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1 Executive Summary 

Despite the enormous cost of invasive weeds to the Australian environment and its 
economy through lost agricultural production, no comprehensive studies have previously 
been undertaken to ascertain the way that weeds spread once present within Australia, or to 
assess the relative threats or risks of different sources and pathways of spread.    

Most recently naturalised taxa are still only locally distributed, and so it is critical to identify 
the primary pathways for the spread of these, as well as more widespread weeds, so as to 
be able to prevent movement to un-infested areas. 

A review of the scientific and other literature and a survey of over 100 Australian scientific 
weed experts were undertaken to answer six specific questions. 

1.1 How do weed propagules spread within Australia? 

Twenty four sources  (sites or areas of land where weeds are actively growing and from 
which new invasions may emerge) and 17 pathways  (the means by which weed propagules 
are moved) were identified for weed spread in Australia through review of the literature.  
The 17 pathways were grouped according to: deliberate spread by humans, accidental 
spread by humans, and natural spread. 

While every effort must be made to prioritise high risk pathways of weed spread for 
management and regulation, the number and wide diversity of potential sources and 
pathways demonstrates the difficulty of the task of preventing weed spread altogether. 

1.2 Which sources and pathways account for the majority of weed 
ingress? 

The most important sources of weed propagules, according to survey respondents were 
Transport sites such as roads, railways, ports, airports and water transport sites.  Other 
important sources of weeds were Land in transition, Pasture/rangelands, Horticulture – 
ornamental and Private gardens, and Rivers. 

The Ornamental plant trade involving nursery sales and escape of garden and landscaping 
plants and attachment of seeds to passenger vehicles, slashers, farm equipment, boats and 
earth moving equipment were deemed by respondents to be the two pathways most likely to 
result in weed spread.  Over half of the respondents were also personally aware of weed 
spread via the Fodder trade, contaminated Agricultural produce, Wind, Birds and Livestock 
movement.   

1.3 Which sources and pathways currently pose the greatest risks? 

Respondents felt that all pathways have potentially high impact risk factors, though the 
specific risk factors vary between pathways.  Trade in Fodder, Ornamental plants and 
Aquarium plants, contamination of Agricultural produce and Machinery and vehicles and 
natural Water movement currently pose the greatest impact risk of weed ingress. 
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1.4 In what ways are the risks changing with changing 
environmental conditions and local trade and other patterns of 
movement? 

Respondents believe that all pathways for weed spread except one will either remain stable 
or increase in importance in the future.   

Water is likely to increase in importance because of the apparent increase in climatic 
variability (dry times followed by floods), its conduciveness for weeds, an increased focus 
on the value of water resources and their management, and the declining number of 
herbicides available for use in waterways.  

Fodder trade and Agricultural produce pathways were also assessed as becoming more 
important for weed spread because of increasing droughts associated with climate change 
and the increased need to grow more hardy fodder crops and transport more fodder into 
drought affected areas.  Such fodder is often contaminated with weed seeds.   

Machinery and vehicles were likely to increase in importance because of increasing traffic 
movements, use of contractors and increased development and fragmentation of 
landscapes, leading to further spread in more remote and core bushland areas. 

The Ornamental plant trade, as a major source of noxious weeds, was gauged as becoming 
more important because the industry continues to grow, the peri-urban sprawl is taking 
ornamental plants out into rural areas, and, because of climate change, the public is 
demanding drought adapted species for dry gardening.  However, some respondents 
thought that the importance of the trade may decrease due to increasing awareness of this 
pathway. 

1.5 How can current and emerging risks be managed? 

All pathways were thought to be inadequately controlled. This was most pronounced with 
the deliberate human spread pathways, followed by the accidental means of human spread, 
and lastly the four natural pathways of weed spread. 

Apart from Water, high-risk pathways did not feature highly in ability to avoid/overcome 
prevention and management strategies, suggesting that regu latory  and management  
strategies will have some impact on weed pathways which involve either deliberate or 
accidental spread by human beings. 

Suggestions were made as to how most individual pathways could be managed or regulated 
more effectively, though natural pathways were generally regarded as being difficult to 
regulate or manage.  Overall, the related suggestions of education, labelling, extension and 
publicity were the most common positive approach for improving regulatory effectiveness 
and management for many of the pathways covered by the survey.   

1.6 On what potential sources and pathways do we have 
insufficient information to identify their importance or to design 
management strategies? 

Lack of information on a pathway’s importance does not generally obstruct more effective 
management.  Nevertheless, the pathways which experts know least about and which may 
need further research to determine their importance in Australia are Human apparel and 
equipment, Food plant trade, Revegetation and forestry, Other animals, Waste disposal, 
Medicinal plant trade and Construction and landscaping materials.   

The pathway that stands out as having the least sufficient information to design effective 
management strategies is Birds, followed by Other [wild] animals. Other pathways lacking 
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effective management strategies, and in need of research include the trade in Medicinal 
plants, movement of weeds in Human apparel and equipment, and in Waste disposal, all 
pathways that tend to avoid detection by authorities. 

Many respondents were unaware of past research on the particular pathway on which they 
were commenting, indicating a lack of effective extension or acquisition of information, 
even at this ‘expert’ level.  This issue needs ongoing investigation, both at this level and 
that of the broader community, given the overwhelming emphasis of respondents on 
education, extension and publicity for better management of weed spread within Australia. 
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2 Introduction 

There has been considerable effort to elucidate the means by which weeds and potential 
weeds enter Australia (e.g. Groves 1997) and to assess the risks associated with importation 
of plants (Groves et al. 2001), but no comprehensive studies have been undertaken to 
ascertain the way that weeds spread once present within Australia or to assess the relative 
threats or risks (likelihood and potential magnitude) of different sources and pathways due 
to species, quantity of propagules, distance, and sensitivity of the invaded environment.  
For example, while many environmental and agricultural weeds were ornamentals that 
‘jumped the garden fence’ (Groves et al. 2005), the means by which they jump the fence 
and then move from one area to another is not well understood.  We presume we know, 
but this has not been documented.   Most recently naturalised taxa are still only locally 
distributed (Groves 1997), and so it is critical to identify the primary pathways for the 
spread of these, as well as more widespread weeds, so as to be able to prevent movement 
to un-infested areas. 

The specific research questions to be addressed in this project, therefore, were as follows. 
How do weed propagules spread within Australia? Which sources and pathways account 
for the majority of weed ingress? Which sources and pathways currently pose the greatest 
risks? In what ways are the risks changing with changing environmental conditions and 
local trade and other patterns of movement? How can current and emerging risks be 
managed? On what potential sources and pathways do we have insufficient information to 
identify their importance or to design management strategies?  Overall, the purpose of this 
research was to: 1. assess the relative risks of sources and pathways of weed ingress within 
Australia; and 2. identify ways to reduce these risks. 

Two approaches were taken to answer these questions – an analysis of past and existing 
research through collation and review of the scientific and other literature, and a survey of 
scientific experts. 

Given the wide range of sources of weeds within Australia (e.g. contaminated products, 
gardens, existing infestations across agricultural and non-agricultural environments) and 
pathways for spread (e.g. vehicles, trains, planes, hay, grain, clothes, wind, water, livestock, 
containers, soil, seeds, mail, boats and mulches – in reality anything that moves or is 
moved, e.g. Panetta and Scanlan 1995), there was no way of effectively sampling all of 
these sources and pathways in one project to quantify the level of weed ingress and 
therefore the relative risks imposed by each.  The first and foremost requirement in this 
priority area, was a desk-top study that for the first time brought together all the objective 
and anecdotal literature to identify and quantify (where possible) avenues of weed ingress. 
This was appropriate because there are a number of studies of weed spread through 
individual pathways but these have never been drawn together in an academically rigorous 
way.  And yet, effective weed management necessitates preventing weed spread.  Australian 
and international literature on weed movement was therefore collated and reviewed 
according to the various sources and pathways, as well as the effectiveness of management 
approaches to halt weed movement. Anecdotal information was also taken into account 
but more weight placed on verifiable objective evidence.  

Likewise, many people and organisations, including research and extension agencies, have 
first hand experience in the form (levels) and function (principles) of weed spread, and so it 
was appropriate to collate the experience of these individuals and organisations as the 
second major repository of knowledge of relative pathway risks for weed ingress. Weed 
experts were therefore surveyed by questionnaire to provide their experience of relative 
risks of weed ingress, the effects of changing trade patterns and environmental conditions, 
and effective management techniques.   

These two approaches were both qualitative and, where possible, quantitative, and on the 
whole resulted in the maximum amount of information on weed ingress being obtained in 
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a timely and cost efficient way.  The literature review was submitted to Land and Water 
Australia earlier in the project, but has been revised on the basis of comments and 
additional sources of information provided by several weed spread experts.  It is therefore 
attached to this report as Appendix 3. 
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3 Survey Methodology 

3.1 Survey Content 

The content of the survey of weeds professionals was heavily informed by the literature 
review. 

The literature review identified seventeen pathways of weed spread.  These pathways were 
grouped into three categories: deliberate spread by humans, accidental spread by humans, 
and natural spread.  Constructing a survey which gathered information on all seventeen 
pathways posed problems, having the potential to become such a large and unwieldy survey 
form that the response rate would fall dramatically.  It was therefore decided to address 
each pathway separately in the survey.  Respondents were given the opportunity to answer 
questions relating to up to five pathways with which they were most familiar (although many 
respondents chose to answer with respect to more than five pathways). 

In each case, respondents were given specific examples of how the pathway contributed to 
weed spread, to assist in their thinking about the pathway.  The survey included a series of 
questions where respondents were asked to rate and discuss the efficiency, importance and 
regulatory effectiveness of each pathway.  Respondents were also given the opportunity to 
identify other pathways, and review these pathways in the context of the same set of 
questions.  The survey form is included as an attachment to this report (Appendix 1). 

3.2 The Sample Frame 

The goal of this project was to assess how weed propagules spread within Australia, and 
identify techniques for minimising this spread. The survey was to be distributed to weeds 
authorities and professionals of all levels, including those working in weed control ‘on-
ground’, or as researchers. The survey sample frame was constructed with this objective in 
mind, using a non-probability ‘snowball’ sampling method, in which key contacts were 
asked to participate in the survey, and to invite or facilitate the participation of colleagues 
who were familiar with the issues. 

Using this approach, project staff initially sought and obtained permission from the CRC 
for Australian Weed Management to use their contact list of CRC associates. This list 
formed the basis of the survey sample frame. The remainder of the sample frame was made 
up of contacts arising from previous project work, and from email and internet discussion 
page contacts. An expression of interest notice was submitted on the Weed CRC’s 
Enviroweeds list server. Subscribers to the list server were asked to take part in the survey. 
Additionally, internet and telephone directory searches were conducted, and further emails 
sent, to identify other relevant professionals working for State and Territory agriculture and 
environmental management departments, as well as Catchment Management Authorities 
and Natural Resource Management organisations. These approaches all asked people to 
state their interest in participating. Only those indicating such an interest were included in 
the sample frame. For those who received the survey without prior notification, the 
covering information made it clear that contact details had been obtained from the CRC 
for Australian Weed Management’s contact list, with the CRC’s permission. 

In this way, an initial sample frame of 302 weed professionals (with email addresses) was 
constructed.  Survey recipients were also asked to forward the survey to anybody else 
whom they believed would be able to contribute. 
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3.3 The Survey 

The survey was conducted by the Institute for Rural Futures at the University of New 
England.  Since the sample frame largely consisted of individuals working for government 
departments, research organisations, or universities (many of whom have access to fast and 
reliable internet connections), it was decided to implement the survey via email.  The email 
saved respondents considerable time since they did not have to fill out and return a hand-
written survey, and allowed for fast and cost effective survey reminders.  Respondents were 
asked to address only the pathways with which they were most familiar.  The survey was 
formatted as a Microsoft Word document, to be attached to an email (see Appendix 1). 

