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Integrated weed management – could we be 
doing better? Lessons from controlling the 

invasive wetland shrub, Mimosa pigra

Quentin Paynter1 and Grant J. Flanagan2,3

Summary

1. Partial control; i.e. where biological control has an impact, but other control methods are still
required, is the most common result of biological control programs against weeds. For this reason,
optimizing integration of biological control with other methods should be a research priority.
However, there are relatively few examples where biological control and other control methods
have been integrated and have led to enhanced control. 

2. Potential reasons why biological control may fail to integrate with other methods are discussed and
a large-scale integrated control trial to investigate the impacts of herbicide application, crushing by
bulldozer and burning, either alone or in combination, on both the introduced wetland weed Mimosa
pigra and its biological control agents are described.

3. In isolation, herbicide, bulldozing and fire were not effective control measures, but several combi-
nations of techniques cleared mimosa thickets and promoted establishment of competing vegetation
which inhibited seedling establishment.

4. Depending on the species, biological control agent abundance relative to mimosa was either
unchanged or increased following herbicide and/or bulldozing treatments.

5. All agents re-colonised regenerating mimosa within one year of the fire treatment. Abundance of
Carmenta mimosa declined, whereas Neurostrota gunniella increased dramatically following the fire.

6. We attribute increased abundance of N. gunniella in response to all treatments, to attack by this
species being aggregated along stand edges. By reducing mimosa populations from monocultures
to smaller patches or individual plants, control treatments will have increased the ratio of ‘edge’ to
‘thicket’ plants and, therefore, the proportion of plants susceptible to N. gunniella attack.

7. We conclude that integrating control techniques can successfully control dense mimosa thickets;
and that biological control integrates well with other control options and should, therefore, lead to
significant cost reductions in the management of mimosa. To maximise this benefit, integrated
weed management plans should be designed to fully integrate biological control with other
methods, rather than separate them spatially or temporarily.

Keywords: integrated management, Mimosa pigra, Neurostrota gunniella, Carmentia 
mimosae, fire, herbicides, bulldozing.

Introduction
Recent analyses (Hoffmann 1995, McFadyen 1998,
Fowler et al. 2000, Briese 2000) indicate that biological

control of weeds has been more successful than previ-
ously supposed. However, complete successes, where
biological control is so dramatic that no other control
methods are required, only account for approximately
one-third of all completed programs (McFadyen 1998)
and programs that deliver ‘substantial’ or ‘partial’
control, where biological control contributes to
management, but other control methods are still
required, are more typical. For example, Hoffmann
(1995) considered biological control programs resulted
in complete control of six weeds (26%) and contributed
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to control of 13 out of 23 weeds (57%) in South Africa.
In New Zealand, six completed biological control
programs have resulted in complete control of one
weed (17%), partial control of four weeds (67%) and
one failure (Fowler et al. 2000). In Australia, 19 out of
45 projects (42%) resulted in a “substantial contribu-
tion to control” (although not necessarily complete
control) and the remaining 26 (58%) resulted in “some
contribution to control” (Briese 2000). These figures
indicate that some form of integration with other
management options is required for well over half the
weeds targeted by biological control programs. In this
context, it seems remarkable how few documented
examples exist where such integration has been demon-
strated to result in improved weed management (e.g.
Trumble & Kok 1980ab, Charudattan 1986, Briese
1996, Hoffmann et al. 1998). In this paper, we investi-
gate why this may be the case and suggest how the
value of biological control in integrated management
programs can be increased.

What is integrated weed 
management?

Integrated weed management (IWM) is defined here as
a sustainable approach to managing weeds that
combines biological, cultural, physical and chemical
methods in a way that maximizes their effectiveness
while minimizing economic, health and environmental
risks. It is a form of ecosystem management, and
requires sufficient knowledge of the ecology of the
weed and the invaded system to allow prediction of the
outcome of control efforts.

Biological control can be integrated with other
methods of weed control in a number of ways (Watson
& Wymore 1990). In this paper, we refer to the integra-
tion of “classical” or “inoculative” biological control,
rather than “augmentative” or “inundative” control
(e.g. the use of native pathogens as a mycoherbicide
described by Daniel et al. 1973).

Why is including a biological control 
component desirable in an 

IWM program?

