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Abstract  Since its inception in 1995, the Cooperative
Research Centre for Weed Management Systems has
subsumed the great majority of weed biological con-
trol projects being undertaken by its partner organisa-
tions.  This overview shows how direct CRC funding
support and the promotion of linkages amongst the
different partner organisations have enhanced this bio-
logical control work in a number of areas by:

1. increasing the capacity for research through the
provision of key research and technical posi-
tions in the areas of classical biocontrol and
the development of bioherbicides,

2. enabling new project initiatives to be under-
taken on saffron thistle, wild radish, serrated
tussock and annual grasses,

3. improving the delivery of biological control
through improved redistribution, monitoring
and communication,

4. providing a platform for the integration of bio-
logical control with other weed control options,
and

5. improving the scientific base of biological con-
trol through models of plant / herbivore inter-
actions, population genetics studies and im-
provements in agent selection and release strat-
egies.

INTRODUCTION

The raison d’être for a Cooperative Research Centre
(CRC) is to facilitate cooperation and promote
synergies between partner organisations.  The creation
of the CRC for Weed Management Systems
(CRCWMS) has brought together a number of organi-
sations involved in biological weed control. These
comprise the two main groups working on classical
biological control of temperate weeds in Australia,
CSIRO Entomology and the Keith Turnbull Research
Institute in Victoria, plus smaller research groups from
NSW Agriculture and Charles Sturt University look-
ing at the potential of bioherbicides for weed control.

CRCWMS views biological control as an important
component of overall weed management strategies,
along with the use of herbicides, cultural methods and
the manipulation of desirable vegetation.  Each of the
three main research programs on Annual Cropping
Systems, Perennial Pasture Ecosystems and Natural
Ecosystems has a subprogram devoted to biological
control research.  In addition, many of the post-
graduate students in the Education program are work-
ing on projects directly or indirectly of interest to bio-
logical control, and there is also a subprogram aimed
at improving the delivery of biocontrol within the Com-
munication and Adoption program.
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Common heliotrope 1
Skeleton weed (int.) 1
Blackberries CRC    2 *
Tutsan CRC 1
Nodding thistle CRC 3
Spear thistle CRC 3
Slender thistles CRC 2
St John's wort CRC 6
Paterson's curse CRC 6
Ragwort CRC 3
Onopordum  thistles CRC 3 (5)
Horehound CRC 1 (2)
Bitou bush / boneseed CRC 3
Scotch broom CRC 2 (3)
Variegated thistle 1
Dock 1 (2)
Emex CRC 1 (2)
Gorse  (1)
Bridal creeper CRC

Bathurst burr CRC

Reseda

Saffron thistle CRC

Wild radish CRC

Montpellier broom CRC

Serrated tussock CRC

Blue heliotrope

Onion weed

Fireweed

*  = 2 strains of a rust fungus have established                                              
 Brackets include agents that have been released but for which it is too early to confirm 

Figure 1.  Classical biological control projects against
weeds in temperate Australia and CRC involvement
in these since its inception in 1995
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fully exploit the potential of pathogens.  This problem
has been addressed through the appointment of a CRC-
funded plant pathologist to the CSIRO weed biocontrol
group in Canberra.  As a consequence, work has com-
menced towards the assessment of or introduction of
pathogen biocontrol agents for bridal creeper, bitou
bush / boneseed, saffron thistle, Paterson’s curse and
serrated tussock (see Morin and Auld 1999).

Pathogens may also be used in an augmentative man-
ner for weed control, as bioherbicides, and CRCWMS
funds are being used to enhance research in this area
of biological control (see Morin and Auld 1999). One
post-doctoral position at NSW Agriculture, Orange, is
directed at surveys for diseases of wild oats and fur-
ther studies on those with bioherbicide potential
(Hetherington et al. 1998), while similar work is be-
ing carried out on diseases of saffron thistle through a
CRC-supported postgraduate position at Charles Sturt
University, Wagga Wagga.   Parallel to this, a second
position at Orange is being used to investigate water
holding formulations to improve the effectiveness of
bioherbicides, using Colletotrichum orbiculare on
Bathurst burr as a model system.  A cooperative re-
search venture has been set up with the Key Centre for
Polymer Colloids at Sydney University for research
on formulation of bioherbicides.  If successful, this
research would overcome one of the main limitations
to the successful use of fungal applications for weed
control, namely the need for extensive periods of moist
conditions to permit germination of spores.

