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Summary Although it is widely accepted that weeds
have economic, environmental and social impacts,
most economic studies undertaken on weeds have
been limited to ex post evaluation of weed manage-
ment programs. Very few studies have explored the
integration of ecological and economic metrics to form
the basis of management decisions involving exotic
invasive species. With the paucity of bioeconomic
information, most efforts to address the impacts of
invasive species on natural areas and in agricultural
lands have been ad hoc. Evaluating future management
scenarios using both economic models and GIS-based
projections of weed invasions could minimise the
guesswork on the best remedial action, which could
optimise the allocation of limited funds. This paper
presents a conceptual framework for a bioeconomic
model and its potential in evaluating remedial action
for priority invasive species such as Mimosa pigra L.
in Central Queensland.
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INTRODUCTION

It is widely acknowledged that weeds, or species
simply out of their natural habitat, can cause unwanted
economic, environmental and social impacts. In Aus-
tralia, the economic impact of weeds are estimated
to be around $4 billion per year (Sinden et al. 2004),
an amount considered to be greater than reported
impacts of salinity problems. The $4 billion estimate
does not include loss of outputs from natural areas,
thus underestimating the overall impacts of weeds.
Invasions by weeds in natural areas are major threats
to biodiversity in nearly every geographical region
(Adair and Groves 1998).

Mitigating potential and actual losses is often a
challenge for decision makers who are confronted
with ecological and economic uncertainties (Per-
rings 2005). As a consequence, weed control and
management becomes ad hoc and often dependent
on anecdotal evidence and overseas information on
impacts of weeds. However, every decision on weed
management is considered an investment affected by
an amalgam of social, economic and ecological factors

(Saphores and Shogren 2005). An analysis integrating
GIS and economic information would be useful tool
to aid policy decisions.

There are two clear alternatives when weed infes-
tations have been identified: to manage or not manage
such infestations. These decisions depend to a large
extent on the perceived risk of further spread, the type
oflandscape and land uses potentially affected and the
probability of success of containment or eradication
strategies. These types of information are useful in de-
cision making especially when a long-term eradication
program is imminent. This paper attempts to predict
spread scenarios using GIS maps, identify costs and
benefits in the spread scenarios and assess the values
of affected land uses using the Mimosa pigra L. infesta-
tion at Peter Faust Dam.

MATERIALS AND METHODS

This study entailed:

1) Description of reference case study and sce-
narios.

2) Generating relevant GIS maps showing areas of
spread as affected by wind and water dispersal in
four different scenarios (5 years, 10 years, 20 years
and 50 years).

3) Assessing the areas of potential impacts on land
uses such as sugar and cattle production. These
also include estimating the value of recreation
fishing (note that this component of the study is
still in progress).

4) Assessing the cost of predicted spread in terms of
value of lost production, especially with respect
to major land uses such as the sugarcane and cat-
tle production, with qualitative reference to lost
outdoor recreation opportunities and the potential
threat to wetland areas.

5) Assessing the net benefits of undertaking the
alternative scenario using a simple cost-benefit
framework. The benefits of the alternative scenario
would be equivalent to at least the present value
of lost production under the base scenario.

Case study area M. pigra infestation has been a con-
cern in Queensland since its discovery at Peter Faust

667



Fifteenth Australian Weeds Conference

Dam in 1996, which is situated about 25 km west of
Proserpine (Figure 1). M. pigra has been in Australia
since 1891, but was mostly confined to the Northern
Territory where it is considered beyond eradication.
The National and Territory Governments spend mil-
lions of dollars per year on its control (Walden et al.
2004). The Queensland infestation has the potential to
escalate to, if not more than, the level of the Northern
Territory experience. Peter Faust Dam is a famous
destination for recreational fishing and water sports
and is close to sugar and pastoral industries, as well
as wetlands of national and international significance.
The impacts of weeds have not previously been for-
mally assessed in an ex ante basis in Queensland.

A typical M. pigra stand has an average of one
plant m? and is capable of producing 9000 seeds m™
of canopy. Wind, water, animals and vehicles can be
vectors of spread. With wind factor alone, the fastest
linear spread of M. pigra is 18.3 m year' (Lonsdale
1993). Higher rates of spread were observed in wet-
lands along the Adelaide River with an average of 76
m year! indicating that spread by flotation is more
threatening than wind dispersal. Compounding the
impacts from the exponential nature of the weed’s
spread is the fact that density increases over time in
areas already affected, crowding out existing flora
and affecting species composition. Seedpods can float
since they are covered with bristles. The seeds can

survive 23 years on sandy soils. In isolation, plant
coverage is larger, with the plants capable of producing
220,000 seeds per year.

Reference case The reference case is the present
scenario where current resources are invested to assess
and manage the risk of spread. A Mimosa stakeholder
committee consisting of landholders and representa-
tives from affected Local and State Government agen-
cies are currently undertaking management and control
activities such as information/education programs,
eradication, prevention and research and development.
These activities cost about $0.5 million each year.

The major land uses affected are grazing, sugar
cane production and recreational uses (e.g. fishing,
camping and pig hunting) of the dam and nearby areas.
The threat to the nearby wetlands, Goorganga Plains,
is also included in the analysis.

