
Appendix 1 
Recommendations from the 1994 ‘Review of Skeleton Weed Eradication 
Program’ 
 

1. One person should lead the skeleton weed eradication program and that job 
should be his or her sole responsibility. 

2. The search machines should be modified and updated before the next season, to 
improve the comfort, safety and mobility of the machines and the efficiency of the 
program, and also to encourage volunteers. 

3. Owners with properties to be searched should be responsible for helping to 
organise and select the teams of volunteers needed to search their own 
paddocks. 

4. Farmers with skeleton weed should be allowed only a narrow window of time in 
which the search machines will be made available to search their property. Crops 
on infested paddocks should be harvested first. 

5. Contract (paid) search teams are needed to supplement volunteers in the 
Southern Cross and Narembeen Shires. 

6. Farmers should crop the infested areas of the paddock separately wherever 
possible. 

7. Live plants (potted or otherwise) should be available to all serach sites to 
familiarise searchers with what they are looking for. 

8. Research: 

a. Expressions of interest should be sought from research and development 
companies and organisations to study the feasibility of developing sensor 
technology for the detections of this weed. 

b. Research should be carried out into the control of skeleton weed by 
chemical and management techniques in cereal/legume rotations. 

c. Research into biological control agents of the intermediate and broadleaf 
forms of skeleton weed should be supported financially. 

9. The Agriculture Protection Board (APB) should continue to maintain a mobile and 
decentralised work force to enable it to effectively coordinate and administer the 
Skeleton Weed Eradication Program. 

10. This Task Force supports recommendations 13 & 14 of the “Review of Interstate 
Quarantine Volume 1”. 

 

Extract from: Skeleton Weed Eradication Task Force (1994), Review of Skeleton 
Weed Eradication Program. Report prepared for the Hon. Monty House MLA, 
Minister for Primary Industry (p.2). 
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Appendix 2 
Recommendations from the 2002 ‘Review of the past effectiveness and 
likely future success of the Skeleton Weed Eradication Program in 
Western Australia’ 
 

1. That the thrust of the Skeleton Weed program should be changed from 
eradication under Government management by regulation, to individual 
landholder control and containment, supported by a concerted extension 
program. 

2. That this change be over a 3 year period with a phasing out of the current 
program and termination of the Skeleton Weed levy by 30/6/05. 

3. That, in encouraging landholders to take full responsibility for control of Skeleton 
Weed on their own properties, and in developing an attitude of community 
surveillance, maximum use should be made of appropriate local organisations, 
the APB’s Zone Control Authority network, and a re-constituted Skeleton Weed 
Advisory Committee. 

4. That a publication outlining the best management practice for Skeleton Weed in 
WA should be developed and effectively disseminated to landholders and agri-
business. 

5. That the extension program should include special meetings of landholders and 
agri-business personnel in many country centres where the reasons for the 
change in policy and the practical implications for individual farmers and 
landholders are explained by a team of informed persons. 

6. That, for future regulation purposes, skeleton weed be declared P1, P3 
(containment) within heavily infested Shires (as identified by the 
Department/APB), and P1, P2 (eradication) within the remaining Shires of the 
South West Land Division of Western Australia. 

 

Extract from: WA Department of Agriculture, Skeleton Weed Eradication Review 
Panel (WA), Davies, D. (2002), Review of the past effectiveness and likely future 
success of the skeleton weed eradication program in Western Australia. Western 
Australian Department of Agriculture, South Perth (p.17). 
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Appendix 3 
Recommendations from the 2008 ‘Skeleton Weed review’ 

1. We recommend that the wind down of the Skeleton Weed Program be introduced
over a period of three years. The Skeleton Weed Committee needs to introduce a
3 year decreasing budget to finish the program in June 2011. The 2010/11 levy
could be only minimal to provide enough funds for the final year of the program.

2. Without some form of spatial analysis it is not possible to determine quantitatively
whether large scale containment is being achieved. This work should be
undertaken as soon as possible.

3. We believe the program should transition to grower control and management
over a three year period, with an associated campaign to provide best options for
on farm management.

4. Increased focus on surveillance in at risk regions, including the grazing strip close
to Moora include cropping areas adjacent to Badgingarra area – to detect new
infestations.

5. Increase responsibility on landholder for control (perhaps with a check after 3
years).

6. Searching in Metro areas should be scaled down as we do not believe the risk of
spread from metro to rural areas warrants the investment of significant resources.

7. No subsidy should be paid for Code 1 searching – all funded searching should be
through surveillance and the landowner notified of finds as they arise.
Landowners should be responsible for control and eventual audit (3 yrs hence).

Extract from: DAFWA, Agriculture Protection Board, Enright, T.J. and Skeleton Weed 
Eradication Review Panel (2008), Skeleton weed review. Department of Agriculture 
and Food, South Perth (p.17) 

3



Page 1 of 3 

Review of the Skeleton Weed Program 

Terms of reference 

Purpose of the review 

To provide reliable information to enable the Grains, Seeds and Hay Industry 
Funding Scheme (IFS) Management Committee make informed decisions on the 
level of industry investment toward skeleton weed control. 

Background 

Western Australia (WA) is the only Australian state with a dedicated Skeleton Weed 
Program. The aim of the program is to control the spread of skeleton weed. The 
program costs approximately $4 million per annum and is fully funded by the WA 
grains/seeds/hay industry through the Grains, Seeds and Hay Industry Funding 
Scheme (IFS)1. 

There has been debate around whether the program provides value for industry 
investment, particularly as the infested area is not decreasing. Further, some parts of 
the industry believe skeleton weed is a weed that should be managed on-farm like 
any other weed — that is, it is a ‘farm health’ issue rather than a whole-of-industry 
issue. Industry feedback has also suggested that the program requires modernising, 
with a perception that the program has been ‘doing the same thing for the last 40 
years’. 

It is important that the IFS-funded programs are effective, efficient and appropriate, 
to ensure value for industry investment. 

Scope 

This review will focus on the appropriateness, effectiveness and efficiency of the 
IFS-funded Skeleton Weed Program. 

Key evaluation questions (to be finalised in consultation with the Chair) 

Appropriateness: 

Is the Program the best use of industry resources? / To what extent does the 
Program address an identified need? / Does the Program represent a legitimate role 
for industry investment? 

 To what extent is the Program benefiting the WA grain/seed/hay industry as a
whole? How?

1 The budget for the 2019/20 skeleton weed program is $5.2 million. 

Appendix 4
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 How might skeleton weed affect the WA grain/seed/hay industry in the 
absence of a coordinated program?2  

 What is the impact of other declared pests on the WA grain/seed/hay industry 
compared to skeleton weed? 

Effectiveness: 

To what extent has the Program met its objective to ‘prevent seed set and movement 
of skeleton weed and eradicate it from properties (where possible)’? 