In addition to these four key research positions, the
CRC has been able to fund technical positions in key
locations in Perth and Canberra (host-range testing)
and Montpellier, France, (agent exploration and as-
sessment) to speed up critical phases of current bio-
logical control projects.  Filling these gaps in the bio-
logical control skill base has significantly increased
the capacity of partner research organisations and
CRCWMS to undertake the required research and de-
liver the desired outcomes.

NEW PROJECT INITIATIVES

With the downturn in the rural economy, in particular
the wool and meat sectors, some of the more tradi-
tional sources of industry funding for biological con-
trol of agricultural weeds have diminished.  With lim-
ited funds, organisations such as MLA and Woolmark
have adopted the policy of directing funds to the de-
livery of outcomes from existing projects rather than
initiating new ones.  Combined with the traditional
difficulty of obtaining external funds for environmen-
tal weeds (public good projects), this places severe
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Within this broad net, CRCWMS subsumed the ma-
jority of biological weed control projects in temperate
Australia when it began in 1995 and is now responsi-
ble for a suite of projects at varying stages of comple-
tion (Figures 1 and 2).  This paper presents an over-
view of current biological control work within
CRCWMS and shows how direct CRC funding sup-
port and the promotion of linkages amongst the differ-
ent partner organisations has enhanced research in this
area (see Figure 3).

Figure 2.  Bioherbicide projects against weeds in tem-
perate Australia and CRC involvement in these by since
its inception in 1995

INCREASING RESEARCH CAPACITY

Biological control practitioners within the CRC have
amassed very large data sets on the population dynam-
ics of key weed species, as part of the collection of
baseline data for control agent impact assessment.  It
has always been the view that the ecology of the weed
is central to understanding the role of the agents and
to enabling other control methods, such as herbicide
use, fire and tactical grazing, to complement biologi-
cal control.  To facilitate this process, CRCWMS has
funded the position of an ecological modeller at CSIRO
Entomology, Canberra, to produce management mod-
els based on the life-histories of the target weeds.  A
model for nodding thistle has been completed and one
on St John’s wort is currently being developed.  In
addition modelling approaches have been used to ex-
amine different release strategies for control agents.

Since the success of the rust fungus, Puccinia
chondrillina, in controlling the narrow-leaf form of
skeleton weed in the late 1970s, plant pathogens have
become increasingly important as agents for classical
biological control.  However, only a few biological
control practitioners in Australia are trained patholo-
gists and skilled personnel have not been available to
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limitations on the initiation of new projects against
emerging weeds (e.g. Montpellier broom) or weeds
where current control methods are breaking down (e.g.
serrated tussock).

Federal funding provided through the CRC process has
partially filled this vacuum, and new projects have been
set up to undertake exploration or complete critical
testing in the native ranges of saffron thistle, wild rad-
ish, serrated tussock and Montpellier broom to deter-
mine the potential for classical biological control of
these weeds.  Similarly, for bioherbicides, CRCWMS
is funding new projects looking at the potential of in-
digenous plant pathogens to control exotic weedy an-
nual grasses of pastures and crops.   The intention of
this research is to take the projects to a stage where, if
continued research directed at importation, quarantine
clearance and release of agents is warranted, this could
be then picked up by industry.  The value of this type
of seed-funding can be seen in the case of serrated tus-
sock, where the results of a small-scale survey for
pathogens on this grass weed in its native range in
Argentina have provided the justification for a major
project against Nassella tussock grasses funded by a

consortium of federal, community and local govern-
ment agencies (Briese et al. 1999).

IMPROVING THE DELIVERY AND
EVALUATION OF BIOLOGICAL CONTROL

Biological control can never be effective until the ben-
efits are transferred to the end-users.  This means that
there must be deliberate efforts to redistribute control
agents throughout the ranges of the target weeds.  In-
creasingly it has been realised that the best way to do
this is to involve community groups such as Landcare
so that the clients of biological control research can
have some ownership of the outcomes (Briese and
McLaren 1997).  CRCWMS has been at the forefront
of this approach through the funding of two “facilitator”
positions to promote the development of agent redis-
tribution and monitoring networks for key weeds; one
for St John’s wort and blackberries based in Frankston,
Victoria, and one for broadleaf pasture weeds based in
Canberra, ACT.  An important part of network devel-
opment is the provision of information on the agents,
the target weeds and management of release sites in
the context of current control practices.  This has been

Existing work
-  Thistles

-  Bridal creeper
-  Paterson's curse

-  Bitou bush / boneseed
-  Scotch broom
-  St John's wort
-  Bathurst burr
-  Blackberries
-  Horehound

