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Delivering pasture weed biological 
control through community networks 

in temperate Australia

A.E. Swirepik, M.J. Smyth and D.T. Briese1

Summary

Between 15 and 25 years worth of research effort has been invested in the development and delivery
of a suite of agents for three broad-leafed pasture weeds (Echium plantagineum, Onopordum spp. and
Carduus nutans) in temperate Australia. Seventeen agents have been released into Australia during this
process, of which 11 have required redistribution beyond their initial releases. Seven of these species
have a single generation per year, three have a partial second generation and one undergoes multiple
generations. Due to the slow intrinsic rates of increase of the agents and the high demand for the agents,
a delivery network involving three levels of government, the Australian Landcare movement and the
community has been developed to speed up the delivery process. While the delivery model is built on
a hierarchical structure, involving collaborators in the process of agent rearing, release and evaluation
at a level commensurate with their training and/or experience, it has been designed to facilitate infor-
mation flow to end users and provide feedback to researchers. Consequently, outcomes of the delivery
model include a high level of community ownership of the agents and a more effective measurable
impact of those agents on their target.
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Introduction

Biological control of temperate pasture weeds in
Australia has proven to be a discipline requiring a long-
term research commitment to the study of the target, the
guild of agents and the delivery of the agents to the
stakeholder. During the 1970s and 1980s, CSIRO Ento-
mology initiated projects on three broad-leafed pasture
weeds, Echium plantagineum L. (Paterson’s curse),
Carduus nutans L. (nodding thistle) and Onopordum
spp. (Scotch and Illyrian thistle). In 2003, two of these
projects (Echium and Onopordum) are still attracting
industry funding, while the third (Carduus) has
concluded, with control having been achieved
(Swirepik & Smyth 2002). Each project began inde-
pendently and has a unique history until 1997, when
funding for the project through Australian Wool Inno-
vation, Meat and Livestock Australia and the CRC for

Weed Management Systems saw the three projects
bought together to focus on speeding up the delivery of
agents to stakeholders and evaluating the outcomes of
agent releases.

The Echium project commenced in the early 1970s
with initial surveys of E. plantagineum populations in
southern France, Portugal and Morocco to select poten-
tial agents (Wapshere 1985). Host-range testing for
seven species was completed during this period, but the
project was placed on hold due to an injunction (sought
by apiarists and a small number of graziers) placed on
the project in 1980 by the High Court of Australia
(Cullen & Delfosse 1985). Following the introduction
of the Biological Control Act 1984 and a subsequent
inquiry into the biological control of Echium, the
injunction was lifted in 1988 and the first agent Dialec-
tica scalariella was released in the same year. Over the
eight years that followed, six more species of agent
were released into Australia (Table 1). Six of the seven
agents have established (Table 1).

The Carduus project was initiated in the mid 1980s
with studies of the interaction of potential agents and C.
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nutans in the home range (Sheppard et al. 1990, Shep-
pard et al. 1994) and the ecology of C. nutans in
Australian pastures (Woodburn & Sheppard 1996).
Three agents were released in Australia between 1988
and 1993 (Woodburn & Briese 1996), all of which have
established (Table 1).

The Onopordum project commenced in 1987 with
survey work in the home range (Mediterranean Europe)
to select a potential suite of agents (Briese et al. 1994),
while a study of Onopordum ecology in Australian
pastures was being carried out concurrently (Pettit et al.
1996). Seven agents were released between 1992 and
2000 (Briese et al. 2002a); four have established (Table
1). Eleven of the 13 agents that established on the three
target weeds have been subsequently redistributed
(Table 1).

Evolution of the release process
Until the early 1990s, the three projects were primarily
focused on the research components of biological
control. As a result, CSIRO Entomology would gener-
ally make releases for research reasons rather than with
the express purpose of providing agents to end users.

The distribution of the weeds was important in the
evolution of a release network, i.e. as Echium occurs
across temperate Australia, it was recognised in the
1980s that individual states (New South Wales (NSW),
Victoria, South Australia and Western Australia) would
need to be involved in the rearing and release process.
The two thistles have much more limited distributions
(Carduus on NSW tablelands areas above 800 m and
Onopordum primarily on the Southern Slopes and
Monaro regions of NSW), whose accessibility from
Canberra led to the evolution of a network that relied on
CSIRO Entomology rearing the agents and collabo-
rating with state, regional and local professionals for
release purposes. A model strategy for the rapid redis-
tribution of biocontrol agents with slow rates of
increase (Briese et al. 1996) was used between 1993
and 1996.

