKLY 
ACACIA (ACACIA NILOTICA), RUBBER VINE (CRYPTOSTEGIA 

GRANDIFLORA) AND CACTI

 Jasmine MuirA,  Kerry SpellerA and  Bronwyn KellyB 

A Department of Natural Resources and Water, Climate Building, 80 Meiers Road, 
Indooroopilly Qld 4068

B The University of Queensland, Brisbane Qld 4072

ABSTRACT

Invasive weed species cause serious environmental and economic problems in Australia. 
Quantitative information on the current distribution of pest species is essential to target 
areas for containment and eradication. Remote sensing provides a means of monitoring 
large areas on a repeat basis, and has been successful both in Australia and overseas in 
detecting invasive plants. 

This project uses a combination of high and moderate resolution satellite imagery (Quickbird 
0.6 m and Landsat 25 m ground resolution) to detect the Weeds of National Signifi cance 
(WoNS) prickly acacia (Acacia nilotica), rubber vine (Cryptostegia grandifl ora) and three 
invasive cacti species of emerging threat (snake cacti, devils rope cacti and coral cacti). 
The extent of these weed species is being mapped by using a unique spectral refl ectance 
signature to separate each target weed species from the surrounding landscape features. 
Satellite images, obtained in mid to late 2008 (July–October) and mid 2007, are being used 
to map the target species. 

Initial results show good separation of prickly acacia, from surrounding features and results 
have been used to produce a map of prickly acacia extent across its range in the Mitchell 
Grass Downs, Queensland. Rubber vine areas were also detected, although there is some 
confusion with other vegetation, due to rubber vine and other plant species being present at 
the same location and similarities in the refl ectance values of these classes. Cacti could not 
be separated from other vegetation, however a decrease in cover associated with eradication 
efforts between 1997 and 2007 was detected by using two Landsat images from these years. 
Future fi eld work will provide a quantitative measure of mapping accuracy and be used to 
refi ne the classifi cation of target species. Outputs from the project will be used to inform 
management prioritisation, and detect areas where control efforts have been successful.
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FRUIT AND SEED PRODUCTION OF KOSTER’S CURSE 
(CLIDEMIA HIRTA) IN AUSTRALIA

 Katie Patane and  Stephen Setter
Department of Primary Industries and Fisheries, PO Box 20, South Johnstone Qld 4859 

ABSTRACT

Koster’s curse (Clidemia hirta (L.) D.Don) is a declared Class 1 weed under the Land 
Protection (Pest and Stock Route Management) Act 2002 and is the target of an eradication 
program managed by Biosecurity Queensland. C. hirta is a highly invasive perennial shrub 
which has the potential to become a major weed in northern Queensland and other tropical 
regions of Australia. 

A pot trial was conducted under controlled conditions in the Wet Tropics Region to quantify 
the amount of fruit and seed produced by C. hirta. C. hirta plants attained reproductive 
maturity (initial fruiting) after 365 days. These plants were then found to be capable 
of producing on average 284 fruits/plant (SD = 195, n = 18) during the fi rst six months of 
maturity and an average of 967 fruits/plant (SD = 215, n = 10) during the fi rst 12 months of 
reproductive maturity. The average number of seeds produced per fruit was 801 (SD = 204, 
n = 50), ranging between 300 and 1200 seeds/fruit. Each individual mature plant was able to 
produce approximately 775,000 seeds in its fi rst year of reproduction. 

These results indicate that in the Wet Tropics Region C. hirta plants are capable of producing 
large quantities of seed which have the potential to enter the seed bank and assist in the 
spread of the current infestation. Fortunately the production of fruit and seeds in this trial 
does not exceed that recorded overseas. For example, previous research has found that in 
Hawaii, where a C. hirta infestation has existed for over 30 years, a single plant can produce 
on average 3.8 million seeds/year. 

Although C. hirta plants have not yet reached this level of fruit and seed production in our 
trial, it demonstrates that prompt eradication is required in the Wet Tropics infestation to 
prevent large quantities of seed entering the soil seed bank, the subsequent spread of the 
infestation and increased reproductive potential of plants as recorded overseas.