-  Ragwort
-  Emex

   Imp rov ing the sc ience of biocontrol 
 

 - Modelling plant / herbivore interactions
 - Modelling bridal creeper invasion

 - Improved agent selection
 - Optimising agent release strategies

 - Climate matching in biocontrol
- Formulation of bioherbicides

 - Population genetics and identity of target weed
 - Genetic variation and resistance to control agents
 - Genetic factors affecting biocontrol of blackberry
 - Contribution to weed management book and IWM  

  Improving b iocontrol delivery and 
evaluation

  

- Biocontrol facilitator positions in Victoria and 
ACT 

- IWS/MRC funded redistribution project
-  Monitoring impact (Yanco workshop)

- Bitou bush / tutsan evaluation

  New project in itiatives
 

- Saffron thistle
- Serrated tussock
- Annual grasses

- Wild radish
- Montpellier broom

    Integration of biocontrol w ith 
other control methods

 

- Emex, thistle and St John's wort workshops
- St John's wort herbicide-biocontrol interactions

- Horehound herbicide-biocontrol interactions
-  Broadleaf pasture weeds IWM study

  Increas ing capacity for biocontrol

- Classical insect biocontrol (bridal creeper, bitou 
bush)

- Classical pathogens (saffron thistle, bridal creeper, 
Paterson's curse, serrated tussock)

- Mycoherbicides (Bathurst burr, formulations)
- Native pathogens (saffron thistle, bitou 

Figure 3.  Enhancing biological control within the CRC for Weed Management Systems
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done through field days and the publication of release
information kits.

The Woolmark / MLA funded biocontrol delivery
project which targets Paterson’s curse and several this-
tle weeds of pastures is an excellent example of this.
It involves collaboration between several CRC part-
ners, CSIRO Entomology, KTRI, NSW Agriculture and
Agriculture WA, as well as external collaborators such
as SARDI, and has resulted in over 1400 agent releases
throughout temperate Australia in the past two years
(A. Swirepik, pers. comm.).  A key component of this
project is impact assessment of the agents, so that feed-
back can be provided on the success of the agent re-
leases.  CRCWMS sponsored a workshop to develop
a three-tiered monitoring protocol (see Briese et al.
1997): at the broadest level which involves participa-
tion of landholders, only the establishment or not of
agents is recorded; at the intermediate level, data is
gathered on the abundance and dispersal of established
agents and weed density at a number of sites, selected
to cover any regional differences in weed distribution;
and at the highest level, detailed information is col-
lected from a few sites relating agent abundance to
detailed measurements of impact on the weed.  Inte-
gration of the data from these three levels of monitor-
ing should provide a regional assessment of agent im-
pact.  CRC funding has also been used to carry out
more detailed evaluations of specific case studies, such
as the spectacular spread of the bitou bush seed fly,
Mesoclanis polana along the east coast of Australia
and the dramatic reduction in tutsan infestations by
the rust fungus, Melampsora hypericicorum.

INTEGRATED WEED MANAGEMENT

Increasingly, biological control is being viewed as a
component of weed management rather than as an al-
ternative method.  To date though there have been few
studies done which have looked at the compatibility
and complementarity of biological control and other
control methods, such as herbicides, tactical grazing
and the use of fire.  As the name implies, the basis of
CRCWMS is to develop sustainable weed management
strategies that draw from the range of available op-
tions.

Initially, the range of information available on the ecol-
ogy of and control methods for key weeds was brought
together through a series of CRC-sponsored workshops
on (e.g. double-gees (Scott et al. 1996), thistles
(Woodburn et al. 1996), St John’s wort (Jupp et al.
1997), Vulpia and annual grasses (Dowling and Medd
1996), boneseed and bitou bush (Holtkamp et al. 1997),

blackberries (Groves et al. 1998)). Based on ideas gen-
erated from these workshops, cross-discipline research
is currently under way to examine the effect of herbi-
cide application on biological control agents of both
horehound and St John’s wort, with a view to generat-
ing herbicide treatment recommendations that optimise
control agent impact.

Most recently, a major new project has been com-
menced to investigate the integration of biological con-
trol with herbicide use and tactical grazing for the
management of broadleaf pasture weeds, including
Paterson’s curse, nodding, Scotch and Illyrian thistles
(Huwer et al. 1999).  This project involves collabora-
tion between researchers from CSIRO Entomology,
NSW Agriculture and Sydney University and demon-
strates the importance of the CRC structure in facili-
tating such linkages.