At the request of the members of the Convention on
Biological Diversity, experts in the Global Invasive
Species Program (GISP) reviewed the methods for
controlling invaders and concluded that because
biological approaches and land-management practices
are environmentally benign they should “form the
cornerstone of IPM programs” (Baskin 2002).
Numerous papers have noted the potential benefits of
integrating biological control with other methods (e.g.
Briese 1990, Watson & Wymore 1990, Miller et al.
1992, King et al. 1996, Scott & Yeoh 1996, Rees &
Paynter 1997, Smith et al. 1997, Shea & Kelly 1998,

Rees & Hill 2001, Huwer et al. 2002). However,
whether potential for improved control can be realized
is often debatable. For example, Rees & Paynter (1997)
and Rees & Hill (2001) predicted that, where biological
control does not provide complete regulation, inte-
grating agents that reduce plant fecundity with control
methods such as mechanical control or fire, to reduce
the proportion of reproductive plants, should enhance
suppression of woody legume populations. However, a
criticism of these models is that they assumed addi-
tional control methods do not affect biological control
agent abundance, which may not be the case. Indeed,
scientists have often presumed classical biological
control and techniques such as chemical weed control
were incompatible (Harris 1991). However, herbicides
(e.g. Andres 1982, Harris 1991, Messersmith & Adkins
1995, Lindgren et al. 1999, Paynter 2003) or fire
(Briese 1996) are not necessarily unfavourable to
biological control agent populations.

Recent work on the integrated management of
Mimosa pigra L. (Paynter et al. 2000; Paynter & Flan-
agan 2002) has enabled the impact of a number of
control techniques on a suite of biological control
agents to be investigated. 

Mimosa

Mimosa pigra, henceforth mimosa, is now a
pantropical weed, native to tropical America, which
poses the most serious of all invasive threats to tropical
wetlands (Cronk & Fuller 1995).

In 1979, a biological control program against mimosa
was established in Australia (Forno 1992). Four insect
biological control agents are now widespread throughout
much of the introduced range of mimosa, namely: the
stem-mining moths Neurostrota gunniella Busck and
Carmenta mimosa Eichlin & Passoa (both first released
in 1989), the flower-feeding weevil Coelocephalapion
pigrae Kissinger, and the seed-feeding bruchid Acantho-
scelides puniceus Johnson, which were first released in
1994 and 1983, respectively. Two agents are established
locally: Chlamisus mimosae Karren, a leaf-feeding chry-
somelid that was first released in 1985, only established
on the Finniss River catchment, despite widespread
releases, and its impact is trivial. Malcorhinus irregu-
laris Jacoby is also a chrysomelid with leaf-feeding
adults, but the larvae of this species live in the soil and
feed on germinating seeds, small seedlings and roots and
root nodules. It was first released in 2000 and was
recently confirmed to have established and become
seasonally abundant at one release site.

This program could currently be described as a partial
success: A. puniceus destroyed only 0.8% of seed and
was considered a failure (Wilson & Flanagan 1991). N.
gunniella, however, was associated with a decline in
fecundity of 58–78%, compared to pre-biological control
levels, and stunted growth of both mature plants (Lons-
dale & Farrell 1998) and seedlings (Paynter & Hennecke
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2001), but damage was not considered sufficient to bring
about complete control of mimosa (Lonsdale & Farrell
1998). Ongoing evaluation work indicates Carmenta
mimosa is beginning to have a major impact (Q. Paynter,
unpublished data), however, alternative control methods
are currently required (Paynter & Flanagan 2002). 

Physical and chemical control
A number of control techniques have been tried, but are
rarely effective in isolation: aerial herbicide application
is most effective in the wet season, though spraying may
not achieve 100% kill and plants often regenerate from
the seed bank, so follow-up control is required (Miller &
Siriworakul 1992). Re-growth and regeneration from
the seed bank generally occurs after mechanical control
such as chaining and bulldozing (Siriworakul & Schultz
1992). Green mimosa is difficult to burn and, even if a
fire does carry through a stand, burnt plants often
regrow from buds at the base of stems, while fire can
enhance mimosa germination (Miller & Lonsdale
1992). Miller et al. (1992) suggested an integrated
approach should, therefore, provide the most effective
management strategy for mimosa.