The survey was piloted with 10 individuals randomly chosen from the sample frame, to 
evaluate survey content and the effectiveness of the email form.  The pilot survey was 
emailed on 27 September 2007, with a reminder email to non-respondents being sent out 
on 10 October.  One of the 10 email addresses no longer existed, and of the nine 
remaining individuals in the pilot group, four returned the survey.  The piloting process 
revealed no problems with the survey methodology, although there was some indication 
that the survey was too long.  Consequently, the decision was made to ask respondents to 
address a maximum of five of the pathways listed for the final survey, in order to cut down 
the time needed to complete the form.  Since this was the only change to the final survey, 
the responses to the pilot survey were included in the final data set. 

The survey was emailed on 21 November 2007.  Despite every effort to ensure that the 
contact details in the sample frame were up to date, eighteen surveys arrived back ‘return to 
sender’, having been sent to email addresses which no longer existed, or to people who had 
moved to another job.  Three people indicated that they were too busy to participate, and 
five were on leave during the survey period.  A further seven people indicated that they had 
insufficient experience to complete the survey.  Consequently, thirty-three members of the 
initial sample frame had indicated in one way or another their inability to participate in the 
survey, and were excluded from reminder emails. 

Individuals who had not responded by 30 November were sent a reminder email, asking 
them again to contribute their expertise to the study.  A second reminder was sent on 10 
December, and a final ‘close of survey’ reminder was sent on 14 December.  To boost the 
final number of responses, the final reminder asked respondents to address only one of the 
pathways in the survey form – the one with which they had the most experience.  
Nonetheless, respondents returning a survey after this reminder was sent generally chose to 
address more than one pathway.  Respondents were asked to return their completed survey 
via email, to the Institute for Rural Futures.  Two people were unable to complete the 
survey on their computer, and completed a paper copy instead. 

Of all responses, seven were received due to the snowball method used (although some of 
these respondents completed the survey on behalf of a colleague whose details were on the 
original sample frame).  The snowball approach resulted in a final sample frame of 309, 
from which 107 survey responses were obtained. 

3.4 Conducting a Survey via Email 

This was the first time the researchers involved in this project had undertaken a survey 
exclusively via email.  However, given the size of the survey, the fact that it coincided with 
a busy time of year for most people, and the relatively high response rate, the email survey 
appears to have been very successful. 

There are potential drawbacks to undertaking a survey using email as the only form of 
contact.  Many people, particularly householders, may not be familiar enough with 
computers to complete such a survey successfully – in this case, there is greater potential 
for mistakes to be made by respondents when filling in a computerised survey as compared 
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with a paper survey, creating inaccuracies in the final data set.  The increasing amount of 
‘spam’ email in people’s inboxes can make a survey email (particularly one with a file 
attached) appear to be just another junk message to be deleted.  Many people, particularly 
those in rural areas, do not have fast and reliable internet connections. 

In this case, however, we believed that email represented the most efficient way to reach 
the target response group.  As (primarily) government and university employees, nearly all 
would have reliable internet access.  Given their job position and access to email, it was 
believed that all members of the sample frame would have sufficient computer literacy to 
complete the survey.  Similarly, many would appreciate being able to fill in the survey on 
their computer rather than on paper, as it is easier to make changes, and often quicker to 
type answers than to write them.  The legitimacy of the survey email was made clear 
through the sender’s address (surveys@une.edu.au), and reference to Land & Water 
Australia, the ‘Defeating the Weed Menace’ program, the CRC for Weed Management, and 
the University of New England.  Finally, being able to save the Word document meant 
respondents could complete the survey in a number of sittings. 

It was believed that setting up this survey form as a Microsoft Word document had the 
potential to reach the widest audience, as this is a widely used application.  Clear 
instructions were provided on the front pages of the survey document, and contact details 
for project staff provided in case of problems.  Very few problems with the survey form 
were reported, and only one respondent was unable to complete the form, not having 
access to Microsoft Word (this respondent was happy to complete the survey on paper 
instead). 

An email survey is an effective way to reach members of a motivated and computer literate 
sample frame.  Other computerised survey options, such as Microsoft Excel, Adobe 
Acrobat PDF, and even online (web page) forms, are equally worthwhile alternatives to 
traditional mail surveys, depending on the characteristics of the population being studied. 

3.5 Analysis of the Data 

Data analysis was conducted using Microsoft Excel, SPSS and R.  Code frames were 
created, and written responses coded where appropriate, to facilitate quantitative analysis of 
qualitative data.  Frequencies, percentages and means were produced from the quantitative 
data. 

The first section of the survey asked respondents to indicate their employer/organisation, 
state and post code, position title, specialty/expertise, and geographical area of 
responsibility. 

It was initially hoped that some of these categories might be used to conduct more detailed 
analysis of survey data to identify significant trends – for example, by cross-tabulating the 
importance of various weed sources with the geographical area of expertise of respondents. 

Analysis of this type was tested.  However, due to the relatively small data set, and more 
particularly the large variety of coded responses that emerged from the categories listed 
above, cross-tabulation did not provide meaningful results.  Nonetheless, the analysis 
conducted did highlight significant trends in the data. 

3.6 The Report 

The report addresses the questions identified in the initial research proposal.  Four 
appendices are included.  The first includes the survey form (instrument) (Appendix 1), the 
second the tables of verbatim responses to the written questions (Appendix 2), the third 
includes the revised literature review (Appendix 3), and the fourth a pictorial summary of 
pathway capabilities (Appendix 4). 
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4 Response rate and profile of survey 
respondents 

From a final sample frame of 309 Australian weed professionals, 107 survey responses 
were obtained.  Excluding the 33 non-participants mentioned earlier, this was a response 
rate of 38.8%. 

Weed experts came from a range of groups including local, state, territory and federal 
governments, CMA and Landcare and universities (Table 4.1).  Most were either 
academics, researchers, specialist weed managers or field weeds officers (Table 4.2).  Their 
expertise was spread more or less equally across both agricultural and environmental weeds 
with particular emphasis on noxious and invasive species and weed and pest management.  
Respondents also had expertise in plant ecology, legislation, compliance and weed risk 
assessment (Table 4.3).   

Over 10% of respondents had a national focus, 17% a state or territory-wide focus, 
whereas the geographical focus of other respondents covered urban, temperate, tropical, 
cropping and semi-arid areas (Table 4.4), representative of most land types in Australia.   
All States and Territories were represented with the majority of respondents being located 
in NSW and Queensland (Table 4.5 and Figure 4.1). 

This spread of expertise of respondents gave us considerable confidence in the results of 
the survey, that as far as possible it was unbiased and objective with a range of views 
expressed. 

 

Table 4.1 Organisation/Affiliation 

Organisation/Affiliation (count of respondents) 

Local Government 19 

Agriculture Dept (State/Territory) 37 

Environment Dept (State/Territory) 7 

Federal Government 3 

Research 1 

University 12 

CSIRO 2 

CRC 4 

CMA/NRM 8 

Landcare/Community 7 

Commercial/Contractor 4 

Other 3 

Total 107 

 

Table 4.2 Position Title 

Position Title (count of respondents) 

Academic 10 

Scientist/Researcher 29 

Manager/Coordinator 24 

Project/Weeds Officer 33 

Agronomist 3 

Other 5 

Not Answered 3 

Total 107 
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Table 4.3 Specialty/Expertise 

Specialty/Expertise (count of respondents) 

NRM/Environmental Weeds 19 

Agricultural Weeds and Herbicide Resistance 13 

Policy/Legislation/Compliance 7 

Weed Ecology 5 

General Ecology 7 

Weed and Pest Management 15 

Biological Control 6 

Aquatic Weeds 3 

Noxious/Invasive Species 16 

Weed Risk Assessment 4 

Other 7 

Not Answered 5 

Total 107 

 

Table 4.4 Geographical Area of Responsibility 

Geographical Area of Responsibility (count of 
respondents) 

National 11 

State/Territory All 18 

Urban/Metropolitan 9 

Semi-Arid Rangelands 8 

Temperate 30 

Tropical 11 

Temperate Cropping 10 

Other 4 

Not Answered 6 

Total 107 

 

Table 4.5 State 

State (count of respondents) 

ACT 3 

NSW 34 

NT 3 

QLD 30 

SA 11 

TAS 4 

VIC 9 

WA 13 

Total 107 
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Figure 4.1 Distribution of Respondents by Post Code 
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5 Weed Sources 

In terms of the survey, a weed source was defined as differing from a pathway  in that it is 
not the means of moving weeds.  It is a site or area of land where weeds are actively 
growing and from which new invasions may emerge (Table 5.1). 

Transport sites such as roads, railways, ports, airports and water transport sites were the 
most important source according to survey respondents, as indicated by both mean ratings 
(Figure 5.1) and percentages (frequencies) (Table 5.2).   

Other important sources of weeds were Land in transition, Pasture/rangelands, 
Horticulture – ornamental and Private gardens, and Rivers, all of which had mean ratings 
above 3.0 (Figure 5.1) and frequencies of respondents regarding them as ‘Very Important’ 
of greater than 40% (Table 5.2). 

Given the interest shown in Ornamental and Aquarium plant trade in the pathways section 
of the survey, it is not surprising that Horticulture – ornamental had the second highest 
number of survey respondents (54.7%) rating it as Very Important.  A related source, 
Private gardens, was likewise rated highly. 

The similar importance attributed to Land in transition (51.9%), including degraded, 
abandoned and unused land, shows that lack of management of some kind is likely to lead 
to weed proliferation and that such sites require attention to minimise the risk of weed 
spread. 

Moving water (Rivers and Channels/aqueducts) was rated much more important than still 
water (Lakes and Dams/reservoirs, and Marsh/wetlands) as weed sources. 

Utilities, Cropping and Waste treatment and disposal sites (Table 5.1) were considered of 
moderate importance as weed sources (Figure 5.1 and Table 5.2) whereas respondents 
seemed to be relatively ambivalent or undecided about the importance of Defence and 
Mining sites as sources of weed spread, as indicated by the larger numbers of ‘Unsure’ 
responses for these categories (Table 5.2).  Both of these sites would have restricted access 
to the public and presumably most weed professionals, which may account for their 
undecidedness.  Such sites may need further investigation. 

Research and Manufacturing and service sites were regarded as two of the least important 
weed sources with relatively high percentages of respondents labelling them as Not 
important (21.7 and 26.4% respectively) (Table 5.2). 

The importance of certain sources for weeds varied between States and Territories, but 
overall showed considerable consistency (Table 5.3). 

Many of the ‘Other’ sources listed by respondents (Table 5.4) appeared in the ‘Pathways’ 
section of the survey, which shows either some confusion over the difference between 
sources and pathways or that it is difficult to separate the two in practice, forming a 
continuum for weed spread. While every effort must be made to prioritise high risk 
pathways of weed spread for management and regulation, the number and wide diversity of 
potential sources shows the difficulty of the task of preventing weed spread altogether. 

Respondents had the opportunity to comment further with regard to weed sources in 
Australia and these responses are listed in Appendix 2 of this report. 
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Table 5.1 Sources of Weeds 

Sources Of Weeds 

Nature conservation (nature reserves, national parks, flora and fauna reserves, traditional/indigenous land, 
other protected landscapes) 

Minimal use (stock route, residual native cover, rehabilitation etc.) 

Land in transition (degraded, abandoned, unused land) 

Forestry (native and planted forests) 

Cropping (dryland and irrigated) 

Horticulture – edible (fruit, nuts, bulbs, roots, seeds, berries, herbs, vegetables, etc.) 

Horticulture – ornamental (fresh flowers, garden plants, aquarium plants, bulbs and seeds, etc.) 

Pasture/rangelands (cattle, sheep, dairy, goats, etc.) 

Intensive animal use (feedlots, pigs, poultry, saleyards, aquaculture, etc.) 

Private gardens (includes water gardens and aquariums) 

Public gardens (botanic, civic, zoos, schools, water gardens etc.) 

Utilities (sites used for energy or telecommunication i.e. for generation, storage, transmission) 

Mining (mines, quarries, tailings, etc.) 

Transport (roads, railways, ports and water transport, airports etc.) 