 What is the extent of skeleton weed infestation in Western Australia over 
time? 

 What has helped or hindered meeting the objective? Why? 
 What were the unintended outcomes (positive and negative)? 

Efficiency: 

To what extent does the Program represent value for industry investment? 

 What is the ratio of costs to benefits for the Program as a whole?3 
 What aspects of the program provide value for industry investment / do not 

provide value for industry investment? (level of resource applied to each 
aspect and outcomes achieved) 

 

Phase 1 – Data collection and analysis 

Method/process to collect data to answer the key evaluation questions is to be 
developed by the Review Chair, in consultation with the Committee. It is not 
anticipated that the Chair undertakes the data collection/analysis – rather, the Chair 
will identify the key personnel/consultants (for example) to do this. The Chair will 
oversee implementation. 

Output 

A report addressing the key evaluation questions. It will be expected that 
recommendations will be made, based on the data analysis, on the appropriate level 
of industry investment toward skeleton weed. This might include information on how 
the Program can be improved to better deliver cost-effective, industry-wide benefits. 
The Committee may request a verbal (face-to-face or teleconference) to discuss the 
report with the Review Chair. 

 

Phase 2 – Stakeholder consultation 

Stakeholders will be consulted to provide comment on the output (i.e. the report that 
addresses the key evaluation questions), noting that the output may need to be 
summarised into a format suitable for stakeholder consultation. 

  

                                                            
2 Dr David Bowran has provided the Committee with a report that will help answer this question 
3 The Committee have arranged for Dr David Cook (DPIRD) to undertake cost-benefit analysis/es that 
will help answer this question 
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Output 

A report summarising the stakeholder feedback, and final recommendations on the 
appropriate level of industry investment toward skeleton weed taking into 
consideration the stakeholder feedback. This might include information on how the 
Program can be improved to better deliver cost-effective, industry-wide benefits. The 
Review Chair would also be requested to verbally present the report findings at the 
Grains, Seeds and Hay IFS Committee April meeting (date is to be confirmed). 

 

Timeline / Key milestones 

Key milestone Due date 

Processes/methods finalised 29 November 2019 

Data collection/analysis completed  

Phase 1 report complete 21 February 2020 

Stakeholder consultation completed  

Report on stakeholder consultation and 
final recommendations completed 

31 March 2020 

 

There is some flexibility with the timelines.  

The IFS Executive Officer is available to assist the Chair. 
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Review of the Skeleton Weed Program 

Panel Terms of reference 

The Skeleton Weed Review 

Purpose of the review 

To provide reliable information to enable the Grains, Seeds and Hay Industry 
Funding Scheme (IFS) Management Committee make informed decisions on the 
level of industry investment toward skeleton weed control. 

Background 

Western Australia (WA) is the only Australian state with a dedicated Skeleton Weed 
Program. The aim of the program is to control the spread of skeleton weed. The 
program costs approximately $4 million per annum and is fully funded by the WA 
grains/seeds/hay industry through the Grains, Seeds and Hay Industry Funding 
Scheme (IFS)1. 

There has been debate around whether the program provides value for industry 
investment, particularly as the infested area is not decreasing. Further, some parts of 
the industry believe skeleton weed is a weed that should be managed on-farm like 
any other weed — that is, it is a ‘farm health’ issue rather than a whole-of-industry 
issue. Industry feedback has also suggested that the program requires modernising, 
with a perception that the program has been ‘doing the same thing for the last 40 
years’. 

It is important that the IFS-funded programs are effective, efficient and appropriate, 
to ensure value for industry investment. 

Scope of the review 

The Skeleton Weed Program Review is focussed on the appropriateness, 
effectiveness and efficiency of the IFS-funded Skeleton Weed Program. 

Key evaluation questions 

Appropriateness: 

Is the Program the best use of industry resources? / To what extent does the 
Program address an identified need? / Does the Program represent a legitimate role 
for industry investment? 

 To what extent is the Program benefiting the WA grain/seed/hay industry as a
whole? How?

 How might skeleton weed affect the WA grain/seed/hay industry in the
absence of a coordinated program?

1 The budget for the 2019/20 skeleton weed program is $5.2 million. 
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 What is the impact of other declared pests on the WA grain/seed/hay industry 
compared to skeleton weed? 

Effectiveness: 

To what extent has the Program met its objective to ‘prevent seed set and movement 
of skeleton weed and eradicate it from properties (where possible)’? 

 What is the extent of skeleton weed infestation in Western Australia over 
time? 

 What has helped or hindered meeting the objective? Why? 
 What were the unintended outcomes (positive and negative)? 

Efficiency: 

To what extent does the Program represent value for industry investment? 

 What is the ratio of costs to benefits for the Program as a whole? 
 What aspects of the program provide value for industry investment / do not 

provide value for industry investment? (level of resource applied to each 
aspect and outcomes achieved) 

Actions to date 

Dr David Bowran has produced two reports for the Grains, Seeds and Hay IFS 
Management Committee - a review of the management and impact of skeleton weed 
in Eastern Australia, and an assessment of the appropriateness, effectiveness and 
efficiency of the Skeleton Weed Program (including benefit-cost analysis undertaken 
by Dr David Cook). These documents are the outputs of ‘stage 1’ of the Skeleton 
Weed Review, and are provided to the Panel for background along with the 2018/19 
Skeleton Weed Program Report to Grain Growers and the 2018/19 Grains, Seeds 
and Hay IFS Annual Report. 

 

The Skeleton Weed Review Panel 

Purpose of the Panel 

To discuss and assess all the data collected via the review and develop 
recommendations on the appropriate level of industry investment toward skeleton 
weed (‘stage 2’ of the Review).  

This is not a ‘dollars’ exercise – rather, recommendations should consider how 
skeleton weed might be addressed into the future and the skeleton weed related 
activities that the Management Committee should consider investing in to deliver the 
best value for industry investment. 

Members 

David Bowran (Chair), Rohan Day (Chair, Grains, Seeds and Hay IFS Management 
Committee), Jon Dodd and Michael Lamond. 

Executive support – Rebecca Heath (DPIRD) 
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Activities 

Targeted stakeholder consultation 

Key stakeholder organisations have been invited to provide responses to a short 
questionnaire. A list of the invited organisations and questionnaire is provided at 
Attachments 1 and 2. 

The organisations have also been invited to meet, in person, with the Panel on 
Monday 6 April. These meetings will provide the Panel with opportunities to further 
discuss the organisation’s responses to the questionnaire and gain a greater 
understanding of the organisations views on the IFS-funded Skeleton Weed Program 
and its future direction. 

The Panel will be provided with the stakeholder responses to the questionnaire one 
week prior to the Panel meeting. 