The advent of the Cooperative Research Centre
(CRC) for Weed Management Systems in 1995 coin-
cided with negotiations for funding of these three
projects with Meat and Livestock Australia and
Australian Wool Innovation. These negotiations
resulted in moves to formalise a rearing, release and
evaluation framework with the primary focus of

Table 1. The number and status of agents releases against Echium, Carduus and Onopordum in Australia.

Year first released Agent Releases to date Status

Echium

1988 Dialectica scalariellaa Widespread, limited damage
1992 Mogulones larvatusf 889 Widespread, severe local damage
1994 Mogulones geographicusf 119 Established, measurable local damage
1995 Longitarsus aeneus 1 Failedb

1996 Longitarsus echiif 126 Established, measurable local damage
Phytoecia coerulescens 5 Established locallyc

Meligethes planiusculusg 59 Established locally

Carduus

1988 Rhinocyllus conicusg 15 d Widespread, target controlled
1991 Urophora solstitialisg 101 e Widespread, target controlled
1993 Trichosirocalus mortadelof 102 e Widespread, target controlled

Onopordum

1992 Larinus latusf 302 e Widespread, severe local damage
1993 Lixus carduif 501 e Widespread, severe local damage
1995 Tephritis postica 5 Failede

1997 Trichosirocalus brieseif 4 Established locally
1998 Eublemma amoenah 55 Established locally
1999 Botanophila spinosa 2 Failed
2000 Urophora terebransg 2 Establishment not yet confirmed
a D. scalariella quickly dispersed across the range of Echium, release work ceased in 1990.
b It was not possible to resynchronise L. aeneus to southern hemisphere seasons under quarantine conditions. A direct release permit was obtained,

but the sole release made failed to establish and work on the species stopped.
c Experimental work in Australia indicated that P. coerulescens would have no impact on Echium. A decision was taken to cease work on the species

after making one release in each state.
d A decision was taken at the time of the initial releases of R. conicus to allow the species to disperse naturally rather than redistribute it. R. conicus

can be found across the range of C. nutans in Australia.
e Agent has dispersed across the range of the target in Australia.
f Agent has been redistributed and completes a single generation per year.
g Agent has been redistributed and completes a partial second generation per year.
h Agent has been redistributed and completes multiple generations per year.
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speeding up the delivery of biological control outcomes
to stakeholders. To assist in the development of this
framework, the CRC appointed a biocontrol facilitator
who was based in Canberra with CSIRO Entomology.
The CRC also organised and ran a workshop at Yanco,
NSW in May 1997 that dealt with the key issues in the
project at the time: rearing techniques, release strategy
(release size, timing and method) and evaluating
outcomes.

Rearing agents

Typically, when an agent is first approved for release
after the completion of host-specificity testing there are
relatively few individuals due to the constraints of
rearing in a quarantine facility. Rapidly increasing this
limited resource is the first factor that needs to be
addressed, and CSIRO Entomology and the state
departments provide officers and facilities to rear
agents for release. However, a number of key technical
issues need to be overcome; an understanding of agent
biology, provision of suitable rearing facilities and
training staff in rearing techniques.

Insight into agent biology begins with existing liter-
ature, which is generally incomplete. Key facets of
agent biology/requirements that have been explored
include fecundity and oviposition pattern, the carrying
capacity of the host, suitable watering regimes for
potted plants containing root-feeding larvae, and aesti-
vation requirements. 

Rearing facility requirements for this project are
relatively simple. In order to synchronise agents with
the season of particular regions, we have developed
culturing protocols in which most of the agents’ devel-
opment takes place in pots or tubs (a standard pot size
of 20 cm has been used for the rearing of Echium
agents, while fibreglass tubs varying in size from
50 cm × 100 cm to 100 cm × 100 cm have been used to
grow multiple plants and reduce labour). Host plants
are maintained through winter in either unheated glass-
houses or plastic tunnels to avoid the waterlogging
effects of winter rainfall. Heated glasshouses or
constant temperature rooms are used only for plant
propagation and/or maintenance of stable oviposition
rates by the insects. A protocol for rearing agents in an
“in ground” setting has also been developed. These
protocols require the construction of a mesh “shade-
house” that is planted out with a garden of the host
plant. Agents are then introduced in a number commen-
surate to the carrying capacity of the garden. All states
now have access to suitable facilities. 

Culturing agents in several regional rearing facilities
also reduces the impact of a single culture failure,
whilst keeping individual cultures to a logistically
manageable size. An unforeseen bonus of this structure
is that a friendly rivalry between organisations over
maximising rearing outcomes has been created. The
wide distribution of Echium also dictates that agents

should be cultured closer to where they will be released,
e.g. if all Echium agents were to be cultured in cool
climate Canberra, synchronising their development and
subsequent emergence for release with the season in
South Australia or Western Australia would be diffi-
cult.