Waste treatment and disposal (landfill, green waste, stormwater, sewage, etc.) 

Manufacturing and services (commercial centres and industrial estates) 

Research (plant research and development facilities) 

Defence (land owned or managed by the Australian Defence Forces) 

Lake (natural body of standing water) 

Reservoir/dam (artificial body of standing water) 

River (natural water courses, streams, creeks, etc.) 

Channel/aqueduct (artificial water courses for supply or drainage) 

Marsh/wetland (ephemeral and permanent) 

Estuary/coastal waters (beach, dunes, mangroves, etc.) 
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Figure 5.1 Importance of each weed source – Mean Rating 
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Table 5.2 Importance of each weed source (% of responses) 

 

Importance of each weed source (% of responses)  

 Very 
Important  

Important  Slig ht l y 
Important  

Not  
Important  

Unsure n 

Transport 67.3% 28.0% 3.7% 0.9% 0.0% 107 

Horticulture – ornamental 54.7% 25.5% 7.5% 6.6% 5.7% 106 

Land in transition 51.9% 32.1% 11.3% 1.9% 2.8% 106 

Private gardens 47.7% 36.4% 13.1% 0.9% 1.9% 107 

River 44.9% 43.0% 10.3% 0.9% 0.9% 107 

Pasture/rangelands 43.9% 47.7% 5.6% 0.9% 1.9% 107 

Utilities 26.2% 29.9% 32.7% 2.8% 8.4% 107 

Cropping 24.3% 31.8% 23.4% 15.0% 5.6% 107 

Channel/aqueduct 24.3% 39.3% 18.7% 7.5% 10.3% 107 

Public gardens 18.9% 30.2% 36.8% 10.4% 3.8% 106 
Waste treatment and 
disposal 18.7% 36.4% 27.1% 6.5% 11.2% 107 

Horticulture - edible 15.9% 29.9% 33.6% 13.1% 7.5% 107 

Forestry 14.0% 37.4% 36.4% 10.3% 1.9% 107 

Minimal use 13.1% 38.3% 35.5% 7.5% 5.6% 107 

Defence 13.1% 28.0% 30.8% 10.3% 17.8% 107 

Intensive animal use 13.1% 22.4% 35.5% 18.7% 10.3% 107 

Research 12.3% 26.4% 29.2% 21.7% 10.4% 106 

Nature conservation 12.1% 27.1% 42.1% 15.0% 3.7% 107 

Mining 11.2% 29.9% 31.8% 10.3% 16.8% 107 

Marsh/wetland 10.3% 34.6% 33.6% 10.3% 11.2% 107 

Estuary/coastal waters 9.5% 28.6% 34.3% 14.3% 13.3% 105 

Reservoir/dam 7.5% 30.8% 38.3% 15.9% 7.5% 107 

Manufacturing and services 5.7% 14.2% 40.6% 26.4% 13.2% 106 

Lake 5.6% 29.9% 34.6% 17.8% 12.1% 107 

Other sources 60.6% 30.3% 9.1% 0.0% 0.0% 33 

 



 

University of New England | September 2008 | 21 

Table 5.3 Importance of each weed source by State or Territory 

Importance of each weed source by State or Territory 

(Mean rating, where 1 = 'Not Important', and 4 = 'Very Important') 

  QLD NSW  ACT VIC TAS  SA  WA  NT Tota l n  

Transport 3.57 3.71 3.67 3.67 4.00 3.55 3.54 3.00 3.62 107 

Land in transition 3.46 3.12 3.67 3.78 3.75 3.18 3.46 3.67 3.38 103 

Pasture/rangelands 3.38 3.33 3.00 3.56 3.75 3.27 3.54 2.67 3.37 105 

Horticulture - ornamental 3.28 3.30 2.67 3.75 3.25 3.27 3.67 3.67 3.36 100 

Private gardens 3.43 3.09 4.00 3.56 3.75 3.00 3.54 3.33 3.33 105 

River 3.37 3.36 3.00 3.56 2.50 3.36 3.31 3.33 3.33 106 

Channel/aqueduct 2.89 2.83 2.67 3.25 2.00 3.00 3.09 3.00 2.90 96 

Utilities 3.07 2.65 3.50 2.88 3.00 2.80 2.92 2.67 2.87 98 

Waste treatment and disposal 2.74 2.70 3.00 2.89 3.33 2.44 3.08 2.00 2.76 95 

Cropping 2.66 2.53 2.00 2.75 2.75 2.73 3.31 2.33 2.69 101 

Minimal use 2.63 2.73 2.33 2.56 2.50 2.50 2.54 2.00 2.60 101 

Public gardens 2.90 2.27 2.33 2.57 2.25 2.60 3.00 2.33 2.60 102 

Forestry 2.48 2.59 2.67 2.56 2.50 2.55 2.75 2.33 2.56 105 

Horticulture - edible 2.52 2.24 2.00 3.11 2.50 2.50 2.92 2.67 2.53 99 

Defence 2.74 2.26 2.33 3.14 2.50 2.55 2.50 2.33 2.53 88 

Mining 2.79 2.12 1.00 2.88 3.00 2.50 2.64 2.00 2.51 89 

Marsh/wetland 2.70 2.38 2.00 2.88 2.00 2.00 2.75 2.67 2.51 95 

Nature conservation 2.63 2.39 2.67 2.67 2.25 1.82 2.23 1.67 2.38 103 

Estuary/coastal waters 2.32 2.25 2.50 2.88 3.00 2.45 2.40 1.67 2.38 91 

Intensive animal use 2.48 2.23 1.50 2.62 2.50 1.90 2.67 1.50 2.33 96 

Research 2.38 1.86 1.33 2.62 1.33 2.70 3.08 3.50 2.33 95 

Reservoir/dam 2.61 2.32 2.00 2.50 1.75 1.60 2.33 2.67 2.32 99 

Lake 2.35 2.32 2.33 2.75 1.75 1.40 2.50 2.33 2.27 94 

Manufacturing and services 1.96 1.86 1.00 2.22 2.00 1.90 2.31 2.00 1.99 92 
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Table 5.4 Other Weed Sources 

Other Weed Sources 

Sourc e Rat ing  

Abandoned orchards/plantations   Important 

Ag machinery   Important 

Airports   Important 

Animal movement   Very Important 

Aquatic Plant traders  Very Important 

Area around farm equipment sheds at farms   Slightly Important 

Birds Very Important 

Community weekend markets Very Important 

Deliberate introduction   Important 

Docks Important 

Domestic animal spread Very Important 

Farm Machinery Very Important 

Fund raising events through groups, schools etc via catalogues Very Important 

Herbicide tolerant GM crops  Important 

Herbicide tolerant GM crops  not rated 

Introduced pasture species Important 

Market sellers, plant nurseries  Important 

Native or feral animals   Very Important 

Neglected private land Important 

Nursery industry Very Important 

Other infrastructure Very Important 

Oversees contaminated products  Important 

Powerline easements Slightly Important 

Quarries   Very Important 

Quarries as source of contaminated material Very Important 

Road Maintenance (Grading, Mowing, etc   Very Important 

Roads   Very Important 

Roadworks and civil construction Very Important 

School and church fairs/ markets   Very Important 

Soil conservation   Very Important 

Stock feed Very Important 

Transported Produce and seed Very Important 

Vegetation regeneration sites   Slightly Important 

Wild animal spread   Very Important 

Wind - rubber vine  not rated 
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6 Weed Pathways 

6.1 Awareness 

For each potential pathway for weed spread identified through the literature review and 
included in the survey (Table 6.1), respondents were asked whether they were aware of 
instances where this pathway is a factor in weed spread.  The question was primarily 
intended to draw respondents into answering further questions only on pathways for which 
they were familiar.  However, the response also provides some indication of awareness of 
different pathways amongst weed experts, and of the prevalence or importance of each 
pathway.  As explained in the survey instrument, while every effort was made to define 
pathways so that they were mutually exclusive, there was inevitably some overlap between 
some pathways. 

The ornamental plant trade involving nursery sales and escape of garden and landscaping 
plants (80.4%) and machinery and vehicles involving attachment of seeds to passenger 
vehicles, slashers, farm equipment, boats and earth moving equipment (78.5%) were the 
two pathways that stood out above the rest as being factors in weed spread amongst the 
respondents (Figure 6.1).  The first is a deliberate means of spread by human beings, the 
second an accidental means of spread.  Over half of the respondents were also personally 
aware of weed spread via the fodder trade (deliberate), contaminated agricultural produce 
(accidental), wind (natural), birds (natural) and livestock movement (accidental). 

Although not as apparent, a considerable percentage of expert respondents, ranging from 
13.1% to 43.9%, were aware of cases of weed spread via all the other identified pathways.  
As shown in later figures, information on each weed pathway in the survey was provided 
by at least 15 respondents with the majority of pathways being completed by 35 
respondents and up to as high as 87 respondents.  This coverage of the pathways again 
gives us confidence in the objectivity of the results. 
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Table 6.1 Pathways for Weed Spread arising from a Review of the Literature 

Pathways for Weed Spread arising from a Review of the Literature 

Delib er at e Spread b y Humans  

1. Ornamental plant trade Through nursery sales and escape of garden and landscaping plants. 

2. Aquarium plant trade Through sales at nurseries, pet shops and escape into waterways. 

3. Medicinal plant trade 
Plants propagated and sold in nurseries and among alternative medicine 
enthusiasts. 

4. Food plant trade Plants grown and promoted as food for humans. 

5. Fodder trade Sales and planting of fodder plants for livestock grazing. 

6. Revegetation and forestry Planting for soil conservation and to produce timber. 

Acc identa l Spread b y Humans  

7. Human apparel and equipment Attachment of seeds to clothes and footwear. 

8.  Machinery and vehicles 
Attachment of seeds to passenger vehicles, slashers, farm equipment, boats, 
and earth moving equipment. 

9. Construction and landscaping 
materials Contamination of gravel, soil, sand, mulch and turf. 

10. Agricultural produce Contamination of hay, grain and pasture seed. 

11. Research sites Escape from research sites. 

12. Livestock movement Through faeces or attached to livestock such as sheep, cattle, horses and goats. 

13. Waste disposal Unsafe dumping of garden refuse and aquarium plants. 

Natura l Spr ead   

14. Birds Through consumption and excretion of seeds and fruits. 

15. Other animals 
Through consumption and excretion of seeds and fruits, and external 
attachment to native and introduced wildlife. 

16. Wind Distribution of wind blown seeds. 

17. Water Distribution of seeds or plant parts via waterways. 
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Figure 6.1 Awareness of instances where pathway is a factor in weed spread 
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6.2 Other Pathways 

Only three respondents identified pathways additional to those identified during the 
literature review (Table 6.2).  One of these, ‘Failure of government agencies…’ was stated 
but not addressed in the survey pathway questions.  While potentially being a factor in 
weed spread it is not strictly speaking a pathway for weed spread.  Likewise, ‘Crop and 
herbicide rotation…’ may affect weed spread but is not strictly a pathway as defined in this 
project.  The Mail order pathway was meant to be included in the Ornamental plant trade 
but that was not clear in the survey form.  Nevertheless, where relevant, responses to the 
latter two ‘pathways’ have been reported in the figures and tables in this report, though 
their small number of respondents reduces their relative reliability.  Written responses are 
included in full in Appendix 2.  

 

Table 6.2 Other Pathway Name 

Other Pathway Name 

Mail order 
Failure of government agencies, Fed, State & Local to lead by example. Local Councils especially see funding 
Weed Management as unimportant. * 

Crop and herbicide rotation can increase the invasion potential of some species. 

* This pathway was identified by the respondent but not addressed in the pathway questions. 
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6.3 Pathway Characteristics 

This project sought to determine which sources and pathways account for the majority of 
weed ingress and which sources and pathways currently pose the greatest risks in Australia. 

Respondents were therefore asked to rate pathways according to a number of 
‘characteristics’ or ‘capabilities’, on a scale of 1 to 5, where 1 was equivalent to ‘Low/Non-
Existent Capability’, and 5 equivalent to ‘High Capability’.  If respondents were not sure, 
then they were given the option to respond ‘Unsure’. 