The mimosa integrated control 
experiment

A split-plot experiment was performed at Wagait
Aboriginal Reserve, on the Finniss River catchment,
Northern Territory (NT) (12°56'S, 130°33'E altitude ca.
20 m asl) to measure the impact of herbicide, crushing
by bulldozer, and burning on both mimosa and its
biocontrol agents (Fig. 1a). The design, originally
described by Paynter et al. (2000), was modified to
include additional herbicide treatments (Fig. 1b). We
intend to publish this work elsewhere (Paynter & Flan-
agan 2004) so detailed descriptions of the site, methods
and analyses are not presented here. Four replicates of
the following herbicide treatments were performed,
with or without a bulldozing treatment: 
• control (no herbicide)
• single herbicide applications (fluroxypyr: Starane

300®; DowElanco Co, Frenchs Forest, Australia)
diluted to 0.5% v/v at 1.5–2 L ha–1) April 1998,
January 1999, December 1999)

• double herbicide applications (April 1998 + January
1999, April 1998 + December 1999, January 1999 +
December 1999)

• a triple herbicide application (April 1998 + January
1999 + December 1999).
The April 1998, January 1999 and December 1999

herbicide treatments, corresponding to the 1997/8,
1998/9 and 1999/2000 wet seasons, are henceforth
referred to as the 1997, 1998 and 1999 wet season treat-
ments, respectively. 

Following construction of a firebreak around the
study site perimeter, the burn treatment was conducted

on 3 November 2000. Fire passed through all plots,
burning for at least two weeks, until it was extinguished
by heavy thunderstorms.

Quantitative data on the impacts of the control treat-
ments on mimosa, competing vegetation and on the
relative abundance of four biological control agents
(N. gunniella, C. mimosa, C. pigrae, and Chl. mimosae)
was collected. A. puniceus could not be quantified (by
rearing beetles from seed: Wilson & Flanagan 1991)
because mimosa seeds most prolifically shortly after
the wet season (Lonsdale 1988), when the field site
could not be accessed due to seasonal flooding. M.
irregularis was not present at the field site during the
course of this study.

Results and discussion

Impact of control treatments on mimosa
Mimosa was initially present as a virtual monoculture

(mean percentage cover, aboveground biomass per
hectare and number of stems per hectare was estimated
at 96.3%, 39,279 kg (dry-weight) and 15,137, respec-
tively). Nevertheless, impenetrable thickets were turned
into productive, biologically diverse, grassland within
just a few years. Single treatments, however, did not
provide substantial control. For example, by November
2000, mimosa cover in plots left untreated following
single herbicide applications in the 1998 wet season was
just ca. 25% less than levels in the control plots (Table
1). Similarly, mimosa cover in bulldozed only plots was
ca. 50% of control levels and fire reduced mimosa cover
by only ca. 30% in unsprayed, non-bulldozed plots
(Table 1). 

Repeat herbicide applications were generally more
effective than single applications, as were combined
herbicide and bulldozing treatments, compared to either
treatment in isolation (Table 1). Fire was generally most
effective in bulldozed plots where compaction of dead
mimosa branches should have enabled a hotter, more
destructive, fire to occur (Lonsdale & Miller 1993). 

Impact of control treatments on biological 
control agents

Biological control agent populations were remarkably
resilient, indicating that they either survived the control
treatments or their dispersal abilities were sufficient to
rapidly re-colonise plots. N. guniella and C. pigrae are
known to disperse extremely rapidly over many kilome-
tres. For example, N. guniella spread at least 160 km
within two years of release (Wilson & Forno 1995).
Abundance of all agents was unaffected by, or even
increased following, herbicide and bulldozing treatments
(e.g. N. gunniella; Fig. 2a) and fire was only detrimental
to C. mimosa (Fig. 2c). The decline of C. mimosa
following the fire was probably because few regener-
ating plants were large enough to support larvae, rather
than a poor ability to recolonise plots. However, C.
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mimosa is less mobile than other agents — invading at a
rate of ca. 2 km yr–1 (Ostermeyer 2000), so this agent
may be prone to local extinction when very large or
isolated mimosa stands are treated.

The best combination of treatments 
to clear thickets

Fire is essential to clear thickets (including deadwood)
and enable vehicular access if mimosa-infested flood-

plains are to be cleared for cattle grazing. This allows
cattle to be herded and other property maintenance to be
conducted and facilitates ground control of regenerating
seedlings to prevent reinvasion, especially in heavily
grazed or trampled areas. Although this study indicates
bulldozing or a single herbicide application should enable
a successful fire treatment (Table 1), in practice, these
treatments left sharp stumps that could stake car tyres. A
single herbicide application, followed by a bulldozing
treatment and fire, cleared stands more effectively. 