Analysis and reporting 

Immediately following the Panel meetings, the Panel will discuss the data (collected 
via questionnaires, stakeholder discussions and previous reports) with a view to 
developing draft recommendations for the Grains, Seeds and Hay IFS Management 
Committee. Key questions/areas will be provided to guide the discussion. 

It is anticipated that the final report, including recommendations, will build on the 
‘stage 1’ assessment of the appropriateness, effectiveness and efficiency of the 
Skeleton Weed Program. Panel members will be provided with a draft of the report 
for comment before it is finalised by the Review Chair and provided to the Grains, 
Seeds and Hay IFS Management Committee. The Review Chair will discuss the 
report and recommendations with the Management Committee at its meeting on 17 
April. 

Timeline  

Key milestone / activity Due date 

Background reading provided to Panel 
members 

13 March 2020 

Stakeholder survey responses received 29 March 

Stakeholder survey responses sent to 
Panel members 

31 March  

Stakeholder discussions  6 April (AM) 

Panel discussion/develop draft 
recommendations 

6 April (PM) 

Panel feedback on draft report 9 April (TBC) 

Report and recommendations 
presented to Management Committee 

17 April 
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Attachment 1– Key stakeholder organisations 

 

Organisation Contact name Email 

GIWA Bob Nixon (Chair) 

Larissa Taylor (CEO) 

bobnixon11@gmail.com  

ltaylor@giwa.org.au  

WAFarmers Rhys Turton 
(President) 

Jessica Wallace 

president@wafarmers.org.au 

grains@wafarmers.org.au  

PGA Tony York (President) 

Ian Randles 

president@pgaofwa.org.au 

jseabrook@bigpond.com  

ianr@pgaofwa.org.au  

WA Grains Group Doug Smith (Chair) 

Debbie Clarke 

Ray Marshall 

wagrainsgroup1@bigpond.com  

raym045@bigpond.com  

GRDC Darrin Lee (Western 
Panel Chair) 

blighleefarms@bigpond.com.au 

western@grdc.com.au   

AAAC(WA) Ashley Herbert 
(President) 

ashley@agrarian.com.au  

DBCA Kellie Passeretto 
(Weeds Coordinator) 

kellie.passeretto@dbca.wa.gov.au  

DPIRD Martin Atwell martin.atwell@dpird.wa.gov.au  

Lakes LAG Lynette Carruthers 

Gary Repacholi (Chair) 

lynette.carruthers@dpird.wa.gov.au 

careema@bigpond.com  

Narembeen LAG Steve Welsh 

Stuart Yandle (Chair) 

stephen.welsh@dpird.wa.gov.au  

skellyweed@yahoo.com.au  

stuart_yandle@yahoo.com  

Avon North LAG Katie Chester 

Gavin Hagboom 
(Chair) 

katie.chester@dpird.wa.gov.au  

klchester@hotmail.com  

hagboom@skymesh.com.au  

Bruce Rock LAG Renee Pursell 

Sean Kilminster (Chair) 

renee.pursell@dpird.wa.gov.au  

skeleweedlag@hotmail.com  

Yilgarn LAG Robbie Della Bosca 

Brad Auld (Chair) 

rebecca.maddock@dpird.wa.gov.au 

auld14@westnet.com.au  

Central Wheatbelt 
LAG 

Annemarie Jensen 

Gary Coumbe (Chair) 

annemarie.jensen@dpird.wa.gov.au

cwskele@gmail.com  

coumbe1@bordernet.com.au  
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Attachment 2. Stakeholder survey questions 

 

1. In your organisation’s opinion, how successful has the Skeleton Weed Program 
been at helping landholders to contain/control skeleton weed in WA? Please 
provide reasons for your response. 

2. In your organisation’s opinion, should more money be directed toward skeleton 
weed containment/control? Please provide reasons for your response. What 
other organisations/industries (if any) should contribute to skeleton weed 
containment/control in WA to achieve a better outcome?  

3. How would your organisation like to see grower funds (via the GSHIFS) being 
spent, in order to help contain/control skeleton weed? This might include all, 
some or none of the following (please tick): 

☐ Communication on skeleton weed significance, occurrence and management 
☐ Identify and implementing new and/or improved surveillance and searching 

technologies 
☐ Research on improving the efficacy of Lontrel and Tordon 
☐ Research on herbicide resistance to Lontrel and Tordon 
☐ Research on alternative herbicides to Lontrel and Tordon 
☐ Research on non-chemical methods of control 
☐ Development of new biocontrol agents (the rust fungus in the Eastern States 

does not work on the WA skeleton weed biotypes) 
☐ Analysis to improve understanding of how the skeleton weed situation in WA 

has changed in the last 45 years and what it might look like in another 10, 20, 
30 years 

☐ Other areas for investment (identified by your organisation – please note these 
in the comment section below) 

☐ Keep the program the same 
☐ Do not invest grower funds (via the GSHIFS) on activities directed toward 

skeleton weed 

Please provide comment on your selections, including what your organisation 
sees as the highest priority/ies. 

4. Skeleton weed is a declared pest under the Biosecurity and Agriculture 
Management Act 2007. It is categorised as a ‘C3 – Management’ plant in the 
Shire of Yilgarn and the Shire of Narembeen. This means landholders in these 
Shires are responsible for preventing its spread, if the weed is present on their 
land. For the rest of the WA it is a ‘C2 – Eradication’ plant. This means 
landholders are required to eradicate any plants that are found on their property. 
A C2 declaration suggests that it is feasible to eradicate skeleton weed from this 
area of WA. 

Should changes be made to the skeleton weed declaration (i.e. declared pest, 
C2/C3 category)? Please provide reasons for your response. 

5. Other comments 
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1. Executive summary 

This analysis provides an estimate of the return on investment in the skeleton weed 
eradication program in Western Australia. 

A bioeconomic model is used to estimate costs of skeleton weed to broadacre 
cropping industries over time under eradication (i.e. status quo) and nil management 
scenarios. 

Results suggest that under a nil management scenario costs to WA broadacre 
agriculture will be approximately $19.2 million per year after 20 years, while under an 
eradication scenario costs fall to $2.8 million per year. 

With annual program costs of approximately $5.2 million, the skeleton weed 
eradication program produces a net present value of $15.8 million over 20 years. 

The benefit cost ratio for the project over 20 years is 1.15, implying that every $1.00 
invested in the program prevents $1.15 of skeleton weed damage to cropping 
industries. 

The break-even level of investment in the eradication program is approximately 
$5.6 million per year. 

Additional costs to horticultural industries the use mechanical harvesters could 
amount to $0.6 million per year under the nil management scenario, but are 
negligible under the eradication scenario. 
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2. Introduction 

Skeleton weed, Chondrilla juncea, is a herbaceous perennial plant that is thought to 
have evolved in central Eurasia.  The first report of the species in Australia was 
appears in Maiden (1918), where samples were taken from material collected near 
Marrar, New South Wales in 1917 (Hill and Groves, 1973).  From its initial 
introduction, skeleton weed spread throughout the south-eastern Australian wheat 
belt during the 1920s to 1940s, where it dramatically reduced yields, increased 
production costs and proved difficult to control (Ward, 2014). 