Eight pathway characteristics/capabilities were included in this question. 

 Ability to transport weeds quickly over long distances (>1km) 

 Ability to transport a high diversity of weed species 

 Ability to transport large numbers of weed propagules (of one or more species) in a 
single event 

 Ability to transport weeds frequently (making it a regular/ongoing instead of occasional 
event) 

 Hospitability to weeds (able to deliver live plants or viable propagules) 

 Ability to introduce weeds into hospitable environments 

 Ability to avoid/overcome prevention and management strategies 

 Ability to transport weeds into sensitive areas (e.g. areas where the weed may have a 
high impact) 

The responses to the pathway characteristics questions are presented below as mean ratings 
of each characteristic, for each pathway included in the survey. 
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6.3.1 Long distance transport 

Most pathways were rated by respondents as being capable of transporting weeds over 
distances of greater than 1km in a short space of time.  All except Wind, Other animals, 
Waste disposal, Revegetation and forestry and Research sites received a mean rating of 
greater than 4.0 (Figure 6.2). 

The pathways considered by respondents to have the highest capabilities of rapid long 
distance transport were the Fodder trade (4.77), Agricultural produce (4.77), Machinery and 
vehicles (4.67) and the Ornamental plant trade (4.61) (Figure 6.2). 

 

Figure 6.2 Ability to transport weeds quickly over long distances 
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6.3.2 Transport of a high diversity of weed species 

The Ornamental plant trade (4.3), Agricultural produce (4.07), Fodder trade (4.06) and 
Machinery and vehicles (3.93) were again rated highly, this time for their capability of 
transporting a high diversity of weed species.  Waste disposal (4.0), involving the unsafe 
dumping of garden refuse and aquarium plants, also received a relatively high mean rating 
(Figure 6.3). 

The four natural pathways, Water, Birds, Wind and Other animals, were all rated similarly 
as having lower capabilities than Human apparel and equipment, Construction and 
landscaping materials, and Livestock movement, for transporting a high diversity of weed 
species (Figure 6.3). This rating reflects the more specialised nature of weed adaptations 
needed for natural spread compared with accidental contamination of materials, produce, 
equipment and livestock associated with human activities. 

 

Figure 6.3 Ability to transport a high diversity of weed species 
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6.3.3 Transport of large numbers of propagules 

Deliberate trade in Fodder was regarded by respondents as having the greatest capability to 
transport a large number of weed propagules of one or more species in a single event (a 
mean rating of 4.41) (Figure 6.4), given that this involves sales and planting of fodder 
plants for livestock grazing, often on a large scale.  Accidental contamination of 
Agricultural produce (e.g. hay, grain and pasture seed) ranked second in importance for this 
capability (4.30).  

Of the natural pathways, Water (4.02) and Wind (3.86) were considered relatively capable 
of transporting large numbers of propagules, whereas Birds (2.71) and Other animals (2.77) 
posed a considerably smaller risk in this regard.  

Other pathways posing moderate to high risks of spreading large numbers of propagules 
included trade in Aquarium (4.02) and Ornamental plants (3.88), Waste disposal (3.98), 
contaminated Construction and landscaping materials (3.90), and Machinery and vehicles 
(3.89) (Figure 6.4). 

 

Figure 6.4 Ability to transport large numbers of weed propagules (of one or more species) in a 
single event 
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6.3.4 High frequency transport 

All but four pathways were rated highly (a mean of 3.5 or greater) for their ability to 
transport weeds frequently (making it a regular or ongoing instead of an occasional event).  
The four relatively low risk pathways for this capability were Medicinal plant trade (2.93), 
Revegetation and forestry (2.8), Other pathways (2.5) and Research sites (2.12) (Figure 6.5). 

Although rated lowest for the number of propagules spread in a single event (Figure 6.4), 
Birds (4.04) were rated second highest behind Machinery and vehicles (4.09) in terms of the 
frequency of transport. Contaminated Agricultural produce and Construction and 
landscaping materials and trade in Fodder, Aquarium and Ornamental plants were again 
rated as high risk pathways. 

 

Figure 6.5 Ability to transport weeds frequently (making it a regular/ongoing instead of 
occasional event) 
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6.3.5 Hospitability to weeds when transported 

All pathways were considered by the surveyed weed experts to be moderately to highly 
hospitable to weeds (with mean ratings of 3.22 and above), in that they were able to either 
deliver live plants or viable propagules to a new site (Figure 6.6).  In other words, the 
pathway itself was not highly deleterious to the survival of the weed propagules.  
Understandably, trade in Ornamental (4.43) and Aquarium (4.30) plants rated highest 
amongst the pathways for this characteristic, given that much care is usually taken in the 
husbandry of these relatively high value products. 

Of the natural means of spread, Water (4.05) was also assessed as being highly hospitable 
to weed propagule survival. 

 

Figure 6.6 Hospitability to weeds (able to deliver live plants or viable propagules) 
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6.3.6 Transport into hospitable environments 

Even more so than with the means of transport itself, respondents assessed that all 
pathways had a relatively high capability to introduce weeds into hospitable environments 
for their continued survival and therefore for their reinfestation of that site and further 
spread.  All pathways had a mean rating of 3.58 or greater (Figure 6.7). 

 

Figure 6.7 Ability to introduce weeds into hospitable environments 
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6.3.7 Avoidance of prevention and management strategies 

All pathways had mean ratings of greater than 3.0 for their ability to avoid or overcome 
prevention and management strategies, highlighting the difficulties associated with reducing 
weed spread.  However, the trade in Medicinal plants (4.36) was the highest rated pathway 
for this capability (Figure 6.8).  The Medicinal plant trade involves the deliberate 
propagation and sale of medicinal plants in nurseries and among alternative medicine 
enthusiasts.  Other forms of trade that have otherwise been considered of high risk, such as 
Ornamental and Fodder trade were rated lower for this capability. 

All four pathways associated with natural spread of weeds were believed to have high 
capabilities for avoiding or overcoming prevention and management strategies i.e. Water 
(4.17), Wind (4.32), Birds (4.33) and Other animals (4.35) (Figure 6.8), reflecting the fact 
that these are pathways that are particularly difficult to regulate and manage.  
Contamination of Human apparel and equipment (3.96) was also rated more highly for this 
capability than for most other capabilities for this reason. 

 

Figure 6.8 Ability to avoid/overcome prevention and management strategies 
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6.3.8 Transport into sensitive areas 

Respondents felt that all pathways had a relatively high capability to transport weeds into 
sensitive areas such as high-value, pristine environmental areas where they may have high 
impact.  Natural spread pathways of Birds (4.76), Other animals (4.64), Water (4.63) and 
Wind (4.28) were again rated most highly for this capability, presumably because of 
relatively unrestricted access for these agents into such areas, as well as the Aquarium plant 
trade, due also to ready access of water and the sensitivity of riverine systems for 
environmental health (Figure 6.9). 

Waste disposal (4.38) and Human apparel and equipment (4.19) also had high capabilities 
in this area, presumably because dumping of garden refuse and aquarium plants occurs in 
native bushland and riverine systems, and because people on foot have relatively high 
access into sensitive areas such as national parks, through walking trails and the like. 

 

Figure 6.9 Ability to transport weeds into sensitive areas (e.g. areas where the weed may 
have a high impact) 
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6.3.9 Capabilities combined 

Respondents overall felt that al l  pathways have a relatively high capability for each of the 
characteristics addressed in the survey – few of the pathways had a mean rating under 3, 
the mid-point score, in each assessment.  

Trade in Fodder, Ornamental plants and Aquarium plants, contamination of Agricultural 
produce and Machinery and vehicles and natural Water movement feature as having a high 
capability in many of the pathway characteristics charts above (
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Figure 6.10), suggesting that these pathways currently pose the greatest risk of weed 
ingress.  However it needs to be noted that the overall rating, when capabilities are 
weighted equally, does not differ greatly between many of the pathways. 

It is conceivable that in the future, capabilities could be weighted according to perceived 
importance and this may alter the relative risk levels of the different pathways. 

Apart from Water, these high-risk pathways did not feature as highly in ability to 
avoid/overcome prevention and management strategies (Figure 6.8), suggesting that 
current regulatory and management strategies have some impact on weed pathways which 
involve either deliberate or accidental spread by human beings (see later discussion). 

Revegetation and forestry and Research sites have overall been given a relatively low 
capability rating in each of the characteristics addressed in the survey (Figure 6.10).  This 
might suggest that these pathways are adequately regulated (especially Research sites) (see 
later discussion). 

Appendix 4 provides a pictorial summary of the capabilities of each of the pathways. 
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Figure 6.10 Overall pathway capability – Mean Rating & Standard Deviation 
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6.4 Regulation of Pathways 

For each pathway included in the survey, question 3 asked respondents whether this 
pathway was regulated for weeds in any way, and if yes, how. 

The responses show that the most regulated weed pathways are in the areas of deliberate 
spread in the plant trade, machinery movement and agricultural sectors (Figure 6.11).  
Unsurprisingly, natural pathways of weed spread are the least regulated. 

 

Figure 6.11 To the best of your knowledge, is this pathway regulated for weeds in any way? 

 

 

Respondent comments on how these pathways are regulated are provided in full in 
Appendix 2, and are listed according to the relevant State and Territory of the respondent, 
though here they are discussed overall.  Examination of comments at a specific State and 
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Territory level could be pursued at a later date, along with suggested improvements at 
question 5(a). 

To allow this qualitative data to be presented in chart form, a code frame was established, 
allowing each written response to be categorised according to the codes.  In many cases, 
the responses corresponded with more than one of the codes.  Allowance was made 
therefore for individual responses to be coded under up to three separate codes.  
Consequently, the number of coded responses indicated in each chart is often more than 
the number of respondents who addressed the question with respect to a particular 
pathway. 

The summary of these responses after coding are presented below. 
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6.4.1 Ornamental plant trade 

According to respondents, the Ornamental plant trade pathway of weed spread is primarily 
regulated through legislation, particularly weed declaration and prohibition of certain 
species from sale, with associated inspections of nurseries and other resellers by 
government officers.  There are also a range of voluntary codes and protocols and 
education programs (Figure 6.12) such as those that promote the growing of native plants 
(Appendix 2).  There was a general feeling amongst the weed experts that while much 
progress has been made in regulating this pathway, that more can yet be done as some 
species still “slip under the radar” and are not necessarily treated the same between States or 
Territories, e.g. ornamental honey locust that can be sold in NSW while Queensland 
attempts to eradicate it. 

 

Figure 6.12 Ornamental Plant Trade: How is the pathway regulated for weeds? 
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6.4.2 Aquarium plant trade 

The Aquarium plant trade appears to be regulated through legislation and weed 
declarations that involve prohibition of sale of certain aquatic weed species, but apparently 
less so by voluntary codes and protocols (Figure 6.13) than the Ornamental plant trade 
(Figure 6.12).   One respondent claimed that the “only regulation in place is inspections of 
waterways.  This is inadequate, as it is always after the fact that the plants have been dumped in the rivers, 
etc.  There needs to be more regulation in the shops.” (Appendix 2). A lower percentage of 
respondents were aware of education/information programs for the Aquarium plant trade 
than for ornamental plants. 

 

Figure 6.13 Aquarium Plant Trade: How is the pathway regulated for weeds? 
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6.4.3 Medicinal plant trade 

Although fewer respondents knew about regulation in the Medicinal plant trade weed 
pathway than for other pathways, regulation resided principally in the form of legislation 
and weed declaration.  Few other activities were apparent (Figure 6.14).  Two comments of 
respondents are worth noting. 

 “Because of the huge conflicts of interest, industry speculation in some cases, and the small size of the trade 
in other cases, little is done about this group of species.” 

 “While this trade should be regulated the same as the nursery trade, it manages to combine a significant 
underground element in its trade in plant materials, as many members of the herbal trade do not consider 
the bans on many species to apply to them, as they need them for medicinal purposes.  In fact, there is at 
times some pride amongst herbalists that they have, or have access to, quarantine species that they know are 
illegal to own and import.” (Appendix 2). 