Training collaborating staff has taken a number of
forms. Before the 1997 Yanco workshop, CSIRO
officers visited state rearing facilities on an ad hoc basis
to work through culture management issues with
collaborators, and financial constraints during this
period meant that Western Australia and South
Australia were not visited. However, a rearing/culture
management package was provided to all collaborators
and updated to include technique modifications every
year from 1993–1996. The package was backed up with
telephone support where necessary.

The Yanco workshop was a significant step forward
for the project, as it was the first time all project staff
had come together to discuss the project. The personal
contact enhanced interstate collaboration to a level
where state collaborators would contact each other to
discuss issues rather than always directing questions to
CSIRO Entomology. Another important outcome of the
workshop was a decision to bring project staff together
for a technical and management meeting annually. This
happened every year until 2001 when a reduced budget
saw the meeting dropped to conserve funds. During the
period (1997–2001) resources were also available to
allow all of the state rearing facilities to be visited by a
CSIRO Entomology officer at least once.

The release network 

The release network is formed around the three levels
of government in Australia: federal (the Australian
Government), state and local. The Australian Govern-
ment, through CSIRO Entomology, leads the process,
providing agents and the technical requirements for
their rearing and release. State department officers that
have reared the agents release them in collaboration
with local government weeds officers or similar, who
act as a first contact with end users in their community
(Figure 1). The regulatory role that weeds officers fill
(administering the Noxious Weeds Act), provides them
with detailed knowledge of weed infestations in their
local government area, and exposure to the biocontrol
project allows them to work with landholders to ensure
that biocontrol meets with legislative requirements.

The National Landcare Program is an Australian
Government initiative that also plays a key role at the
local level. Depending on the state, Landcare coordina-
tors are either based within the state or local govern-
ment offices and fill a similar local coordination role to
that provided by weeds officers. A key difference is that
Landcare is charged with providing collective action by
communities to sustainably manage the environment
and natural resources in partnership with government to
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achieve sustainable rural industries. This gains weed
biological control exposure as a component of natural
resource management rather than as a stand alone solu-
tion to a weed infestation. The fact that Landcare coor-
dinators do not have a regulatory role to play with
regard to weed infestations has, on occasion, also been
seen to enhance community collaboration.

The release process

The first objective of the release process is to establish
agents on a regional basis across the range of the weed,
to create a network of “nursery” sites. The project
officer who has reared the agents, collaborates with the
local coordinator to find the most suitable release site.
Preferred sites are owned by landholders who readily
understand the project’s objectives and likely time
frame for outcomes, whilst also showing a commitment
to collaboration for the ongoing maintenance of the
release. Once the site is selected, the agents are released
according to current best practice and the details of the
release recorded in a relational data base for future
reference. At the time of release, those present (which
may vary from local coordinator and landholder to a
field day with 20–30 people) are given an oral overview
of the project, along with specific information
pertaining to the management of the release. The oral
presentation is supported by an information kit that
includes photographs of the agent, a description of

agent biology, release site management information
and links into integrated weed management (IWM).

Evaluating the outcome of an 
agent release

The release process goes hand in hand with evaluation
(Figure 1), as monitoring the outcome of an agent
release is essential to optimise release strategies and to
hasten project outcomes, whilst using the results to
communicate progress to end-users and funding agen-
cies. Swirepik & Smyth (2003) described a three-tiered
evaluation strategy that comprises agent establishment,
spread and impact. The key outcome of tier-one moni-
toring, the most detailed, is to provide robust measures
of the impact of each agent on the target species. To
achieve this, it is often necessary to identify and quan-
tify key transition stage relationships for the target
(Woodburn & Cullen 1993, Sheppard et al. 1994,
Woodburn & Cullen 1996, Smyth et al. 1997, Briese,
2000, Sheppard et al. 2001, Briese et al. 2002b). Tier
two aims to provide an estimate of both target and agent
population size, through simple one-off measurements,
e.g. measuring Echium density and the rate of attack by
M. larvatus in late winter successfully predicts weed
mortality (Swirepik & Smyth 2003). Tier-three moni-
toring is the simplest form of evaluation in a biocontrol
project. Its aim is to provide information on the estab-
lishment and spread of agents at all release sites and

Figure 1. Schematic representation of the delivery and evaluation process and outcomes.
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may involve landholders/stakeholders and/or members
of the professional network collecting data.