Spread of skeleton weed occurs via wind-dispersed seeds and vegetatively from root 
fragments.  Crop yields in heavy infestations are reduced by competition for soil 
nitrogen (Wells, 1971) and soil moisture (Molnar et al., 1967).  In dense infestations 
the tough wiry stems may become entangled in the moving parts of headers, adding 
to machinery wear and tear and causing harvesting delays (Scott and Dodd, 1996).  
Chemical control of large areas of skeleton weed has generally proved difficult, but 
light infestations can be managed much as other broadleaf weeds (McElwee et al., 
2000). 

The first skeleton weed detection in WA occurred at Ballidu in 1963, and the weed 
has been the target of an eradication campaign ever since (Scott and Dodd, 1996).  
Following the discovery of several large infestations in the Narembeen shire in 1973, 
the Skeleton Weed (Eradication Fund) Act 1974 was passed by Parliament to enable 
grain producers to self-fund ongoing eradication efforts via a levy on grain producers.  
This arrangement remains in place but now operates under the Biosecurity and 
Agriculture Management Act 2007 (under which it is declared C2 with the exception 
of the shires of Narembeen and Yilgarn where it is declared C3).  The levy is 
determined by the Grains, Seeds and Hay Industry Funding Scheme (IFS) 
Management Committee and is currently set at $0.25/T of grain/seed, and $0.125/T 
of hay.  Funds collected are used to support both the skeleton weed and the three-
horned bedstraw (Galium tricornutum Dandy) eradication programs. 

This report assumes that there are currently 3 820 hectares of host crops in WA that 
remain infested with skeleton weed (Grains Seeds and Hay Industry Funding 
Scheme, 2018) and estimates the agricultural cost of the weed in two different policy 
contexts.  The first involves ongoing management whereby the current eradication 
program is continued, and this is compared to a counterfactual nil management 
scenario.  A bioeconomic Monte Carlo model is used to simulate a large number of 
spread possibilities in each scenario over a 10, 20 and 30-year timeframe. 
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3. Methods 

3.1. Primary host selection 

The model used in this assessment treats all primary hosts as equally susceptible to 
skeleton weed infestation.  Hence, the combined area of the hosts modelled 
represents the maximum susceptible area in the long term.  While there are many 
different skeleton weed hosts, including various horticultural crops, in the first 
instance only five broadacre hosts are considered.  These are listed in Table 1, 
below, which shows area, volume and value statistics for each.  Horticultural impacts 
are considered in section 5. 

Table 1. Approximate WA host industry area, volume (T) and gross value of annual 

production (GVP) for domestic and export markets, 2016/17. 

Host 
Area 

(ha)* 

Volume 

(T)* 

Gross value 

of production 

($ million)** 

Price 

($/T) 

Yield 

(T/ha) 

Barley 1,383,930 3,247,930 825.5 250 2.3

Canola 1,093,650 1,327,850 730.0 550 1.2

Lupins 331,490 457,260 158.4 350 1.4

Oats 299,760 601,410 187.3 310 2.0

Wheat 4,615,760 8,510,580 2,485.4 290 1.8

TOTAL 7,724,590 14,145,030 4,386.6  

*  ABS (2018a) 

** ABS (2018b). 

3.2. Input model 

3.2.1. Damage costs 

Using the Monte Carlo method, the input model defined in this section is run 
thousands of times to generate a probability distribution of possible outcomes.  John 
von Neumann and Stanislaw Ulam invented this method during the Manhattan 
Project for applications in the development of the atomic bomb.  To maintain 
secrecy, the work required a code name. The inspiration for von Neumann’s choice 
of the name “Monte Carlo” came from Ulem’s uncle who enjoyed playing games of 
chance at casinos in the city of Monte Carlo, Monaco (Benov, 2016). 

The results of Monte Carlo simulations reveal all possible events that could happen 
(at least, according to an input model’s characterisation), and the probability of each 
outcome occurring.  It does not provide precise estimates, but rather ballpark 
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estimates of probable outcomes.  In this analysis, it reveals skeleton weed spread, 
cost and revenue implications under nil management and eradication policy 
scenarios. 

All skeleton weed costs quantified in the Monte Carlo model relate to agricultural 
damages, so do not include environmental impacts or effects on households.  
Damage costs, , are estimated in a nil management scenario ( ) and an 
eradication scenario ( ). 

The nil management scenario is a counterfactual that illustrates the spread and 
impacts of the weed if it were to spread unabated throughout suitable habitats in WA.  
Comparing damages under a policy scenario (in this case eradication) to those 
under the counterfactual reveals the likely return to investment in the policy. 

The difference between  and  in the model is calculated over a simulation 
period of 30 years.  However, 20-year results are favoured in the results section 
(section 4) due to the uncertainty in results increasing with the length of the 
simulation period. 

3.2.1.1. Nil management 

Regions of WA in which host crops are grown are denoted .  The damage cost of 
skeleton weed in a region  in period  under a nil management policy ( ) is 
calculated within the model as: 

  (1) 

where:  is the mean change in host yield resulting from skeleton weed infestations 
across region  in year  with normal weather conditions;  is the world price for a 
host in year ;  is the area affected by skeleton weed in region  in year ; and  
is the increase in variable cost of production per ha induced by skeleton weed 
management in region  in year . 

Equation 1 states that in the nil management scenario skeleton weed causes yield 
reductions and chemical costs increases, and that both of these costs increase as 
the area affected by the weed increases. 

3.2.1.2. Eradication 

The relative success of the eradication option within the model at any point in time is 
based on the area remaining affected.  If eradication does not occur before the 
affected area reaches a point where it is no longer considered technically feasible 
( ) the eradication attempt is aborted. 

The damage cost of skeleton weed in a region  in period  under an eradication 
policy ( ) is, therefore, a piecewise function: 

 
	if	
	if	

 (2) 

where:  is the initial investment in eradication in region  in year ;  is the cost of 
removing future skeleton weed infections from a given area in region  in year ;  
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is the area affected by skeleton weed in region  in year ;  is the maximum 
technically feasible area of eradication in region  in year ;  is the mean change in 
host yield resulting from skeleton weed becoming established across region  in year 
;  is the world price for a host in year ; and  is the increase in variable cost of 

production per ha induced by skeleton weed management in region  in year . 

Equation 2 states that if the area affected remains below the threshold level , 
skeleton weed damage costs are caused by the cost of the eradication program itself 
and future weed removal costs.  If the area affected exceeds , damage costs are 
caused by yield reductions and chemical costs in the same way they were under the 
nil management scenario. 