 

Figure 6.14 Medicinal Plant Trade: How is the pathway regulated for weeds? 
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6.4.4 Food plant trade 

Although based on a relatively small number of responses, the Food plant trade was 
thought to be regulated for weeds in a variety of ways, including legislation/weed 
declaration, quarantine, border checks and weed risk assessment by Biosecurity Australia 
(Figure 6.15).  One respondent said that regulation only occurs where “the species is declared, 
and because of the conflicts of interest, and interest in diversification to help farmers, this is really difficult to 
achieve.”  Another respondent said that “WA legislation is very tight with respect to bringing any 
plant into WA. Australian quarantine is improving all the time. There have also been initiatives, such as 
replacing alligator weed with more suitable species amongst Sri Lankan groups in Melbourne.” 
(Appendix 2). 

 

Figure 6.15 Food Plant Trade: How is the pathway regulated for weeds? 
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6.4.5 Fodder trade 

Based on the comments made in Appendix 2 for this question, some respondents 
obviously included in this pathway contamination of fodder by weeds (more in line with 
the pathway Agricultural produce) as well as the sale for planting of the fodder species 
themselves.  Such overlap between pathways was inevitable to some extent.  Nevertheless, 
it is apparent that legislation involving the ban of sale of declared weeds is the main form 
of regulation with regard to fodder trade (Figure 6.16) and one respondent noted “Some 
former pasture introductions are now on noxious weeds lists, and there are some voluntary agreements.” 
(Appendix 2). 

 

Figure 6.16 Fodder Trade: How is the pathway regulated for weeds? 
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6.4.6 Revegetation and forestry 

There were again few responses in regards to regulation of Revegetation and forestry with 
regard to weed pathways, however legislation was highlighted (Figure 6.17).  Two 
informative comments from respondents were that “Most control orders for declared weeds would 
dictate that weeds are controlled on forestry land, [and I] assume regular importation/permitted seed list 
regulations pertain to potential weeds that may emerge from forestry species.” and “Governments now 
restrict the use of known weed species for soil conservation purposes, e.g. bitou bush, Rhodes grass.” 
(Appendix 2). 

 

Figure 6.17 Revegetation and Forestry: How is the pathway regulated for weeds? 
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6.4.7 Human apparel and equipment 

While legislation in regards to the movement of weeds could be applied to Human apparel 
and equipment (attachment of seeds to clothes and footwear), and was the main regulation 
mentioned (Figure 6.18), several respondents commented along the lines that there was 
“some legislation. However, this is very difficult to enforce.”  Some education and information 
awareness strategies were mentioned such as “Messages at airports, shipping lines, etc” 
(Appendix 2). 

 

Figure 6.18 Human Apparel and Equipment: How is the pathway regulated for weeds? 
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6.4.8 Machinery and vehicles 

For the pathway of Machinery and vehicles, there is a greater diversity of ways in which 
weed spread is regulated.  The main forms of regulation are legislation and vehicle 
washdown facilities, e.g. for Parthenium weed between NSW and Queensland, but other 
mechanisms used include standards and vendor declarations, quarantine areas, border 
checks and voluntary codes and protocols (Figure 6.19).  For example, “Kakadu NP requires 
all earth moving equipment to be cleaned and inspected before entering the park. Similar agreements also 
exist for some NT islands. There are also programs in place to work with roadside slashers, railway line 
workers, etc, to limit weed spread.”  Several respondents commented along the lines that “there 
are some voluntary industry codes, and state legislation does cover this, but monitoring and enforcement are 
weak.” (Appendix 2). 

 

Figure 6.19 Machinery and Vehicles: How is the pathway regulated for weeds? 
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6.4.9 Construction and landscaping materials 

Legislation and weed declaration is the main form of regulation for Construction and 
landscaping materials (includes contamination of gravel, soil, sand, mulch and turf).  Such 
regulation usually involves the prohibition of movement of weed contaminated materials, 
though as one weed expert noted “Australian standards for landscaping products require 
pasteurisation, but this is not enforced - relies on consumer awareness/acceptance of product” (Appendix 
2).  Standards/vendor declarations, management plans, and inspections are also employed 
within these industries to some extent (Figure 6.20).   

 

Figure 6.20 Construction and Landscaping Materials: How is the pathway regulated for weeds? 
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6.4.10 Agricultural produce 

The Agricultural produce pathway is regulated, according to many respondents, through 
legislation (Figure 6.21) that principally deals with acceptable levels of contamination of 
grain when delivered to and tested at silos and at the point of sale, whereas according to 
one respondent, there are “limited fodder programs, mostly based on complaint, driven when feeding 
out fodder.”  Likewise, another expert said that “in the instance of grain, there is (sometimes) a set of 
protocols that must be followed. In the instance of hay, it appears deregulated.”  However, another 
respondent, presumably from Tasmania, commented that “the Weed Management Act, 1999, 
proscribes the transport of any material contaminated with a declared weed. Quarantine 
inspections/restrictions also operate concerning importation from the mainland of grain and hay 
contaminated with weed seeds” (Appendix 2), so that hay may be regulated in some situations.  
A respondent from NSW highlighted that in that State regulation is “only by pure seed 
regulations, and transport of noxious weed seeds, through the Noxious Weeds Act. There are no 
regulations for the restriction of movement of weed species that are not declared.”  They also added that 
“droughts have always been a cause of increased risk through the movement of stock fodder from interstate 
and even overseas.” (Appendix 2). In addition to legislation, the pathway is regulated to some 
extent by voluntary standards, codes, protocols and vendor declarations (Figure 6.21). 

 

Figure 6.21 Agricultural Produce: How is the pathway regulated for weeds? 
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6.4.11 Research sites 

Legislation of research sites may involve obtaining permits to propagate and carry noxious 
weeds, quarantine barriers for coming into the country and regulations for scientific 
introductions (Figure 6.22). 

 

Figure 6.22 Research Sites: How is the pathway regulated for weeds? 
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6.4.12 Livestock movement 

Livestock movement with regards to weed spread, is regulated again by legislation that may 
prohibit movement of declared weed propagules and quarantining of livestock for certain 
periods to allow weed seeds to pass through their guts, and from and to certain areas 
(Figure 6.23). Standards and vendor declarations may be used in regard to contamination 
but these may not always be reliable.  Likewise, interstate regulations often apply which 
may involve animal inspections, but as one respondent claimed “minimal intrastate regulation 
is applied due to resourcing issues and volume of movement.” (Appendix 2). 

 

Figure 6.23 Livestock Movement: How is the pathway regulated for weeds? 
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6.4.13 Waste disposal 

Dumping of waste, other than in specified locations, appears to be universally illegal 
(prohibited) according to the comments made by respondents, while fines and 
prosecutions are available to authorities seeking to regulate this pathway (Figure 6.24).  
However, the laws seem to be regularly flouted with little effective enforcement, possibly 
because of the difficulties associated with policing the laws (Appendix 2)  

 

Figure 6.24 Waste Disposal: How is the pathway regulated for weeds? 

 

 

6.4.14 Birds, Other animals, Wind and Water 

There were few responses in regards to regulation of the natural pathways of weed spread, 
indicating that management of these pathways is difficult.  Coded responses have therefore 
not been given.  Regulation of birds was considered “difficult, but it has been done a bit by 
manipulating the species present in areas where dispersers frequent.”  Other animals may be subject to 
feral animal control programs and fencing, while wind and water dispersal are regulated 
only indirectly through declaration and management of noxious weeds at the point of 
source (Appendix 2). 
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6.5 Adequacy of Management and Regulation 

6.5.1 Are current arrangements adequate? 

For each pathway included in the survey, respondents were asked whether current 
management and regulatory arrangements for the pathway were adequate. 

Pathways fell into three clear categories, according to the survey respondents.  The four 
natural pathways of weed spread were more regarded as having adequate management and 
regulatory arrangements (apart from the Other category) (34.3% to 50.0% of respondents), 
all the accidental means of human spread were regarded as having the next best 
arrangements (21.2% to 33.3%), while all deliberate human spread pathways were least 
adequately managed and regulated (11.5% to 19.6%) (Figure 6.25).  Many of the pathways 
for which respondents indicated inadequate regulatory and management arrangements, are 
also those which are more likely to be regulated in some way, including various forms of 
plant trade, trade in fodder, and movement of machinery and vehicles (Figure 6.11). 

However, at the same time the response regarding some pathways that may not be 
regulated at all, such as Revegetation and forestry and Human apparel and equipment, 
indicates that these require some form of regulation or improved management. 

Of interest is the fact that despite being able to rank the pathways in terms of adequacy of 
current regulatory and management arrangements, all pathways were considered by 50% of 
weed experts or greater to be inadequately controlled (Figure 6.25). 
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Figure 6.25 Are current management and regulatory arrangements for this pathway adequate? 
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6.5.2 In what ways are current arrangements inadequate? 

Respondents who indicated that current regulatory and management arrangements for each 
pathway was inadequate, were asked to indicate where inadequacies occurred.  Three tick 
box options were provided: 

 The pathway is insufficiently regulated for weeds; 

 There is insufficient information to identify the importance of this pathway; 

 There is insufficient information to design management strategies for this pathway. 

Figure 6.26, Figure 6.27, and Figure 6.28 present the response to these statements, for each 
of the pathways addressed in the survey as a percentage of those who indicated that they 
were ‘aware of instances where [the] pathway is a factor in weed spread’. 
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Insufficient regulation 

A high proportion of weed experts (>69% for eight of the pathways) regarded that 
pathways are insufficiently regulated for weeds.  Waste disposal is viewed by a significantly 
higher proportion of respondents (83.3%) than any other pathway as the least sufficiently 
regulated pathway for weeds.  Trade in plants and fodder also feature as insufficiently 
regulated pathways, however Food plant trade is viewed as insufficiently regulated by only 
36.7% of those who were familiar with this pathway.  Many of the pathways which were 
rated as an overall high risk regarding weed spread (Figure 6.10) are also viewed by 
respondents as insufficiently regulated (such as Ornamental plant trade, Fodder trade, 
Aquarium plant trade) (Figure 6.26). 

 

Figure 6.26 Agree that the pathway is insufficiently regulated for weeds 
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Pathways of unknown importance 

There was a relatively low percentage of agreement (<42.6%) to the statement regarding 
‘insufficient information to identify the importance of the pathway’, suggesting that 
information shortfall is not necessarily an obstruction to more effective management and 
regulation of most pathways identified in this survey (Figure 6.27). 

While no clear pattern emerged from the response to this statement, the pathways which 
experts appear to know least about are Human apparel and equipment (42.6%), Food plant 
trade (40.0%), Revegetation and forestry (36.4%), Other animals (35.9%), Waste disposal 
(35.7%), Medicinal plant trade (35.7%) and Construction and landscaping materials (34.9%) 
(Figure 6.27).  It would not be unreasonable to suggest that these are likely to be the 
pathways in most need of further research to identify their importance in the spread of 
weeds within Australia. 

 

Figure 6.27 Agree that there is insufficient information to identify the importance of this pathway 
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Difficult pathways with insufficient information for management 

‘Birds’ stands out as the pathway with the highest percentage of respondents (57.9%) who 
believe that there is insufficient information to design management strategies for the 
pathway (Figure 6.28).  For this and Other animals, such a response may relate to relatively 
little research being conducted on the spread of weeds by ‘wild’ animals and particularly the 
difficulty associated with attempting to manage such pathways.  The same is likely to be 
true for the highly rated and somewhat hidden trade in Medicinal plants and movement of 
weeds in Human apparel and equipment and with Waste disposal, all pathways that tend to 
avoid detection by authorities.  More research is again required to better manage weed 
spread by these pathways. 