Alternative management The management alterna-
tive is the adoption of more intensive management
activities in order to protect the benefits from existing
land uses. Increasing the current level of management
and control means increased costs. The present value
of the cost of these activities should not exceed the
present value of potential production losses in the
reference case for net benefits to be realised.
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Figure 1. Peter Faust Dam and surrounding areas.
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RESULTS

Areas and values of affected land uses More than
half of the study area is devoted to cattle production.
In 2001, the Mackay-Whitsunday Region produced
about 5% of Queensland’s total animal disposals,
valued at about $237 million. Sugar production, valued
at $150 million in 2001, is also a significant land use
in the region, about 26% and 24% of Queensland and
Australian production, respectively. The region also
produced $230 million worth of other agricultural
crops in 2001.

Spread scenarios Figure 2 shows a spread sce-
nario of Mimosa in the Peter Faust Dam area under 5,
10, 20 and 50 year scenarios as shown by different
shading. The rate of spread by wind and water was
78 m year! (Lonsdale 1993). The 50 year scenario
also includes a 1:50 year flood event (J. Williams pers.
comm.).

Table 1 shows affected land use areas under the
four scenarios of spread and corresponding percentage
reductions relative to base case. If the present level of
management and control activities is maintained, M.
pigra is predicted to spread through wind and water
vectors, with the most affected land use being the water
resource, Peter Faust Dam. This is the most alarming
impact, since removal of the seeds under water would
be an almost impossible task, exacerbated by the
resilience of the seeds, which can remain viable for 23
years in sandy soils. The dam will be severely limited
in its capacity to provide quality water for domestic use
and for irrigation, not to mention the threat to closure
of outdoor recreation activities in order to minimise
weed seed spread.

Under each scenario the impacts to sugar cane
production are greater than cattle production. For ex-
ample, under the 20 year scenario, land areas devoted
to sugar and cattle production are reduced by 17% and
2%, respectively.

Several assumptions were made when estimating
the values of production that need to be protected from
M. pigra infestation. Firstly, there will be correspond-
ing decreases in value of production due to the spread
of M. pigra. With the paucity of ecological modelling
regarding rates of spread in different landscapes or
land uses, this study assumes a direct relationship be-
tween area and value of production. When estimating
the present value of benefits, a discount rate of 6% is
adopted (Table 2). It is further assumed that the cur-
rent level of expenditure (reference case or the first
alternative) is maintained regardless of the extent of
spread of M. pigra. In reality, landholders may see an
incentive to increase control activities when confronted
with M. pigra infestations. However, any increase in
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Figure 2. Spread scenario over 5 (darkest shade), 10,
20 and 50 years (lightest shade). The 50 year scenario
also contains a 1:50 year flood event.

Table 1. Percentage reduction of land use areas af-
fected by Mimosa under four scenarios.

Land Use Sy 10y 20y 50y
Reservoir/dam 99 99 99 99
Sugar cane 4 8 17 33
Cattle 0 1 2 5
Not allocated 11 20 25 30
Unknown 1 1 2 6
Freehold unknown 1 1 2 8
Urban residential 1 1 3 9
SL 2 3 3 3
Urban Industrial 2 3 4 5
Forestry 0 1 2 9
Urban Institution 3 12 24 30
Orchards 0 0 1 23
State Forest 0 0 0 1
Urban Commercial 0 0 1 2
Other cereal/grain 0 0 0 57
National Parks 0 0 0 0
Railway 1 2 3 7
Infrastructure 0 0 0 0

private control costs will also increase total costs of
control activities.

The analysis shows that the current level of ex-
penditure of $0.5 million on management and control
activities is not sufficient as this would still result in
$5.8 million losses in production in the cattle and
sugar industries. The losses in these industries alone
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can give an indication of the need to increase current
control and management programs to avert potential
losses due to wind and water dispersal of current M.
pigra infestations.

Potential losses as estimated in this study do not
include decreased opportunities for or even closure of
outdoor recreation activities at the dam and the threat
to nearby Goorganga wetlands, National Parks and
State Forests. A more extensive study is required for
their inclusion. Thus, estimates of values of outdoor
recreation opportunities and threats to biodiversity
values in natural areas are also required for a more
comprehensive analysis.

CONCLUSION

The future impacts of weeds in Queensland have not
been formally assessed, although maps describing cur-
rent and potential areas of spread for various species
have been recently available. Without such assessment,
weed management will continue to be ad hoc and
largely dependent on past evaluations of weed manage-
ment programs. There is a great promise of integrating
biophysical information such as maps of potential
spread with traditional economic models in order to
estimate the value of weed impacts and the net social
welfare of alternative management strategies.

Outcomes from using the bioeconomic model
depend largely on the assumptions of ecological-eco-
nomic relationships and representations. Other factors
such as the availability and accuracy of biophysical
and economic information will also affect the result
obtained in using the bioeconomic model.

The bioeconomic modelling of weeds in Queens-
land in an ex ante basis is a useful tool when develop-
ing policies for weed control and management. How-
ever, bioeconomic information is only one of several
inputs in most policy decisions. Policy decisions are
constrained by other factors such as institutional,
industry and community requirements.
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Table 2. Present value of lost cattle and sugar pro-
duction.

Scenario  Present value of affected benefits ($million)
(year) Cattle Sugar Total
5 0.64 5.34 5.98
10 1.34 8.64 9.98
20 2.00 10.52 12.52
50 1.84 4.44 6.28

PestlInfo staff at the Queensland Department of Natural
Resources, Mines and Water.
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