3.2.2. Net present value and the benefit cost ratio 

Since  and  accrue over time, they are subject to discounting.  Discounting 
has an erosive effect on monetary values that increases with time, meaning that the 
value of one unit of damage caused in the present is worth more in real terms than 
the same unit of damage caused in the future. 

Applying discounting, the net present value anticipated from the skeleton weed 
eradication policy over  periods (NPV ) is the sum of  across all affected 
regions ( ) in WA: 

 NPV ∑  (3) 

where  is the discount rate. 

Equation 3 states that the net present value of the skeleton weed eradication 
program in today’s dollars is equal to the discounted value of damage prevented.   

Recall from equation 2 that the costs of administering the program, , are included 
in the estimate of .  Hence, the NPV  is net of all program costs incurred over  
affected regions (∑ ). 

With this estimate of NPV , a benefit cost analysis of the skeleton weed eradication 
program can be performed.  The simplest measure of returns to eradication per 
dollar invested is the benefit cost ratio (BCR ), as it summarises all cost and benefit 
information into one unitless metric.  The BCR  is calculated by dividing the summed 
present value of benefits of eradication (NPV ∑ ) across  periods by the 
summed present value of costs involved in achieving it (∑ ): 

 BCR ∑ ∑

∑
 (4) 

Equation 4 states that the benefit cost ratio for the skeleton weed eradication 
program over a specified period equals the present value of benefits generated by 
the costs of maintaining the program over that specific length of time. 

In the results section to follow, NPV  and BCR  estimates are given for 10, 20 and 
30-year periods. 
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3.3. Area of infestation predicted over time 

3.3.1. Total area infested across all sites 

Estimates of  and  from equations 1 and 2 are driven by the area affected at 
the time they are estimated.  It follows that the model must simulate spread within 
and between regions over multiple periods in order to predict damage costs. 

The predicted area affected by skeleton weed in region  in period  ( ) across  
sites is: 

 
∑ 	if	

	if	
 (5) 

Where:  is the area affected by skeleton weed in period 0;  is the area 
affected in a particular site at time  following an initial infestation with an age index  
in region ;  is the number of satellite infestation sites in region  in year  with age 
index ; and  is the maximum area of hosts than can be affected. 

Like equation 2, equation 5 is a piecewise function defined on two intervals, 
 and .  It simply states that the area affected by skeleton weed over a 

specified period equals the summed area of each individual site (see section 3.3.2, 
below) and the satellite sites it has generated to date (see section 3.3.3), and that 
this summed area cannot exceed the maximum area of hosts. 

3.3.2. Area of spread within an infested site 

For any region  that has not been infested or in which eradication has been 
achieved, infestation or re-infestation events are generated using entry and 
establishment probabilities.  These are denoted  and , respectively. 

The probabilities  and  are combined to form a probability of an infestation 
event in a specific cropping region , : 

  where 0 1 (6) 

A Markov chain process is used to change  and  over time according to a 
vector of transitional probabilities (Hinchy and Fisher, 1991).  These transitional 
probabilities describe the likelihood of moving from one infestation state to another 
such that the probability of an infestation event occurring in region  in time period , 

, depends on the presence or absence of skeleton weed in previous time periods. 

When an infestation event occurs within a region, the model assumes there is a 40% 
chance of its detection if the area has no prior history of skeleton weed occurrence.  
This parameter is represented in the model as a binomial distribution that has a 0.4 
probability of returning a 1 (i.e. detection) each time it is sampled, which can be 
written as binomial[1,0.4].  If the area has had previous skeleton weed infestations, it 
is assumed there is an 80% chance of detection (i.e. binomial[1,0.8]) implying 
landholders with previous experience of the weed on their properties monitor more 
intensively.  As both of these detection probabilities are arbitrary, their effect on 
model results is tested in a sensitivity analysis, detailed in section 4. 
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The probability that the skeleton weed eradication program successfully removes an 
infestation when it is detected is assumed to decline exponentially with the area of 
crop affected at the time of discovery.   This decline occurs at an average rate of 

, where  is the exponential rate of decline of eradication success probability 
with respect to area affected and  is the area affected in year 1.  The age 
indexes used indicate the number of periods (in years) that have elapsed since 
skeleton weed entered a region. 

While an infestation remains undetected, a reaction diffusion model predicts  
across regions over time.  The model assumes weeds spreading from a point source 
will eventually reach a constant asymptotic radial spread rate of 2  in all 

directions, where  is the rate of population and density increase per year in region  
and  is a diffusion coefficient for an infested site with an age index  in region  
(Lewis, 1997, Shigesada and Kawasaki, 1997, Hengeveld, 1989).  The density of 
infestation within each site with age index  in region  at time , , is applied as a 
weight.  The predicted area affected at time , , following an initial infestation with 
an age index  in region , is: 

 4 . (7) 

The infestation density variable,	 , grows over time following a sigmoid (or logistic) 
growth curve until the carrying capacity of the environment within an infested site 
with age index  in region  ( ) is reached: 

 . (8) 

Here,  is the size of the original influx at a site with age index  in region .   

3.3.3. Satellite sites 

Satellite sites are new infestations resulting from weather events and animal or 
human interventions that periodically ‘jump’ an expanding skeleton weed infestation 
beyond an initial site.  Within any region , the number of satellite sites in any given 
period  ( ) has an assumed maximum value of . 

The frequency of satellite sites is assumed to increase following a sigmoid function 
(Moody and Mack, 1988), with the number of satellites with an age index  in region  
in period  determined as: 

  (9) 

where:  is the intrinsic rate of new foci generation in sub-region ;  is the 
minimum number of satellite sites generated in region ; and  is the maximum 
number of satellite sites generated in region . 

The sigmoid functions shown in equations 8 and 9 are so-named because in 
graphical form they resemble the lower case Greek letter sigma (i.e. ), giving them a 
characteristic s-shape.  Simply stated, equation 8 describes how changes in the 
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number of satellite infections initially increase at an increasing rate and then a 
decreasing rate until reaching . 

3.4. Parameters 

Forecasting damage caused by a weed over 30-years involves a lot of uncertainty.  
Using the Monte Carlo method, this uncertainty is dealt with explicitly by entering 
parameters of the model as distributions or value ranges, rather than point 
estimates, when their specific values are no known.  Distributional forms used in this 
analysis are: 

(i) PERT – a type of beta distribution specified using minimum, most likely (i.e. 
skewness), and maximum values; 

(ii) Uniform – a rectangular distribution bounded by minimum and maximum 
values; 

(iii) Binomial – a distribution in which only two outcomes, success or failure (i.e. 1 
or 0) are possible, and specified with the number of trials and the probability 
of achieving a success. 

Parameters and their assumed distributions and values appear in Table 2. 