Keywords: Koster’s curse, Clidemia hirta, fruit, seeds, Far North Queensland, Wet Tropics 
Region.
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STUDYING POPULATION DYNAMICS TO GAIN A BETTER 
UNDERSTANDING OF CONTROL OF LANTANA CAMARA

 Christine Perrett,  Olusegun Osunkoya and  Chandima Fernando 
Department of Primary Industries and Fisheries, PO Box 36, Sherwood Qld 4075

ABSTRACT

Lantana (Lantana camara) originates from tropical America and is now a major weed pest in 
over 60 countries. It is recognised as a weed of national signifi cance because of its impact 
on primary industries, conservation and biodiversity, and the extent of its distribution. It is a 
common component of weedy pastures, parks, arable fi elds, and may become the dominant 
understorey in open forests and tropical tree plantations. In agricultural situations Lantana 
impedes access, reduces property values and is unpalatable and toxic to stock. 

Over 40 species of insects have been utilised in lantana biocontrol programs around the 
world. Because of the magnitude of the problem, the inaccessibility of many sites and the 
cost associated with other methods of control, attempts at biological control have been 
in progress for more than 70 years. Biocontrols alone cannot eradicate lantana, but their 
presence can help to contain infestations and reduce their spread in the long term. 

There is a lack of quantitative data encompassing the entire life cycle of lantana. Population 
viability analysis (PVA) when done in concert with computer modelling and simulations 
could help greatly in fi ne-tuning management strategies for control of invasive organisms. 
Results from PVA studies can highlight the weakest stage/s in the life cycle which can then 
become the focus of target by control efforts. This project aims to fi ll the apparent gap in our 
understanding of the invasion biology of Lantana. The study draws on data in the literature 
and is being augmented with fi eld collected data on specifi c life stages.

The Yarraman area, west of Brisbane has been identifi ed as suitable for collection of 
demographic data on Lantana. Four sites of differing soil properties, rainfall intensity, land-
use type and weed-control practice, are being used to parameterise the species’ vital rates 
for projection of its population growth. We have commenced work mapping and tagging 
plants and over the next 12–24 months we will follow their fates in terms of growth, fecundity 
and survival. We will run seed germination trials to determine seed bank and seed-seedling 
transition values.
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PLECTONYCHA CORRENTINA, A LEAF FEEDING BEETLE FOR THE 
BIOLOGICAL CONTROL OF MADEIRA VINE

 Wilmot Senaratne
Alan Fletcher Research Station, 27 Magazine Street, Sherwood Qld 4075 

ABSTRACT

Madeira vine, Anredera cordifolia (Basellaceae), a South American perennial vine that 
forms dense mats over trees and shrubs, is considered a major environmental weed of 
coastal and sub-coastal areas from southern Queensland to New South Wales, where it 
poses a signifi cant threat to biodiversity in riparian, sclerophyll and rainforest communities. 
Biological control is the best option to manage this weed because other control options 
such as mechanical and chemical are diffi cult, expensive and largely ineffective. A specialist 
leaf-feeding chrysomelid beetle (Plectonycha correntina) from Argentina is being tested in 
quarantine. Plectonycha correntina has an unusual and interesting life cycle which suggests 
it would be a very promising biocontrol agent. Adults are long lived and feed on leaves. 
Females lay 100–800 eggs on the under surface of the leaves in batches of 5–28 eggs 
covered with a thick sticky gelatinous substance to protect them from parasitism. As the 
larvae feed, their dorsal surfaces become covered with slimy black excremental matter. 
Often, especially when the larvae are small, this excremental matter coalesces so that up 
to 20 larvae can be found beneath one ‘blanket’. This behaviour could reduce parasitism, 
provide a suitable microclimate and increase the effectiveness of P. correntina as a biocontrol 
agent. Pupation occurs in the soil. Both adults and larvae damage the foliage severely 
resulting in reduced plant growth. Plectonycha correntina is multivoltine and highly fecund, 
therefore rapid population build up is expected when released in Australia. 

Host-specifi city studies on 35 species of plants from 12 families confi rm earlier work done 
in Argentina. The insect has not been able to complete its life cycle on any plant other than 
Madeira vine although adult feeding and limited larval development were noted on Basella 
alba. An application to release this agent in Australia will be made in 2009. 