 

Figure 6.28 Agree that there is insufficient information to design management strategies for this 
pathway 
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6.5.3 Regulation and management of risks 

Respondents were asked in question 5(a) to detail their suggestions for improving the 
effectiveness of regu lat ion  for each pathway they were ‘aware of’ in the survey.  Question 
5(c) asked for suggestions for managing  current and future risks. While regulation (involving 
laws and actions prescribed by an authority to stop weed spread) and management (involving 
a variety of activities designed to stop weed spread but not necessarily prescribed by law) 
were intended to be separate in the survey, respondents did not always clearly differentiate 
between the two concepts.  As a result, the responses to these two questions overlapped 
somewhat, such that some of the responses to question 5(a) may not strictly be regulatory 
issues and likewise, some of the responses to question 5(c) on management included 
regulatory approaches.  

A code frame was established for both questions.  As for question 3(a), individual 
responses could be coded under up to three separate codes as required.  Consequently, the 
number of coded responses was greater than the number of respondents who addressed 
the questions with respect to a particular pathway.   

For most pathways, suggested improvements in regulation and management ranged across 
a wide range of categories, indicating that no one improvement for a pathway would stop 
weeds being spread by that pathway, but rather that an integrated regulatory and 
management approach was required to deal with the pathway problem.  The original 
answers from respondents to these two questions (Appendix 2) provide a wealth of 
wisdom on what might be required. 

Improving pathway regulation 

Overall, the related suggestions of education, labelling, extension and publicity were the 
most common ‘positive’ approach for improving ‘regulatory’ effectiveness for many of the 
pathways covered by the survey, including Ornamental plant trade (Figure 6.29), 
Revegetation and forestry (Figure 6.34), Human apparel and equipment (Figure 6.35), 
Construction and landscaping materials (Figure 6.37), Livestock movement (Figure 6.40) 
and wind (Figure 6.44), as well as being considered advantageous for several other 
pathways.  Other positive approaches to pathway regulation suggested by respondents 
included more research, encouraging cooperation between organisations, improving 
resources/staffing to deal with weed ingress, and improving management practices/codes. 

 ‘Negative’ approaches to pathway regulation (those which involve some kind of legal 
enforcement or disincentive), such as enforcement/fines/disincentives/legal action, bans 
on sales/imports, and surveillance/monitoring/inspections feature as areas in need of 
improvement for many of the pathways covered. 
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The Ornamental plant  t rade  attracted considerable attention from respondents (see 
Appendix 2).  Improvements in regulation were mainly required in 
education/labelling/extension/publicity related activities, the banning of high risk weeds 
after appropriate weed risk assessments and in the enforcement of legislation (Figure 6.29).  
Aligning State and Federal regulations and improved monitoring of nurseries with greater 
responsibilities placed on the nursery and garden industry were also considered to be 
important. 

 

Figure 6.29 Ornamental Plant Trade: Suggestions for improving the effectiveness of regulation 
for the pathway 
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For the Aquarium plant  t rade , improvements were again needed in education and 
publicity type activities but more importantly the experts considered that improvements 
needed to be made in surveillance and inspections of both aquatic plant/aquarium traders 
and water ways (Appendix 2). Weed risk assessments and the alignment of State and 
Federal declarations and regulation were also considered to be important (Figure 6.30). 

 

Figure 6.30 Aquarium Plant Trade: Suggestions for improving the effectiveness of regulation 
for the pathway 
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There were only 11 coded responses for the Medic inal plant  t rade  with no clear 
agreement between the experts on ways to improve regulation (Figure 6.31), though 
suggestions were given, e.g. “need full-time person at a national level searching the net for weed sellers, 
and reporting to states on sites that pose a risk to Australia or the states.” (Appendix 2). 

 

Figure 6.31 Medicinal Plant Trade: Suggestions for improving the effectiveness of regulation for 
the pathway 
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Likewise, there were few coded responses for improvements in regulation of the Food 
plant  t rade , with at least 7 areas mentioned (Figure 6.32).  Respondents commented that 
while “little is known about the weed potential of food plants”, “the number of weeds that originated from 
the herb industry is significant.” “The responsibility for control/prevention of escape/spread of these species 
needs to be put on the growers” (Appendix 2). 

 

Figure 6.32 Food Plant Trade: Suggestions for improving the effectiveness of regulation for the 
pathway 
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For Fodder t rade , the most common improvements required were certification of weed 
status (declaration) by the fodder vendor along with extra resources and staff (Figure 6.33) 
for increased monitoring (Appendix 2).  However, from this result it appeared that some 
respondents may have confused this pathway, which was meant to represent fodder plants 
themselves becoming weedy, with the Agricultural produce pathway, which was meant to 
represent contaminated hay, grain and pasture seed.  Other suggested improvements for 
this pathway included weed risk assessments on fodder plants, banning sales and imports 
of high risk fodder species, declarations of fodder species likely to be weedy, as well as 
education, surveillance and enforcement (Figure 6.33).  One respondent commented that 
“if the people who plant or promote a species were made financially responsible for containing it to the area 
planted, and held financially responsible for the cost of any escapes, then the use of invasive fodder species 
would cease overnight” (Appendix 2). 

 

Figure 6.33 Fodder Trade: Suggestions for improving the effectiveness of regulation for the 
pathway 
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Within the Revege tat ion  and fores t ry  pathway the main needs are for extra resources/staff 
and education programs to better regulate weed spread.  However, industry financial 
accountability for weed spread and containment/control of weed sources within the 
industry were also considered to be important improvements to better regulate this 
pathway (Figure 6.34).   

 

Figure 6.34 Revegetation and Forestry: Suggestions for improving the effectiveness of 
regulation for the pathway 
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Although only eliciting 14 coded responses regarding improving the effectiveness of 
regulation for weed spread by Human appare l  and equipment , the overwhelming majority 
of these suggestions (71.4%) were in regards to education and publicity, for example 
amongst bushwalkers and in high conservation areas (Appendix 2), while 14.3% of 
responses indicated that the pathway was either difficult or impossible to regulate (Figure 
6.35).  Where pathways are difficult to regulate, education and publicity may be one of the 
few fall-back opportunities to influence the pathway. 

 

Figure 6.35 Human Apparel and Equipment: Suggestions for improving the effectiveness of 
regulation for the pathway 
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Nearly 70% of suggested improvements in regulation of the Machinery  and vehi c le s  
pathway for weed spread were covered by four categories of responses: 
enforcement/fines/disincentives/legal action; better management practice/codes (e.g. for 
earthmoving and machinery contractors, councils, energy and telecommunications 
suppliers moving from one place to another); education/publicity; and mandatory wash-
downs of vehicles and equipment (Figure 6.36).  However, a range of other improvements 
was also suggested (Appendix 2).  Nonetheless, one respondent commented that the 
pathway was “not practical to regulate effectively due to volume of traffic, number of interstate entry points 
for some states, intrastate movement issues, etc.” 

 

Figure 6.36 Machinery and Vehicles: Suggestions for improving the effectiveness of regulation 
for the pathway 
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For the Construc tion  and landscaping mate rials  pathway, the main suggested 
improvements (22.2%) were with regard to education and publicity, though having 
specified dumping areas, using clean fill in sensitive areas, better management codes, 
greater legal enforcement and extra resources and staff were all considered important 
improvements (Figure 6.37). The pathway was also considered to be difficult or impossible 
to regulate by some experts (11.1% of responses), for example, “quality assurance schemes for 
soil traded or being sold could be implemented. For waste soils however, it's difficult to see how it could be 
managed at all” (Appendix 2). 

 

Figure 6.37 Construction and Landscaping Materials: Suggestions for improving the 
effectiveness of regulation for the pathway 
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As for Fodder trade, the Agri cu ltural produce  pathway, with which it seemed to be 
confused, was considered to need most improvements in the certification of weed status 
and vendor declarations (20.0%), followed by extra resources and staff (12.0%) (Figure 
6.38) for monitoring and enforcement (Appendix 2).  While a range of other improvements 
was suggested including zero weed tolerance, enforcement, surveillance and tracking and 
restricting movements (Figure 6.38), it was noted that “in drought situations it is inevitable that 
the imminent risk of stock loss will be considered more important than the medium/long-term impact of 
weed invasion, despite the fact that this is likely to be more costly. Therefore, regulatory provisions will be 
relaxed in times of emergency” (Appendix 2). 

 

Figure 6.38 Agricultural Produce: Suggestions for improving the effectiveness of regulation for 
the pathway 
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There were just seven responses for Research s i t e s , ranging from education to hygiene and 
better management codes (Figure 6.39), such as “weed control implemented before sale of research 
stations, and at the end of research projects” (Appendix 2). 

 

Figure 6.39 Research Sites: Suggestions for improving the effectiveness of regulation for the 
pathway 
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For weed spread through Livestock movement , improvements are required principally in 
quarantine processes undertaken by producers, and education and publicity, though for the 
first time, research was considered to be quite important for determining the species spread 
by this means and the key times for quarantining stock (Appendix 2), as well as aligning 
State and Federal regulation, surveillance and having extra resources and staff for 
monitoring and enforcement (Figure 6.40). 

 

Figure 6.40 Livestock Movement: Suggestions for improving the effectiveness of regulation for 
the pathway 
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The main improvement required in regulation of weed spread through unsafe Waste  
di sposal , according to respondents, was in enforcement (28.0% of responses), although 
education (20.0%), better management codes (8.0%) and more resources and staff were 
also highlighted (Figure 6.41).  This pathway was also considered to be difficult or 
impossible to regulate, hence one respondent noted that “dumping of garden waste is a 
significant social problem, the same as the dumping of unwanted cats, dogs and aquaria fish. A major 
social change needs to be undergone to remove this problem.” Another respondent explained that “in 
many instances, neighbours to bushland areas are the main offenders. The situation may be occurring for 
some time before rangers are aware of the problem, and by then, it may take a while to rectify the situation. 
Our council has set up a Bushland Neighbours Assistance scheme, in order to manage the neighbours of 
our natural areas. They are given advice, boundaries of where to, and not to work, herbicide if necessary, 
and plants for revegetation or reinstatement if necessary” (Appendix 2). 

 

Figure 6.41 Waste Disposal: Suggestions for improving the effectiveness of regulation for the 
pathway 
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Weed spread via Birds  was considered to be very difficult or impossible to regulate by 
many respondents (43.8% of responses), while suggested improvements were in controlling 
weeds at their source, weed alternatives and education (Figure 6.42). So, for example, the 
suggestion was made to be “informing land and householders about reducing weed propagules in 
gardens, i.e. remove agapanthus flowers after they are spent to reduce seed development and movement by 
birds – cut down all the camphor laurel trees, etc.” (Appendix 2). 

 

Figure 6.42 Birds: Suggestions for improving the effectiveness of regulation for the pathway 

 

 

 



 

University of New England | September 2008 | 75 

For Other an imals  there were too few responses to obtain a clear idea of improvements in 
regulation to this pathway (Figure 6.43), though perhaps this is why at least one respondent 
said that there was a need for “additional research into what animals are moving what weeds, and 
where” (Appendix 2). 

 

Figure 6.43 Other Animals: Suggestions for improving the effectiveness of regulation for the 
pathway 
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The most quoted need (20.0%) with regard to the regulation of the spread of weeds by 
Wind was for “public education about wind-dispersed plants and their ability to damage bushland” 
(Figure 6.44 and Appendix 2).  One respondent stated that windborne weeds “are more 
dangerous than bird-spread, and so they should be considered more for their risk factor. e.g. moth vine is our 
most destructive vine, and we live in a mountainous landscape. All our roads are along the highest point in 
the landscape, and this is one of the weeds that established itself beautifully under/on top of lantana”. 

 

Figure 6.44 Wind: Suggestions for improving the effectiveness of regulation for the pathway 
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There were few suggestions as to how to regulate the spread of weeds by Water , though 
regulation in some cases could be effective, for example, “regulation prevents weeds getting into 
the pathway, or ensures they are removed from it” and “removal of plants producing vegetative propagules 
can be effective in the case of willows” (Appendix 2). 