 
 
 

 
 
 

 

 

                           
   

   
   

 
   

   
   

   

                 

   
   

   
 

   
   

   
   

 

 

 
 
 
 

 
 
 
 

 

 

 

 
 
 
 

 
 
 
 

 

 

 

 
 
 
 

 
 
 
 

 

 

 

 
 
 
 

 
 
 
 

 

          

Figure 1. Summary of treatments for one replicate of: (a) the original experimental design. Bulldozed = plots crushed by
bulldozer. Burn = sub-block to be burnt in the 1999 dry season. Herbicide applications: no shading = unsprayed;
vertical shading = 1997 wet season; diagonal shading = 1998 wet season; stippled = 1997 + 1998 wet seasons. (b)
The final design: herbicide and bulldozing treatments as above, but grey shading = plots also sprayed in 1999 wet
season. Both sub-blocks were burnt. Numbers within each plot refer to positions of permanent quadrats (m).
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If vehicular access is unnecessary, so that fire is not
required to clear deadwood (e.g. when controlling
patches of mimosa in a national park), control costs are
considerably lower, and the potentially adverse effect
fire has on competing vegetation that can suppress
mimosa seedling establishment (Lonsdale & Farrell
1998) can be avoided. This study indicates two aerial
herbicide applications in consecutive years (costing ca.
$40 ha–1; Table 2) would greatly reduce the mimosa
infestation (Table 1) and enhance N. gunniella abun-
dance whilst having no detrimental impacts on C.
mimosa (Fig. 2). 

Conclusions

An unexpected feature of this study was the low degree
of mimosa reinfestation following control. For
example, mimosa cover remained at very low levels in
bulldozed plots treated with repeat herbicide applica-
tions in 1997 and 1998 (at a cost of ca. $130 ha–1),
almost two years after any control measures had been
applied to those plots (Table 2). This is remarkable,
considering the highly invasive nature of this weed
during the 1970s and 1980s, when populations doubled
in size every 1.2 years and thickets advanced at a rate of
76 m yr–1 (Lonsdale 1993). This also compares very
favourably to a cost of ca. $1000 ha–1 spent on a five-
year management program from 1991–1996 (Anon.
1997), during which an infestation was treated with
herbicide the equivalent of three times, yet only
reduced mimosa cover by ca. 80–90%, so that

continued control efforts were still required (Cook
1996). We believe there are two explanations for this:
1. Eradication of feral water buffalo Bubalis bubalis

Lydekker during the late 1980s and early to mid-
1990s will have reduced overgrazing of competing
vegetation, allowing competitive perennial species
to recover (Braithwaite & Roberts 1995) and, there-
fore, reduced the ability of mimosa to reinvade
(Lonsdale 1993). 

2. Spatial models of invasive legume shrubs (Rees &
Paynter 1997, Rees & Hill 2001) suggest that by
reducing fecundity (Lonsdale & Farrell 1998)
biological control may have enhanced the impact of
control treatments by reducing seedling regenera-
tion, due to smaller seed banks and reduced reinva-
sion from dispersing seed. High levels of N.
gunniella herbivory in treated plots (Fig. 2a) should
have enhanced this effect by stunting seedlings, thus
reducing their probability of survival during wet
season floods (Paynter & Hennecke 2001), when
entire cohorts of seedlings can drown (Lonsdale &
Abrecht 1989). It is also likely that N. gunniella
herbivory delays sexual maturity of regenerating
mimosa, so that plants can be treated by ground
control operations before they set seed (Colin
Deveraux, personal communication).
There are two potential explanations why N.

gunniella abundance increased relative to mimosa in
treated plots. Firstly, N. gunniella larvae can complete
their development before plants treated with herbicide
die, so a treatment that kills most plants should increase

Table 2. Approximate costs of the control treatments (M. Ashley & C. Deveraux,
personal communication). The cost for the fire treatment is the estimated cost of
creating and supervising a firebreak around the perimeter of a 100 ha mimosa
stand.

Treatment Approximate cost ha–1 (A$)

– bulldozing + bulldozing

– fire + fire – fire + fire

Control 0 30 60 90
Single herbicide application 20 50 80 110
Two herbicide applications 40 70 100 130
Three herbicide applications 60 90 120 150

Table 1. The effect of herbicide and bulldozing treatments on percentage cover of mimosa recorded in
November 2000 (before the fire treatment) and in December 2000 (after the fire treatment).