In each model run, one value is sampled from each parameter distribution to 
produce the model outputs.  The particular sampling method used here is a Latin 
Hypercube Sampling (LHS) algorithm, run using the @Risk™ software package 
(Palisade Software, Ithaca, New York).  LHS is often used in Monte Carlo simulation 
since it reduces the number of runs necessary to achieve a reasonably accurate 
result, and so cuts down computation time.  It also spreads the sample values more 
evenly across all possible values than a true random sampling algorithm.  It achieves 
this by dividing each distribution into a number of partitions with equal probabilities of 
occurrence, and then chooses random data points in each partition. 
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Table 2.  Parameters used to assess the spread and impact of skeleton weed in WA 

 Nil management Eradication 

Area currently affected,  (ha).a 3 820 ″ 

Cost of eradication,  ($/ha/yr).a 0.0 900 

Discount rate,  (%).b Uniform(3,5,7) ″ 

Exponential rate of decline for eradication 
success probability with respect to area 
affected, .c 

Pert(-0.1,-0.15,-0.2) ″ 

Increased herbicide and application cost if 
eradication fails,  ($/ha).d 

Barley Pert(4.5,4.8,5)  
Canola Pert(4.5,4.8,5) 
Lupins Pert(10.5,11.60,12.5) 
Oats Pert(4.5,4.8,5) 

Wheat Pert(4.5,4.8,5) 

″ 

Initial investment in eradication,  ($).a 0 5 177 000 

Intrinsic rate of infestation and density increase,  
(yr-1).e 

Pert(0.50,0.75,1.00)  Pert(0.20,0.35,0.50)  

Intrinsic rate of satellite generation per unit area 
of infestation,  (#/m2).e Pert(1.010-7,5.510-7,1.010-6) Pert(1.010-9,5.010-8,1.010-7) 

Maximum area affected,  (m2).f 7.61010 ″ 

Maximum area considered for eradication,  
(m2).c 0.0 Pert(5.0106, 7.5106,1.0107) 

Maximum infestation density,  (#/m2).e Pert(1,5.5,10)  ″ 

Maximum number of satellite sites generated in a 
single time step,  (#).e 

Uniform(5,10) ″ 

Minimum infestation density,  (#/m2).e 1 ″ 

Minimum number of satellite sites generated in a 
single time step,  (#).e 

1.0 ″ 

Population diffusion coefficient,  (m2/yr).e Pert(5.0103,6.25103,7.5103) ″ 

Prevailing price for affected commodities in the 
first time step, 	($/T).g 

Barley 250  
Canola 550  
Lupins 350  
Oats 310  

Wheat 290 

″ 

Probability of re-entry and establishment,  (%).c 100 Uniform(9,49) 

Reinfestation detection probability (%).c 0.0 Binomial(100,0.4) 

Reinfestation detection probability >1yr after 
successful eradication (%).c 

0.0 Binomial(100,0.8) 

Yield reduction despite control,  (%).c Uniform(0.0,0.5) ″ 

   

a Grains Seeds and Hay Industry Funding Scheme (2018), and Bowren and Heath (2020).  Note in the case of eradication, 
removing the current 3 820 ha infestation is arbitrarily assumed to take between 10 and 25 years to achieve (i.e. 
pert(10,20,25)).  Given that active control programs have been in place since the 1960s, longer time periods are considered 
more likely, as reflected by the most likely eradication duration of 20 years; 
b Commonwealth of Australia (2006); 
c  Cook (2014); 
d In wheat, barley, oats and canola, clopyralid (300g/L) applied at 300mL/ha at a cost of $16.05/L (≈ $4.80/ha).  In lupins, 
diflufenican (500g/L) applied at 200mL/ha at a cost of $58/L (≈ $11.60/ha) (DAFWA, 2014, HerbiGuide, 2019, Tallarook Rural 
Supplies, 2019); 
e Waage et al. (2005) and Cook et al. (2017); 
f ABS (2018a); 
g ABS (2018b). 
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4. Results 

4.1. Total area of infestation 

Figure 1 depicts the area growth (i.e. , eq. 5) expected from skeleton weed over 
time under nil management and ongoing scenario.  Taking the average of 5 000 
model iterations, approximately 265 000 ha are likely to be affected after 30 years 
under a nil management scenario compared to around 25 000 ha under current 
management arrangements.  This implies considerable suppression of skeleton 
weed spread because of the program, but eradication is unlikely in the long term.  
This is consistent with the gradual upward trend in the number of properties with 
confirmed infestations observed over time (see Grains Seeds and Hay Industry 
Funding Scheme (2018), p. 6). 

 

Figure 1.  Predicted area affected by skeleton weed in WA over 30 years.  The box-
whisker plots show the 25th, mean and 75th percentiles, and remaining values 
up to and including the 5th and 95th percentiles.  The boundaries of the boxes 
indicate the 25th and 75th percentiles.  The horizontal lines inside the boxes 
represent the means, and values lying between the 5th and 25th percentiles 
and between the 75th and 95th percentiles are indicated by the ‘whiskers’ 
extending from the top and bottom of each box.  Shaded boxes represent the 
nil management scenario and empty boxes represent the ongoing eradication 
scenario. 
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4.2. Damage costs 

Figure 2 shows the expected damage costs of skeleton weed over 30 years under nil 
management and on-going eradication scenarios (i.e.  from eq. 1 and  from 
eq. 2).  All future values are discounted at 3-7% per annum (Commonwealth of 
Australia, 2006).  By year 20 of the simulation, damage costs under a nil 
management policy are estimated to be $19.2 million per year, while under an 
eradication policy they are estimated to be $2.9 million per year.  By year 30, 
damage costs under a nil management policy and eradication policy are forecast to 
have almost doubled to $35.2 million per year and $3.8 million per year, respectively. 

 

Figure 2.  Present value of skeleton weed damage cost in WA over 30 years. The 
trend line indicates the mean damage cost.  The box-whisker plots show the 
25th, mean and 75th percentiles, and remaining values up to and including the 
5th and 95th percentiles.  The boundaries of the boxes indicate the 25th and 
75th percentiles.  The horizontal lines inside the boxes represent the means, 
and values lying between the 5th and 25th percentiles and between the 75th 
and 95th percentiles are indicated by the ‘whiskers’ extending from the top and 
bottom of each box.  Shaded boxes represent the nil management scenario 
and empty boxes represent the ongoing eradication scenario. 
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4.3. Net present value 

Figure 3 plots the net present value (i.e. NPV , eq. 3) of the eradication program over 
30 years.  Once again, all future values are discounted at 3-7% per annum 
(Commonwealth of Australia, 2006). 