 

Figure 6.45 Water: Suggestions for improving the effectiveness of regulation for the pathway 
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Managing current and future risks 

Respondents to question 5(c) were asked to detail their suggestions for managing  current 
and future risks with regard to each pathway they were aware of in the survey.  However, 
due to a lack of clear differentiation by some respondents between regulation and 
management, this question was answered somewhat similarly to 5(a) on improvements in 
regulation.  The perceived similarity between these two questions may help to explain why 
there was a lower response rate to the latter question compared with question 5(a). 

A code frame was nevertheless established and, as for questions 3(a) and 5(a), individual 
responses were coded under up to three separate codes.  Consequently, the number of 
coded responses does not equate to the number of respondents who addressed the 
question with respect to a particular pathway (Figure 6.46 to Figure 6.62). 

Because of similarities in responses in this question to question 5(a), only fresh or more 
detailed management perspectives not previously highlighted in question 5(a) are discussed 
here, largely by quoting individual responses.  All the original answers provided by 
respondents to this question are listed in Appendix 2.   

In line with previous discussions, overall, education/labelling/extension/publicity was the 
most common method seen by respondents as needing improvement to manage current 
and future pathway risks. 
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For the Ornamental plant  t rade  pathway, educating nurseries, the landscaping industry 
and the public was again considered critical (Figure 6.46). For example, “get the nursery 
industry on board and visit all outlets regularly, keep promoting the message and develop much more 
information, run training programs for nursery people, and make it mandatory, conditional on being able to 
trade, that they meet certain requirements in this area”.  “All nurseries need to have displays about 
their own local weeds.”  One development mentioned is that “WWF is currently undertaking 
an excellent programme to uniform LABELLING, which would ID the 'weediness' of the plant” 
(Appendix 2). 

 

Figure 6.46 Ornamental Plant Trade: Suggestions for managing future and current risks with 
regard to this pathway 
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For the Aquarium plant  t rade , education/extension issues were reiterated, though 
research into aquatic weed control was also highlighted as a need by respondents, for 
managing future risks with regards to this pathway (Figure 6.47).  For example, “for many of 
the new and emerging aquatic weeds, and even some of the established ones, there are no safe aquatic 
herbicides. Issue of maintaining water quality for potable water, preventing damage to local flora and fauna, 
all pose issues for the registration of herbicides. More work is also required on non-chemical means of 
managing aquatic weeds.” 

 

Figure 6.47 Aquarium Plant Trade: Suggestions for managing future and current risks with 
regard to this pathway 
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The only additional suggestion for the Medic inal plant  t rade  (Figure 6.48) was “there must 
be some industry audit processes in place to guarantee purity, so this could be used to educate growers about 
plants behaving badly” (Appendix 2). 

 

Figure 6.48 Medicinal Plant Trade: Suggestions for managing future and current risks with 
regard to this pathway 
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While there were few suggestions on managing risks associated with the Food plant  t rade  
(Figure 6.49), two comments were that “we need to identify what food plants pose a weed risk” and 
that a “compulsory weed management system for all weed potential plants [needs] to be written into 
management plans and implemented/regulated” (Appendix 2). 

 

Figure 6.49 Food Plant Trade: Suggestions for managing future and current risks with regard to 
this pathway 
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In terms of the Fodder t rade  (Figure 6.50), there were no new suggestions for managing 
weeds through this pathway, other than “more intensive work with pasture industry; more choice of 
native fodder species investigated; identify and quantify damage done by non-native fodder species escape; 
investigate costs of user-pays scheme with relation to escaped fodder species” (Appendix 2). 

 

Figure 6.50 Fodder Trade: Suggestions for managing future and current risks with regard to 
this pathway 
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In addition to regulatory practices for the Revege tat ion  and fores t ry  industries, suggestions 
were made for better management codes (Figure 6.51) such as “a contractor code of conduct and 
practices that ensures a come clean/go clean policy”, because “anecdotal evidence received suggests that St. 
John's wort has been spread ….. from forests in other regions. Debarking of logs, and strict adherence to 
routes, would make it easier to manage this situation. There would need to be dialogue between foresters and 
control authorities so that situations could be monitored” (Appendix 2). 

 

Figure 6.51 Revegetation and Forestry: Suggestions for managing future and current risks with 
regard to this pathway 
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For Human appare l  and equipment , education/publicity was reiterated for managing 
weed risks (Figure 6.52), though the need for research was additionally emphasised such as 
“on weed seed adhesion properties and methods of prevention/containment” (Appendix 2). 

 

Figure 6.52 Human Apparel and Equipment: Suggestions for managing future and current risks 
with regard to this pathway 
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In addition to regulatory improvements for the pathway Machinery  and vehi c le s  and the 
emphasis on education (Figure 6.53), respondents believed that “in regard to cars and trucks, it 
would be useful to have a better understanding of the conditions and locations in which propagule loads are 
shed.” This would aid with machinery design and the development of more effective wash-
down facilities.   A “paradigm shift in roadside vegetation management by councils” was also needed 
according to more than one expert. “Effective standard operating procedures and hygiene procedures 
need to be effectively implemented across council roadside vegetation management practices. This means re-
educating individuals involved in roadside vegetation management, or imposing work conditions that force 
compliance. Apathetic, disinterested, or sub intelligent attitudes from some workers are a real and serious 
impediment to change here” (Appendix 2).   

 

Figure 6.53 Machinery and Vehicles: Suggestions for managing future and current risks with 
regard to this pathway 

 

 



 

University of New England | September 2008 | 87 

The recommendations of respondents in regard to Construc tion  and landscaping  
materials  backed up those made for regulation (Figure 6.54), but for difficult waste soils, 
the suggestion was made to provide “designated permanent soil dumps/green waste facilities” where 
contaminated green waste could be dealt with separately from clean green waste (Appendix 
2). 

 

Figure 6.54 Construction and Landscaping Materials: Suggestions for managing future and 
current risks with regard to this pathway 
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For the Agri cu ltural produce  pathway (see also Fodder plant trade), respondents again 
emphasised certification of weed status and vendor declarations as a key way of managing 
weed spread, but also gave weight to education/extension programs (Figure 6.55), hence 
the comment regarding the need for “regular extension to [farmers] about the risks of buying fodder, 
and the methods to manage those risks” (Appendix 2). 

 

Figure 6.55 Agricultural Produce: Suggestions for managing future and current risks with 
regard to this pathway 
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Although there were only four coded responses (Figure 6.56), useful suggestions for 
management of current and future weed risks from Research s i t es  were “need more 
information on safe buffer distances and management requirements to limit spread of high value species. 
Plus standard hygiene to remove species (including propagules) from trial plots at their end.”  “Research 
institutes need to have budgetary capacity to manage their grounds, with sufficient expertise to prevent escape 
and naturalisation of any species” (Appendix 2). 

 

Figure 6.56 Research Sites: Suggestions for managing future and current risks with regard to 
this pathway 
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Education and quarantine processes were reiterated as the two key areas for managing risks 
of weed spread associated with Lives tock movement  (Figure 6.57).  For example, “on-
property quarantine areas are an important way of isolating new stock, which allows them to empty out in a 
confined space that can be more easily monitored”.  Research needs included specific studies of 
seed survival in animal guts, and identification of those species and infestations that are 
susceptible to livestock movement (Appendix 2). 

 

Figure 6.57 Livestock Movement: Suggestions for managing future and current risks with 
regard to this pathway 
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As well as reiterating educational opportunities to manage risks of weed spread through 
unsafe Waste  di sposal  (Figure 6.58), almost a third of responses to the survey question 
suggested that it should be made easy for people to dump their green garden wastes, e.g. 
“all local government bodies should provide areas for free dumping of garden waste (to discourage dumping 
in bush areas)” (Appendix 2).  

 

Figure 6.58 Waste Disposal: Suggestions for managing future and current risks with regard to 
this pathway 
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For Birds , management needs to focus on containment at the source, planting of weed 
alternatives and education of the public (Figure 6.59).  “Since it's hard to control the pathway 
itself (birds), it's important to control the seed sources. We need to prioritise and manage the major sources 
of propagules, and/or the sources closest to sensitive areas. Sale and growth of exotic, fleshy, fruited 
ornamental plants should be banned (or sterile varieties developed and tested), as the species of this group are 
almost all a high risk”.  In this regard one respondent noted that we needed “improved 
knowledge of survival of weed species in the gut” (Appendix 2). 

 

Figure 6.59 Birds: Suggestions for managing future and current risks with regard to this 
pathway 
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As with birds, Other an imals  are also difficult to manage, and so the main suggestion for 
management of this pathway was in regard to containment and source control (Figure 
6.60), e.g. “prioritise control of populations of weeds that might be spread by animals that are in close 
proximity to sensitive natural areas” (Appendix 2). 

 

Figure 6.60 Other Animals: Suggestions for managing future and current risks with regard to 
this pathway 
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For the pathway of Wind , research was thought to be needed into patterns of dispersal of 
wind-borne seeds over landscapes and the effectiveness of wind breaks (Appendix 2).  
Otherwise, control of wind-dispersed seeds at their source was considered to be the most 
effective management approach (Figure 6.61). 

 

Figure 6.61 Wind: Suggestions for managing future and current risks with regard to this 
pathway 
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For the last natural means of weed spread, Water , management of source infestations is 
the best suggestion for addressing risks associated with this pathway (Figure 6.62).  
However, one respondent noted that “the only effective management across a range of weed species is 
going to be maintaining healthy and uninvaded vegetation upstream, and as just about everywhere is 
upstream of somewhere else, we would need to maintain uninvaded vegetation just about everywhere”! 
(Appendix 2). 

 

Figure 6.62 Water: Suggestions for managing future and current risks with regard to this 
pathway 

 

 

Respondents were also asked to comment on whether there were any other ways in which 
management of these pathways was inadequate.  The comments (Appendix 2) largely 
support the suggestions provided above for each pathway.  Though not presented here, the 
answers to this question should be read in conjunction with this part of the report. 
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6.6 Pathways Outlook 

Respondents were asked to indicate their opinion regarding the future outlook for each 
pathway with which they were familiar, in terms of whether the pathway would be ‘More 
important’, ‘As important’, or ‘Less important’ than it is currently.  Respondents were also 
given the option to respond as ‘Unsure’. 

The bulk of respondents believe that all of the pathways, except Research sites (a 51.9% 
‘Less important’ response), will be either more important or as important in the future as 
they are today (Figure 6.63).  The reasons for respondents’ outlook for each pathway are 
listed in Appendix 2. 

Natural methods of weed spread (Water, Wind, Birds, and Other animals) feature as having 
among the highest proportion of respondents indicating that they would be ‘As Important’ 
in the future, i.e. retaining a similar importance as currently.  However, a significant 
percentage of respondents (39%) believe that Water will be a more important pathway for 
weed spread in the future (Figure 6.63) partly because of the apparent increase in climatic 
variability (attendant dry times followed by floods) and its conduciveness for weeds, as well 
as an increased focus on the value of water and management of the resource, and the 
declining number of management tools, such as herbicides, available for use in waterways 
(Appendix 2).  

Other pathways considered to become more important in the future by a large number of 
respondents included Fodder trade, Ornamental plant trade, Agricultural produce, and 
Machinery and vehicles (Figure 6.63).  Fodder trade was assessed as becoming more 
important for weed spread by respondents because of increasing droughts associated with 
climate change and the increased need to grow more hardy fodder crops and transport 
more fodder into drought affected areas.  Such fodder is often contaminated with weed 
seeds.  This latter reason was also prevalent for a perceived increase in importance of the 
Agricultural produce pathway (Appendix 2). 

Machinery and vehicles were considered to be of increasing importance for weed spread 
simply because of increasing traffic movements, use of contractors and increased 
development and fragmentation of landscapes, meaning that weeds will spread further into 
more remote and core bushland areas (Appendix 2). 

The Ornamental plant trade was gauged as becoming more important because ornamental 
plants are a major source of noxious weeds, the industry continues to grow and gain in 
popularity and media attention, the urban and peri-urban sprawl is taking ornamental 
plants out into previously rural areas, and, because of climate change and dry times, the 
public are increasingly seeking drought adapted species that can be used in dry gardening 
(Appendix 2).   Although ranking highly in its likely capacity to increase in the future, a 
relatively large number of respondents (12.8%) thought that the trade in Ornamental plants 
may decrease in weed spread importance, largely because of increasing awareness of this 
pathway for weed spread by the nursery industry and public in recent years (Appendix 2). 