IMPROVING THE SCIENCE OF BIOCONTROL

As McFadyen (1996) has pointed out, the rationalisa-
tion of government services, and the resultant shift in
balance from public to competitive industry-based
funds, has forced biological control practitioners in
Australia to concentrate more on short-term goals and
the rapid delivery of practical outcomes.  While such
outcomes are beneficial to the particular clients, it also
means that fundamental issues addressing the science
of biological control can not be considered, placing
the longer-term progress at risk.  CRCs can provide
the opportunity for such work and McFadyen (1996)
has shown how the CRC for Tropical Pest Manage-
ment was able to examine important questions on the
genetics of weed populations, the process of  host-
selection by control agents and the evaluation of agent
impact during its lifetime from 1991-1998.  Basic is-
sues such as these are seen as critical aspects of
CRCWMS as well.

As indicated earlier, the CRC has increased research
capacity in Australia by appointing staff with model-
ling skills.  This is enabling it to explore the role of
ecological modelling, both at the individual species
and vegetation composition levels, as a tool, both to
better understand the agent / target weed interactions
and to optimise weed management through the inte-
gration of different control methods.

The correct identity of target weeds is critical to suc-
cess, particularly when dealing with species complexes
such as introduced blackberries in temperate Australia.
Moreover, for weeds such as blackberry where patho-
gens with highly restricted host ranges are used for
control, it is important to understand the intricate host
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relationships between pathogen and host weed.  Mo-
lecular techniques are being used in a CRC-funded
postdoctoral study at Adelaide University to examine
to determine the number and distribution of genotypes
within the blackberry species complex and to examine
the susceptibility of these genotypes to different strains
of its rust fungus control agent (Evans et al. 1998).

Currently, the rate of establishment of control agents
in Australia is 70%, with only 23% contributing to
control (Briese 1999).   Improvement of these figures
would lead to greater economic benefits from biologi-
cal control and a more rapid realisation of these ben-
efits.  To address this, CRCWMS is funding research
at the CSIRO European Laboratory in Montpellier,
France, to develop improved methods for the selec-
tion of candidate control agents.  Two approaches have
been taken.  The first involves a retrospective study of
an old project, St John’s wort, in which an attempt is
being made to see if aspects of the agents’ biology and
interactions with the host plant in its native range could
have predicted known outcomes following release in
Australia.  This study should provide information on
what properties are important when choosing an agent.
The second approach is to investigate the use of mod-
ern GIS technology in selecting areas of Europe that
have the best match with weed-infested areas of Aus-
tralia, enabling the collection of agent populations best
adapted to the new environment and thereby more
likely to establish and build-up to damaging
populations.

Another way in which the scientific base of biological
control can be built is through CRC-funded postgradu-
ate scholarships that use current projects as model sys-
tems to study topics of more fundamental interest.
Since 1995, this has enabled studies to be undertaken
on:

1. the population genetics of a target weed (St
John’s wort) in relation to host-plant resistance
to a biological control agent

2. biological and environmental factors affecting
establishment success of control agents (hore-
hound plume moth)

3. using molecular markers to resolve the iden-
tity, degree of hybridisation and distribution
of hybrid forms of a target weed complex
(Onopordum spp.)

4. developing improved methods for the selec-
tion of candidate control agents

5. investigating invasiveness and biogeographi-
cal limits of a target weed (bridal creeper)

6. examining non-target impact of established
biological control agents (Aculus mite on na-
tive Hypericum spp.)

7. evaluating host-pathogen relationships and
variability in susceptibility of a successful fun-
gal control agent (tutsan rust)

Such scholarships are not only important for their im-
mediate scientific value, but because they are produc-
ing a skilled group of researchers who will provide the
next generation of biological control practitioners.

CONCLUSION

The creation of the CRC for Weed Management Sys-
tems has given a substantial boost to the use of bio-
logical control against both agricultural and conserva-
tion weeds in temperate Australia.  More importantly,
this boost has not just been directed at initiating new
projects that follow a fixed pattern, but has also con-
centrated on the better understanding of processes and
the better delivery of outcomes.  Generic issues such
plant/agent interactions, plant and agent population
genetics and agent impact evaluation, coupled with
research into release strategies, redistribution systems
and the integration of biocontrol with other manage-
ment options should provide the appropriate mix of
fundamental and applied research to take biological
control research into the new century.  Moreover, the
education of a new generation of weed researchers with
competence in biological control and the promotion
of biocontrol awareness amongst landholders and ex-
tension officers by CRCWMS should provide the per-
sonnel needed to make such research succeed.
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