Data gathered from tier three are then added to the
release data base to be analysed and used as decision
support for project management. By using an active
adaptive management approach to steer the project, we
have been able to quickly improve practices concerning
the size, timing and method of release (e.g. whether to
use a release cage or not). Tier three has also influenced
the location of agent releases, e.g. the project no longer
recommends the release of M. larvatus in drier/late
autumn-break areas infested with E. plantagineum, but
encourages the release of M. geographicus and espe-
cially L. echii due to their naturally longer aestivation
period, which allows them to remain dormant through
prolonged autumn drought and which has led to higher
establishment rates (Swirepik & Smyth 2003).

Once tier-three evaluation indicates that agents are
established and spreading at a release site, additional
data may then be collected to estimate target and agent
density at the site (tier two). This allows prediction of
when a release site may be ready to be harvested by
collaborators at a field day(s). The development of an
agent population large enough to allow a field day to be
held for collaborators to collect their own agents forms
a transition of the site from “release” to “nursery” site.
Running field days at nursery sites has been instru-
mental in accelerating the delivery of agents to stake-
holders at national, state and local levels.

At the national level, the delivery of M. larvatus has
benefited significantly from the use of a nursery site at
Yanco, NSW for the annual collection of tens of thou-
sands of weevils over the last six years. Officers from
all states have travelled to the site to collect M. larvatus
and have subsequently redistributed the agent in their
states through their local networks. Alternatively, they
have the agents shipped to them. The same nursery site
has also been used to supply M. larvatus to all NSW
Agriculture officers, and field days have been held for
weeds officers from surrounding regions. Each state
(apart from WA) now has at least one such nursery site
for local supply. This process has resulted in 889
releases of M. larvatus across temperate Australia.

The delivery of Larinus latus provides a model for
the use of field days to deliver agents at the local level.
During the early 1990s, a regional network of release
sites was set up across the southern slopes of NSW.
Until 1997, populations of L. latus expanded slowly,
providing limited opportunity to redistribute the species
from field collection. However, in the spring of 1998
significant populations of L. latus were found at two
sites near Harden, NSW. These sites were used to host
field days (for up to 50 people/field day) over the next
four years, for local landholders/stakeholders to be
trained in the identification, collection and release of
the weevil. Between 1992 and 1997, only 51 releases of
L. latus had been made, whereas 244 releases were
made from 1998 to 2001. This led to a high level of

community ownership for the ongoing redistribution of
this species and allowed the project to concentrate on
the newer agents in the suite. A key aim of the project
is to create such community ownership for each agent
species. L. latus collected from these nursery sites have
also been used to start a new biological control project
against Onopordum acaulon in Western Australia and
South Australia (Swirepik & Woodburn 2002).

Bringing it all together

Creating a widespread and high level of community
ownership for an agent does not necessarily mark the
conclusion of the project. Project officers have been
able to build further on the knowledge obtained during
the 15–25 year investment in the various biological
control projects. The ecological understanding of
temperate pasture dynamics and agent biology has fed
directly into the design and implementation of inte-
grated management trials for each of the target weeds
(Huwer et al. 2002). Evaluation data have also been
central to an economic analysis of investing in the
redistribution of Echium agents (Nordblom et al. 2002),
highlighting a need for investment in additional
targeted releases of M. larvatus (in areas where release
numbers are low and potential benefits are high) to
speed up the control of E. plantagineum.

The discipline of biocontrol has benefited from the
monitoring program, through the additional insights
gained into how a suite of agents impacts on their host
and how this will, in turn, influence field population
dynamics. This knowledge will add decision support to
agent selection for future projects. At the project level,
the strategy implemented has provided evaluation data
that have: 1) provided a decision support framework
that has facilitated the targeting of agent releases to
areas where they are best suited, and information as to
how to best release those agents; 2) provided the ability
to predict the time frame over which project outcomes
may be realistically expected; 3) played an integral role
in the extension of the project to community collabora-
tors; and 4) provided a sound justification of project
expenditure to our funding partners that in turn has real-
ised a long-term partnership.

All of these benefits have not been derived without
some difficulty; the main ones concerned with relation-
ship management, which is not surprising in a collabora-
tive project involving complex links between three levels
of government and the community across four states and
one territory. Within these jurisdictions, there are collab-
orators from many different backgrounds and organisa-
tional cultures, all of whom require a level of technical
understanding about the project commensurate with their
level of involvement. At times, the effective delivery of
this knowledge has been time consuming and frustrating.
However, the end result is a functional project worthy of
both the long-term past investment, and the medium-
term investment currently required to complete it.
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The project is currently in the final phase of negoti-
ations for three additional years of funding for delivery
and evaluation activities. This funding period will
allow us to develop a regional nursery site network for
all of the newer species of agent indicated in Table1.
The project beyond this point will then be able to focus
on creating community ownership for each species
whilst providing ongoing impact evaluation.
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