Treatment Approximate reduction in percentage cover of mimosa

Nov 2000 (pre-fire) Dec 2000 (after fire)

– bulldozed + bulldozed – bulldozed + bulldozed

Control 0% 50% 30% 95%
Herbicide (1997) 60% 95% 65% 100%
Herbicide (1998) 25% 90% 70% 100%
Herbicide (1999) 99% 99% 100% 100%
Herbicide (97+98) 95% 100% 99% 100%
Herbicide (97+98+99) 95% 99% 99% 100%
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N. gunniella abundance, relative to surviving mimosa
plants (Paynter 2003). However, this could not explain
increased N. gunniella abundance following the fire
(Fig. 2a), which would have also killed N. gunniella.
We believe a second explanation, based on the finding
that N. gunniella attack is aggregated at stand edges
(Smith & Wilson 1995), is more likely. By reducing
mimosa populations from dense thickets to smaller
patches or individual plants, control treatments will
have increased the ratio of “edge” plants to “interior”
plants and, therefore, the proportion of plants suscep-
tible to N. gunniella attack. Indeed, N. gunniella abun-
dance increased exponentially as the percentage cover
of mimosa declined (Fig. 2b).

Failure of N. gunniella to control untreated mimosa
populations, despite high levels of recorded damage
(Lonsdale & Farrell 1998) may, therefore, be due to
the aggregative attack of this species creating “partial
refuges” for plants in the centre of thickets, which
escape high levels of herbivory. By greatly increasing
the proportion of plants susceptible to herbivory by N.
gunniella, herbicide application, bulldozing and fire
will have enhanced the impact of biological control.
This study, therefore, demonstrates the value of inte-
grating biological control with other options to signif-
icantly reduce the cost of managing weeds and
supports the suggestion by Lindgren et al. (2000), who
noted that the use of herbicides to clear infestations of
weeds may accelerate the classical control of weeds.

As for many weed control programs (e.g. Cullen
1996), previous “integration” of techniques for
mimosa was limited to using herbicides in areas where
complete control was required and relying on biolog-
ical control in areas where eradication was no longer
an option. For example, mimosa growing in riverine
habitats in the upper river catchments has been consid-
ered a priority for herbicidal control, to prevent more
seed being dispersed downstream. Biological control
is considered to be the most suitable option for large,
intractable infestations on floodplains. We believe this
viewpoint may no longer hold true. Although most
agents are widespread, Carmenta mimosa remains
absent, for example, from the upper Adelaide and
Finniss Rivers (Ostermeyer 2000). Plants overlooked
by control operations in these habitats are highly
fecund compared to plants growing where C. mimosa
is common (Q. Paynter, unpublished data). We
believe releases of C. mimosa should be made in these
riverine areas, even if there is a risk that release sites
will be treated with herbicide. Furthermore, the
control work at Wagait has shown that large infesta-
tions can be cleared, using herbicides, and the flood-
plain then used for profitable cattle grazing
enterprises, despite the presence of large stands of
untreated mimosa on neighbouring properties acting
as sources of seed (C. Deveraux, pers. comm.).

Figure 2. (a) Effect of herbicide and bulldozing treat-
ments on Neurostrota gunniella abundance
[mean no. frass holes per 50 cm stem (±SE)] in
1999 and overall abundance in 2001, following
the fire. Columns with the same letter are not
significantly different (LSD). 
(b) Neurostrota gunniella abundance versus
percentage cover of mimosa recorded in 1999.
Loge (no. frass holes +1) = 2.793e–0.0063x ,
R = 0.91, P<0.001. 
(c) Effect of herbicide and bulldozing treat-
ments on Carmenta mimosa abundance [mean
no. frass holes per 5 min count (±SE)] in 1999
and overall abundance in 2001, following the
fire.
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Implications for IWM

To summarise, the major findings of the above work are
as follows.

1. Herbicide, bulldozing or fire treatments do not
necessarily reduce biological control agent attack
and may even result in an increase in the level of
damage they inflict on the target plant. 

2. Theoretically, the impacts of control treatments on
attack rates could have been predicted from obser-
vations of insect behaviour (e.g. length of life cycle,
dispersal ability, pattern of attack) and plant
response to herbicides (e.g. time to morbidity and
death of plant tissues utilized by biological control
agents). 