Keywords: Anredera cordifolia, Madeira vine, Basella alba, Plectonycha correntina, 
chrysomelid beetle.
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THE SPREAD OF NEEM (AZADIRACHTA INDICA) WITHIN A 
TROPICAL RIPARIAN SYSTEM

 Stephen Setter and  Katie Patane 
Department of Primary Industries and Fisheries, PO Box 20, South Johnstone Qld 4859

ABSTRACT

Neem (Azadirachta indica) is a tree species introduced into Australia as a potentially valuable 
new crop. Neem is grown for the production of azadirachtin which is a natural insecticide 
contained in the seeds and leaves. It has also been widely planted as an ornamental and 
shade tree. In some areas neem has escaped cultivation and formed naturalised populations. 
A recent weed risk assessment predicted that sandy beds and banks of rivers and creeks 
across the seasonally dry tropical savannas are the habitats most at risk of invasion. 

Since 2002 a site along the Gilbert River in North Queensland has been monitored on an 
annual basis to quantify the rate at which neem can colonise riparian areas. The initial 
canopy cover of neem averaged 23% across six 20 m long transects. Six years later (2008), 
its canopy cover had increased to 88%. Whilst the native woody vegetation was not directly 
measured, anecdotally it appears that there has been a notable decline in the Melaleuca spp. 
that occur in this area. The increased competition imposed by neem plants for resources (e.g. 
light, water and/or nutrients) is suspected to have contributed to this decline and warrants 
further investigation. 

Keywords: neem, Azadirachta indica, azadirachtin.
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THE FUTURE FOR WEEDS OF NATIONAL SIGNIFICANCE UNDER 
CLIMATE CHANGE

 John Thorp
Weeds of National Signifi cance, PO Box 96, Newstead Tas 7250 

ABSTRACT

The Weeds of National Signifi cance (WoNS) were determined in 1999 and the effectiveness 
of the program was reviewed with a view to determining its future. The review supported 
the continuation of the program. The Australian Weeds Committee (AWC) has subsequently 
overseen 18 reviews of the existing species, redevelopment of the determination process 
and provided guidance to the Natural Resource Management Ministerial Council on the 
future of the program. Jurisdictions have been asked to reaffi rm their commitment to the 
species and hosting arrangements for coordinators given that a Phased approach has been 
applied to the existing species which has made way for the inclusion of new candidates. It 
is not intended to remove the existing WoNS species from the list as it is important that the 
AWC maintains oversight of species to ensure that levels of management are maintained in 
order to prevent past achievements being lost.

National strategies have been reviewed and updated as necessary depending on the extent 
to which existing strategies have been completed and this relates to the phases of WoNS 
implementation.

At the time of writing three phases are proposed which are predominantly related to the 
quantity of resources required and the degree to which strategies have been implemented. 
Phase 1 covers the active implementation phase where approximately 80 percent of 
the strategic would be undertaken. Phase 2 would not require the services of a full time 
coordinator which would be achieved by combining species with some level of commonality. 
Phase 3 would not require the services of a coordinator, but the national program would 
continue under the oversight of the AWC and be managed on a jurisdictional basis.

Keywords: Weeds of National Signifi cance.
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MANAGEMENT AND FACILITATION OF CLASS 1 PEST PLANTS

 Melissa Wall
Department of Primary Industries and Fisheries, 45 Warwick Road, Bowen Qld 4805 

ABSTRACT

Managing Class 1 pest plants regulation or facilitation? 

The aim of this paper is to discuss the management of Class 1 Weed Eradication projects 
at a local level and the interplay of stakeholders. The Badhara bush project and the recent 
incursion of Mexican feather grass in Central Queensland will be used as case studies to 
illustrate the effectiveness of either regulation or facilitation.

The approach to weed management has changed somewhat over the past twenty years. 
Initially incorporated into the business of Natural Resources and Water, the management of 
Class 1 weeds is now carried out through Biosecurity Queensland, Department of Primary 
Industries and Fisheries. In a climate of change where globalisation and technology is 
requiring businesses to become more effi cient in their operations – stakeholders must take 
an integrated approach to weed management. From having a strong hands on role, Land 
Protection Offi cers are now acting in a facilitative manner and incorporating their business 
into the plans of State and Local Government, Natural Resource Management groups and 
landholders. This has led to the development of effective pest management plans to aid in 
the eradication of Class 1 pest plants. 
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