Other pathways with relatively high numbers of respondents believing that the pathway 
would decrease in importance in the future included Revegetation and forestry (22.2%), 
Livestock movement (12.0%), Food plant trade (20.7%) and the Medicinal plant trade 
(28.6%) (Figure 6.63). 

There was a relatively low response of ‘Unsure’ across all pathways addressed in the survey.  
Respondents were least sure about Food (10.3%) and Medicinal (9.5%) plant trade. 

Figure 6.64 provides mean/average responses to this question for each of the pathways, 
where 1 = ‘Less important’, 2 = ‘As important’, and 3 = ‘More important’.  Responses of 
‘Unsure’ were not used when calculating mean response. 
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As this figure shows, for all but the last two pathways shown (Medicinal plant trade and 
Research sites), a mean rating above 2 was obtained, indicating a tendency towards greater 
importance in the future. 

Of all the methods of weed spread, and also of the natural means of spread, Water was 
considered to increase in significance most (Figure 6.64).  Indeed, none of the respondents 
rated Water as a potentially ‘Less important’ future weed spread pathway (Figure 6.63). 

Of the deliberate pathways of human spread, Fodder trade had the highest level of 
increasing importance.  

Of the accidental means of weed spread, Machinery and vehicles, Agricultural produce and 
Construction and landscaping materials were regarded most to be on the ascendancy in 
terms of mean rating (Figure 6.64).   

 

Figure 6.63 What is the outlook for this pathway in the future? (% of responses) 
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Figure 6.64 What is the outlook for this pathway in the future? (Mean Rating) 
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6.7 Australian Research of the Pathway 

Respondents were asked whether they knew of any scientific or other research in an 
Australian context that had investigated the pathways on which they were commenting.  
The aim of this question was in part to identify research work that may not have been 
captured in the review of literature.  The answers to this question are listed under each 
pathway in Appendix 2.  While many respondents answered the question quite generally, 
some provided specific references, or at least the names of authors and researchers for later 
follow-up.  Many respondents knew of no research on the particular pathway on which 
they were commenting, though this varied considerably between pathways.  This suggests 
that even where research has been done, many experts are not aware of that research, 
indicating a lack of effective extension or acquisition of information, even at this ‘expert’ 
level.  Sending a summary of this report to respondents as promised may assist with data 
acquisition in the short term, but it is an issue that needs ongoing investigation, both at this 
level and that of the broader community given the overwhelming emphasis of respondents 
on education, extension and publicity in order to better regulate and manage weed spread 
within Australia. 

While on the one hand the Ornamental plant trade is currently a very active field of 
research for weed spread, respondents had difficulty at the other end of the spectrum in 
identifying Australian research for the Medicinal plant trade, Human apparel and 
equipment, Construction and landscaping materials, and Waste disposal.   

While there appears to be considerable anecdotal information available, and research on 
some aspects of some pathways, in general there has not been a lot of quantifiable research 
on methods of weed spread and their regulation and management in Australia other than a 
few notable exceptions. 

6.8 Additional Comments 

Respondents were asked for additional comments on specific pathways as well as more 
generally at the end of the survey.  Both sets of comments are included in Appendix 2.  
Some are particularly notable. 
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7 Summary 

This project set out to answer six questions. 

How do weed propagules spread within Australia? 

Twenty four sources  (sites or areas of land where weeds are actively growing and from 
which new invasions may emerge) and 17 pathways  (the means by which weed propagules 
are moved) were identified for weed spread in Australia through the review of literature.  
Many of the ‘Other’ sources listed by respondents (Table 5.4) appeared in the ‘Pathways’ 
section of the survey, which shows either some confusion over the difference between 
sources and pathways, or that it is difficult to separate the two in practice, forming a 
continuum for weed spread. Three ‘Other’ possible pathways were mentioned in addition 
to those identified in the review, though only one of these, Mail order, was technically a 
pathway, and may be considered as a subset of the trade in Ornamental plants.  These 
pathways were grouped into three categories: deliberate spread by humans, accidental 
spread by humans, and natural spread.  Such categories were often correlated with the level 
of risk associated with a pathway. 

While every effort must be made to prioritise high risk pathways of weed spread for 
management and regulation, the number and wide diversity of potential sources and 
pathways (in reality anything that moves or is moved) shows the difficulty of the task of 
preventing weed spread altogether. 

Which sources and pathways account for the majority of weed ingress? 

The most important sources of weed propagules, according to survey respondents, were 
Transport sites such as roads, railways, ports, airports and water transport sites.  Other 
important sources of weeds were Land in transition, Pasture/rangelands, Horticulture – 
ornamental and Private gardens, and Rivers. 

The importance of horticultural sources of weeds, including private gardens, is in line with 
the importance given to Ornamental and Aquarium plant trade in the pathways section of 
the survey. The similar importance attributed to Land in transition, including degraded, 
abandoned and unused land, shows that lack of management of some kind is likely to lead 
to weed proliferation and that such sites require attention to minimise the risk of weed 
spread.  This may be important where land is ‘locked up’ for conservation purposes but 
insufficiently resourced to manage weed infestations.  Moving water (Rivers and 
Channels/aqueducts) was rated much more important than still water (Lakes and 
Dams/reservoirs, and Marsh/wetlands) as weed sources, presumably because of the 
increased likelihood of infestation by new weeds coming from elsewhere within the 
catchment. 

The ornamental plant trade involving nursery sales and escape of garden and landscaping 
plants and machinery and vehicles involving attachment of seeds to passenger vehicles, 
slashers, farm equipment, boats and earth moving equipment were the two pathways that 
stood out above the rest as being factors in weed spread according to respondents (Figure 
6.1).  The first is a deliberate means of spread by human beings, the second an accidental 
means of spread.  Over half of the respondents were also personally aware of weed spread 
via the fodder trade (deliberate), contaminated agricultural produce (accidental), wind 
(natural), birds (natural) and livestock movement (accidental).  Although not as apparent, a 
considerable percentage of respondents, ranging from 13.1% to 43.9%, were aware of cases 
of weed spread via all the other identified pathways.   
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Which sources and pathways currently pose the greatest risks? 

Risks of weed spread were divided according to eight pathway capabilities, i.e. the ability to 
transport weeds quickly over long distances (>1km), transport a high diversity of weed 
species, transport large numbers of weed propagules (of one or more species) in a single 
event, transport weeds frequently (making it a regular/ongoing instead of occasional 
event), introduce weeds into hospitable environments, avoid/overcome prevention and 
management strategies, transport weeds into sensitive areas (e.g. areas where the weed may 
have a high impact, and to be hospitable to weeds (able to deliver live plants or viable 
propagules). 

Respondents overall felt that al l  pathways have a relatively high capability for each of the 
characteristics addressed in the survey – few of the pathways had a mean rating under 3, 
the mid-point score, in each assessment.  

Nevertheless, each pathway has its own risk factors.  Trade in Fodder, Ornamental plants 
and Aquarium plants, contamination of Agricultural produce and Machinery and vehicles 
and natural Water movement feature as having a high capability in many of the pathway 
characteristics charts above, suggesting that these pathways currently pose the greatest risk 
of weed ingress, and particularly so when coupled with their likelihood of weed spread as 
assessed in the previous question.  However, it needs to be noted that the overall rating, 
when capabilities are weighted equally, does not differ greatly between many of the 
pathways (Figure 6.10). 

It is conceivable that in the future, capabilities could be weighted according to perceived 
importance and this may alter the relative risk levels of the different pathways. 

In what ways are the risks changing with changing environmental conditions and local 

trade and other patterns of movement? 

The majority of respondents believe that all of the pathways, except Research sites, will be 
either more important or as important in the future as they are today.   

Water was considered to be a relatively more important pathway for weed spread in the 
future partly because of the apparent increase in climatic variability (attendant dry times 
followed by floods) and its conduciveness for weeds, an increased focus on the value of 
water and the management of the resource, and the declining number of management 
tools, such as herbicides, available for use in waterways.  

Fodder trade was assessed as becoming more important for weed spread by respondents 
due to increasing droughts associated with climate change and the increased need to grow 
more hardy fodder crops and transport more fodder into drought affected areas.  Such 
fodder is often contaminated with weed seeds.  This latter reason was also prevalent for a 
perceived increase in importance of the Agricultural produce pathway. 

Machinery and vehicles were considered to be of increasing importance for weed spread 
simply because of increasing traffic movements, use of contractors and increased 
development and fragmentation of landscapes, meaning that weeds will spread further into 
more remote and core bushland areas. 

The Ornamental plant trade was gauged as becoming more important as: ornamental plants 
are a major source of noxious weeds; the industry continues to grow and gain in popularity 
and media attention; the urban and peri-urban sprawl is taking ornamental plants out into 
otherwise rural areas; and, because of climate change and dry times, the public are after 
drought adapted species that can be used in dry gardening.  Although ranking highly in its 
likely capacity to increase in importance in the future, some respondents thought that the 
trade in Ornamental plants may decrease in weed spread importance, largely because of 
increasing awareness of this pathway for weed spread by the nursery industry and public in 
recent years. 
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How can current and emerging risks be managed? 

Despite being able to rank the pathways in terms of adequacy of current regulatory and 
management arrangements, all pathways were considered by 50% of weed experts or 
greater to not be adequately controlled. 

The four natural pathways of weed spread were more regarded as having adequate 
management and regulatory arrangements, all the accidental means of human spread were 
regarded as having the next best arrangements, while all deliberate human spread pathways 
were considered to be least adequately managed and regulated.  Many of the pathways for 
which respondents indicated inadequate regulatory and management arrangements, are also 
those which are more likely to be regulated in some way, including various forms of plant 
trade, trade in fodder, and movement of machinery and vehicles. 

Apart from Water, high-risk pathways did not feature prominently in their ability to 
avoid/overcome prevention and management strategies, suggesting that regu latory  and 
management  strategies will have some impact on weed pathways which involve either 
deliberate or accidental spread by human beings. 

Suggestions were made as to how most individual pathways could be managed or regulated 
better, though natural pathways were generally regarded as being very difficult to regulate 
or manage. 

Overall, the related suggestions of education, labelling, extension and publicity were the 
most common positive approach for improving regulatory effectiveness and management 
for many of the pathways covered by the survey. 

On what potential sources and pathways do we have insufficient information to identify 

their importance or to design management strategies? 

For all pathways less than half the respondents felt that there was insufficient information 
to identify the importance of the pathway, suggesting that information shortfall on the 
pathway’s importance is not necessarily an obstruction to more effective management. 

The pathways which experts know least about are Human apparel and equipment, Food 
plant trade, Revegetation and forestry, Other animals, Waste disposal, Medicinal plant trade 
and Construction and landscaping materials.  It would not be unreasonable to suggest that 
these are likely to be the pathways in most need of further research to identify their 
importance in the spread of weeds within Australia. 

Birds stands out as the pathway with the highest percentage of respondents who believe 
that there is insufficient information to design management strategies for the pathway.  For 
this and Other animals, such a response may relate to relatively little research being 
conducted on the spread of weeds by ‘wild’ animals and particularly the difficulty 
associated with attempting to manage such pathways.  The same is likely to be true for the 
highly rated and somewhat hidden trade in Medicinal plants and movement of weeds in 
Human apparel and equipment, and with Waste disposal, all pathways that tend to avoid 
detection by authorities.  More research is also required to better manage weed spread by 
these pathways. 

Many respondents for some pathways knew of no research on the particular pathway on 
which they were commenting, even though other respondents did, indicating a lack of 
effective extension or acquisition of information, even at this ‘expert’ level.  This issue 
needs ongoing investigation, both at this level and that of the broader community given the 
overwhelming emphasis of respondents on education, extension and publicity in order to 
better regulate and manage weed spread within Australia. 
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