3. To maximise the benefits of biological control for
integrated weed management of mimosa, a priority
should be to investigate how to fully integrate
biological control with other methods, rather than to
separate them spatially.

To develop further recommendations based on these
observations, it is useful to consider why integrated
control may fail or not be adopted or not even be appre-
ciated. Potential reasons for the failure of integration
fall into three main categories:

Insufficient data exist 

The extreme case will be where there are no impact
data at all. There will clearly be a low priority for incor-
porating biological control in an IWM strategy if the
benefits of biological control have not been demon-
strated. Quantitative evaluation of biological control
agent performance is therefore essential, if cynics are to
accept the recently quoted ca. 80% success rate for
biological control of weeds, which includes partial
successes (e.g. McFadyen 1998). This can be a chal-
lenge, as the full benefits of control may not be
confined to the sites where biological control agents are
deployed. For example, a successful biological control
program against ragwort in western Oregon (Coombs et
al. 1996) caused a reduction in plant fecundity, which
was correlated with a decline in the rate of new ragwort
infestations many miles away in eastern Oregon
(Isaacson et al. 1996). Indeed, an unsuccessful program
may, theoretically, provide benefits that outweigh
costs, even though a weed might continue to invade and
its impact increase. For example, Paynter et al. (1996)
predicted that seed-feeders were unlikely to have a
major impact on existing Scotch broom stands, but
should reduce the rate of invasion, making infestations
easier to contain with herbicides. Therefore, even if the
ongoing Australian Scotch broom program fails to
control existing stands, the introduction of Bruchidius
villosus L. may have provided benefits that outweigh
the costs of the program, by slowing the invasion —
even if broom continues to invade. 

Treatments cannot be integrated 
In this instance, control options are incompatible –

for example, where mortality of the target weed may
result in high mortality and even local extinction of
biological control agents, reducing their effectiveness
(e.g. Zimmermann & Neser 1999). Mimosa agents inte-
grated well with control treatments (Fig. 2). This ability
was not only related to their ability to survive certain
treatments, but also their capacity to rapidly recolonise
regrowth following control treatments that would have
cause local extinction (i.e. the fire treatment). More
work is required if we are to be able to understand why
agents can survive or even thrive following control
treatments. For example, are multiple-brooded species,
with overlapping generations, less vulnerable to herbi-
cide treatments because a proportion of individuals will
always be at a stage in their life cycle that can survive
the death of a host plant (e.g. Paynter 2003)? In
contrast, a sub-optimally timed herbicide application
might kill an entire generation of a single-brooded
species. Are agents that aggregate on isolated or “edge”
plants more likely to thrive in an IWM program because
their good dispersal abilities enable them to locate
isolated plants regenerating after control treatments
have been applied? Should this influence how we select
potential biological control agents?

As well as investigating optimal timing of control
applications, it has also been postulated that, where
treatments are harmful to biological control agents,
maintaining a mosaic of treated and untreated areas as
sources for insect reinvasion might benefit a control
program (Briese 1996). However, such a policy may
also allow a weed to reinvade. Clearly, the importance
of weed reinvasion from remnant patches will depend
on the relative importance of regeneration from the
seed bank versus regeneration from dispersing seed.
This is unlikely to be an issue on floodplains infested
with mimosa: the scale of the mimosa problem and the
good dispersal abilities of the agents make it likely that
some patches of mimosa, “within agent range” of
mimosa regenerating from control, will always be over-
looked by control operations or left untreated in areas
where it is uneconomic to attempt control. 

All other control options are uneconomic
In this scenario, the land is of such low economic

value and the weed is so widespread that biological
control is the only control option available — other
options are simply too costly. 

To summarise, we suggest the following are essen-
tial to improve the uptake and appreciation of the bene-
fits of biological control within IWM programs: 
• evaluation of agent impact on plant performance
• sufficient understanding of the ecology of a control

agent and the weed to understand the impacts of
control treatments on agent and weed populations,
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and the consequences, to both agent and weed
populations, of modifying treatments (e.g. optimal
timing of treatment applications or the provision of
untreated patches as ‘refuges’ for reinvasion) to
enhance the effectiveness of control 

• modelling or good quantitative data, in conjunction
with collection of economic data, to determine the
impacts and financial benefits of partial successes
on weed populations in IWM programs.
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