 

Figure 3.  Net present value of skeleton weed eradication program over 30 years. 
The trend line indicates the mean damage cost.  The box-whisker plots show 
the 25th, mean and 75th percentiles, and remaining values up to and including 
the 5th and 95th percentiles.  The boundaries of the boxes indicate the 25th 
and 75th percentiles.  The horizontal lines inside the boxes represent the 
means, and values lying between the 5th and 25th percentiles and between the 
75th and 95th percentiles are indicated by the ‘whiskers’ extending from the top 
and bottom of each box. 

Figure 3 highlights the uncertainty involved in predicting cost and revenue 
implications of skeleton weed over time.  As indicated by the increasing width of 
boxes and whiskers, uncertainty increases as the length of the period simulated 
increases. 

Histograms of the Figure 3 NPV  at years 10, 20 and 30 are shown in Figure 4, 
below.  The mean net present value over 20 years expected to result from the 
skeleton weed eradication program is $15.8 million with a standard deviation of 
$5.3 million.  80% of model iterations produced benefits between $9.4 million and 
$22.8 million. 

Over 10 years the mean NPV  is -$3.3 million since the relatively slow growth rate of 
skeleton weed means it takes more time to recover the costs of the program (i.e. in 
terms of damage prevented).  In contrast, the long-term 30-year NPV  is 
$31.4 million despite the erosive effects of the discount rate over such a long period. 
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Figure 4.  Net present value of skeleton weed on WA agriculture over 10, 20 and 30-
year periods. 

4.4. Benefit cost ratio 

To perform a benefit cost analysis, it is assumed that the current level of funding 
($5.2 million per year) is constant in real terms.  This means the investment total is 
indexed to the inflation rate ( ) such that the initial investment in eradication ( , 

eq. 2) increase at the inflation over time (i.e. ).  Histograms of the benefit 

cost ratio for the skeleton weed eradication program (i.e. BCR  from eq. 4) at years 
10, 20 and 30 are shown in Figure 5, below.  The means of each histogram 
correspond to the horizontal lines inside the boxes in Figure 3, above. 

The mean benefit cost ratio is 0.07 over the first 10 years of the simulation, indicating 
that benefits generated over that period are insufficient to offset the costs of the 
program.  Returns to investment increase in the medium to long term.  Over 20 
years, the mean benefit cost ratio is 1.15 (i.e. approximately $1.15 of benefit is 
received for every $1.00 investment), while over 30 years it rises considerably to 
4.13.  However, the uncertainty of the predicted benefit cost ratios also increases 
over time, as indicated by the standard deviations for respective histograms in 
Figure 5, below. 
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Figure 5.  Benefit cost ratio for the skeleton weed eradication program over 10, 20 
and 30-year periods. 

4.5. Sensitivity analysis 

To gauge the effect of uncertain parameter values on model output, each parameter 
is sampled across its specified range while holding all other parameters constant in 
Figure 6, below.  Here the 10 parameters producing the most change are ranked 
from top to bottom according to their strength of influence on the net present value 
generated by the skeleton weed program over 20 years. 

 

Figure 6.  Sensitivity analysis.  The length of the bars corresponding to each 
parameter indicate how much the mean net present value generated by the 
skeleton weed program over 20 years is affected by changes in the 
parameter. 
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Results are most sensitive to changes in the intrinsic rate of infestation and density 
increase in the eradication scenario, which is specified in the model as 
Pert(0.2,0.35,0.5).  It has an inverse relationship with the net present value over 20 
(i.e. the slower the rate of spread under the eradication scenario compared to the nil 
management scenario, the larger the benefit of the program).  Changing its value 
from 0.35 in the base case to 0.2 (a change of approximately -43%) raises the net 
present value from $15.8 million to $21.2 million (+34%).  Conversely, increasing its 
value to 0.5 (+43%) lowers the net present value to $10.4 million (-34%). 

The net present value is also sensitive to changes in the discount rate, which is 
specified as Pert(2%,5%,7%).  It too is inversely related to the net present value.  
Lowering the discount rate from its most likely value of 5% to 2% (a change of -60%) 
increases the present value of benefit by 23% (from $15.8 million to $19.5 million), 
and increasing it to 7% (a change of 40%) lowers the present value of benefit by 
approximately 26% (to $11.7 million).  Determining an appropriate discount rate is 
one of the most controversial and important issues in benefit cost analysis since as it 
has a major impact on the viability of many public projects (Abelson and Dalton, 
2018).  Yet there is no definitive answer as to what rate should be applied in different 
circumstances.  This is not critical here since the present value of benefits exceed 
the present value of costs across the range of discount rates considered. 

Results are also sensitive to the maximum number of satellite parameters generated 
in a single time step despite the range of this parameter being relatively small (i.e. 
Uniform(5,10).  This is also inversely related to the net present value, producing 
approximately a ±19% change when increased or decreased 25% from the mean 
value (7.5).  As it relates to the effectiveness of DPIRD activities in slowing the 
residual spread of skeleton weed, this is a key assumption.  However, it is difficult to 
ascertain if the parameter values used here are appropriate, hence the use of a 
uniform distribution to describe it. 
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5. Discussion 

5.1. Costs of the eradication program 

Just as there is uncertainty in the spread and impact of skeleton weed over time, 
there is also uncertainty in predicting future costs of the eradication program.  The 
results of section 4 assume a program cost of $5.2 million fixed in real terms, but 
there is no guarantee that this will accurately reflect the future funding environment.  
As such, it is prudent to present several scenarios whereby funding levels are above 
and below the base case of $5.2 million per annum. 

Table 3 presents a range of possible skeleton weed program costs and resultant 
benefit cost ratios over 10, 20 and 20-year periods.  Base case benefit cost ratios 
appear in bold.  The program is unlikely to generate sufficient benefits to offset costs 
over 10 years even if annual costs are as low as $3.0 million per annum.  This is a 
common characteristic of weed control programs in that the rate of infestation growth 
is relatively low, so damage avoided as a result of the program’s activities takes time 
to accumulate (Cook et al., 2017).  However, over time benefits accrue to the point 
that they more than offset costs, producing a benefit cost ratio >1.  As the table 
show, even if costs are substantially larger than the base case at $7.0 million per 
annum, benefit cost ratio >1 is generated over a 30 year period. 

Table 3. Possible benefit cost ratios 

Present value of 
program costs 

($ million per year) 

Benefit cost ratio 

10 years 20 years 30 years 

3.00 0.20 2.12 7.25 

4.00 0.11 1.54 5.40 

5.18 0.07 1.15 4.13 

6.00 0.05 0.96 3.52 

7.00 0.04 0.80 3.00 

 

The break-even value of investment in the program is the amount of expenditure that 
exactly offsets the present value of benefits generated over a given period.  This 
level of funding will produce a benefit cost ratio of 1.  Assuming the investment is 
fixed in real terms throughout the life of the project, the break-even cost of the 
program over 20 years is approximately $5.6 million per year.  
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5.2. Horticultural impacts 

The effects of skeleton weed could potentially extend to certain WA horticultural 
industries if spread continues, particularly where mechanical harvesting equipment is 
used.  Carrot and potato growers, in particular, may experience increased field 
losses because of skeleton weed becoming entangled in harvesters, requiring 
additional stops to remove.  After each stop, harvesters generally require several 
metres before functioning optimally, which can lead to marketable product being 
missed by the machine (Bond, 2016). 

Carrots and potatoes are the two largest horticultural industries by value in WA, with 
gross values of production of $39.2 million and $50.4 million, respectively (ABS, 
2018b).  Carrots are grown in Lancelin and Gingin to the north of Perth, and Myalup 
and Baldivis to the south, with the combined area of 1 300 ha cultivated producing 
around 75,000 tonnes annually (ABS, 2018a, McKay, 2016).  Potatoes are mainly 
grown south of Perth (Manjimup, Pemberton, Busselton-Margaret River, Albany), but 
are also produced north of Perth (Lancelin, Gingin and Dandaragan). The combined 
area planted to potatoes annually is approximately 1 800 ha producing around 
87,750 tonnes (ABS, 2018a).  Both crops are heavily export-oriented, but markets 
will be unaffected by the presence or absence of skeleton weed in production areas. 

Figure 7 shows the estimated area of potato and carrot production affected by 
skeleton weed over time under nil management and ongoing scenarios.  By year 20, 
it is estimated that approximately 2% of the combined total area of these two crops 
will be affected under a nil management scenario, increasing to approximately 7% by 
year 30.  In comparison, the area affected is likely to remain negligible under current 
management arrangements. 

 

Figure 7.  Predicted area affected of horticultural crops affected by skeleton weed in 
WA over 30 years. 
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To avoid entanglement-related stoppages, additional herbicide treatments would be 
required to control skeleton weed as it spreads to areas of the southwest where 
carrots and potatoes are produced.  If herbicides used have costs equivalent to 
Trifluralin 480 ($4.15 per litre) applied at 1-1.8L/ha (HerbiGuide, 2020), Figure 8 
shows the expected horticultural damage costs of skeleton weed over 30 years 
under nil management and on-going eradication scenarios.  By year 20 of the 
simulation, annual damage costs under a nil management policy are estimated to be 
almost $0.6 million per year, rising to almost $1.2 million by year 30, while under an 
eradication policy they are likely to remain negligible. 

 

Figure 8.  Present value of skeleton weed damage cost to horticultural industries in 
WA over 30 years. 

Other horticultural industries are likely to remain unaffected by skeleton weed.  Pre-
emergent and post-emergent herbicide treatments used for other weeds will also be 
effective against skeleton weed, negating its effects on production.  The use of 
plastic mulch for crops such as tomatoes will also prevent skeleton weed impacts 
from becoming extensive, even under a nil management scenario. 
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6. Conclusions 
This analysis has used a bioeconomic model to predict the likely producer costs 
associated with skeleton weed in WA under a nil management scenario and an 
ongoing eradication scenario.  It is estimated that over 100,000 ha could become 
infested with the weed over the next 20 years if a nil management policy is applied, 
with resultant damage estimated to be $19.2 million per year. 

Under an eradication scenario, expected costs to producers fall to approximately 
$2.8 million per year over the same period.  With annual costs of approximately 
$5.2 million per annum, the avoided losses attributable to the skeleton weed 
eradication program produce a net present value of $15.8 million and a benefit cost 
ratio of 1.15 over 20 years.  The break-even level of investment is approximately 
$5.6 million per year. 

Results are sensitive to changes in the intrinsic rate of infestation and density 
increase and the intrinsic rate of new satellite generation, both of which are 
influenced by the spread mitigating activities of the skeleton weed eradication 
program.  The discount rate is also a highly sensitive parameter.  Although a 
discount rate of 3-7% is used in this assessment, there is no definitive answer as to 
what rate should be applied.  This has been, and remains a controversial topic in the 
context of benefit cost analysis. 

In addition to impacts on broadacre industries, effects on horticultural industries may 
also occur over time if skeleton weed is not prevented from spreading to areas of the 
southwest.  Industries that rely on mechanical harvesting equipment that can 
become jammed by weed stems could be particularly affected.  It is estimated 
damage to the carrot and potato industries could amount to around $0.6 million per 
year under a nil management scenario over 20 years.  
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Skeleton Weed Program review: Stakeholder questionnaire 

March 2020 

1. In your organisation’s opinion, how successful has the Skeleton Weed Program
been at helping landholders to contain/control skeleton weed in WA? Please
provide reasons for your response.

Click or tap here to enter text.

2. In your organisation’s opinion, should more money be directed toward skeleton
weed containment/control? Please provide reasons for your response. What
other organisations/industries (if any) should contribute to skeleton weed
containment/control in WA to achieve a better outcome?

Click or tap here to enter text.

3. How would your organisation like to see grower funds (via the GSHIFS) being
spent, in order to help contain/control skeleton weed? This might include all,
some or none of the following (please tick):

☐ Communication on skeleton weed significance, occurrence and management

☐ Identify and implementing new and/or improved surveillance and searching
technologies 

☐ Research on improving the efficacy of Lontrel and Tordon 

☐ Research on herbicide resistance to Lontrel and Tordon 

☐ Research on alternative herbicides to Lontrel and Tordon 

☐ Research on non-chemical methods of control 

☐ Development of new biocontrol agents (the rust fungus in the Eastern States 
does not work on the WA skeleton weed biotypes) 

☐ Analysis to improve understanding of how the skeleton weed situation in WA 
has changed in the last 45 years and what it might look like in another 10, 20, 
30 years 

☐ Other areas for investment (identified by your organisation – please note these 
in the comment section below) 

☐ Keep the program the same 

☐ Do not invest grower funds (via the GSHIFS) on activities directed toward 
skeleton weed 

Please provide comment on your selections, including what your organisation 
sees as the highest priority/ies. 

Click or tap here to enter text. 

Appendix 7



 

4. Skeleton weed is a declared pest under the Biosecurity and Agriculture 
Management Act 2007. It is categorised as a ‘C3 – Management’ plant in the 
Shire of Yilgarn and the Shire of Narembeen. This means landholders in these 
Shires are responsible for preventing its spread, if the weed is present on their 
land. For the rest of the WA it is a ‘C2 – Eradication’ plant. This means 
landholders are required to eradicate any plants that are found on their property. 
A C2 declaration suggests that it is feasible to eradicate skeleton weed from this 
area of WA. 

Should changes be made to the skeleton weed declaration (i.e. declared pest, 
C2/C3 category)? Please provide reasons for your response. 

Click or tap here to enter text. 

 

5. Other comments 

Click or tap here to enter text. 
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