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Summary Weeds are one of the most serious en-
vironmental problems on the Ranger mining lease
(Ranger) and the surrounding Kakadu National Park
(KNP). Ranger and KNP have approximately 57 and
89 introduced species respectively with many found
in both. It is expected that mining and milling will
cease around 2008 and 2014, respectively, after which
rehabilitation will happen in a staged fashion. Weeds
have a significant potential to impact rehabilitation
and successful mine closure, and must be addressed
at the regional scale. One legislative requirement
of the Ranger Authorisation states that the goal is
to ‘rehabilitate the Ranger project area to establish
an environment similar to adjacent areas of Kakadu
National Park such that, in the opinion of the Com-
monwealth Minister with the advice of the Supervising
Scientist, the rehabilitated area could be incorporated
into Kakadu National Park’. Interpretation of the above
legislative requirement into that which is applicable
and technically meaningful is the subject of this study.
This paper discusses how closure criteria for weeds on
the Ranger lease are being developed through a system
of stakeholder consultation, weed risk assessment and
mapping of weeds at Ranger and in KNP.
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INTRODUCTION

The Ranger mine lease (79 km?) is surrounded by the
World Heritage Kakadu National Park (19,804 km?)
and both are situated in the monsoon tropics of the
Northern Territory (Figure 1). Weeds are currently
spreading rapidly in the region, particularly perennial
grasses such as Pennisetum polystachion (L.) Schult.
and Hymenachne amplexicaulis (Ridge) Nees. At
least 57 weed species have been identified on Ranger
(Gardener et al. 2005) and 89 species at KNP (Cowie
and Werner 1993). Most of these weeds are not recent
imports. Between the 1930s and the 1970s the Alligator
Rivers region was used extensively for pastoralism. In
1979, land use and management of the region diverged.
Stage 1 of Kakadu National Park was proclaimed and
construction of Ranger mine commenced. Hence, both
Ranger and the surrounding KNP have a long history
of disturbance.

Although Ranger lease has had extensive distur-
bance over about 1000 ha from 25 years of mining, the
rapid expansion of weeds is only recent with a more
than 30% increase between 2003 and 2005 (Gardener
et al. 2005). KNP also has sites of historical distur-
bance resulting in weed invasion, particularly around
old pastoral and research stations, historic mine sites
and the township of Jabiru. In 1986 no alien species
were recorded in open forest, sandstone scrub or sand-
stone woodland with invasions being restricted to areas
with human disturbances (Cowie and Werner 1993).
However, by 2005, weeds, in particular grassy weeds,
had invaded many open forest and woodland areas.

It is expected that mining will cease around 2008
and milling in 2014 after which rehabilitation of the
mine site will happen in a staged fashion. Weeds will
greatly hinder the success of rehabilitation efforts in
at least two ways. Firstly, they will directly compete
with establishing native plants and secondly they will
increase fuel loads and thus the chance of destruc-
tive fires. The Ranger Authorisation (the legislated
environmental requirement) states that the goal of
rehabilitation is to ‘rehabilitate the Ranger project area
to establish an environment similar to adjacent areas
of Kakadu National Park such that, in the opinion of
the Commonwealth Minister with the advice of the
Supervising Scientist, the rehabilitated area could be
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Figure 1. Location of the Ranger mine and Kakadu
National Park in the Northern Territory of Australia.
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incorporated into Kakadu National Park’. Whilst the

Ranger Authorisation clearly outlines the overall goal

of rehabilitation, further clarification is needed in re-

gards to what constitutes aspects such as ‘environment’
and ‘analogue’ in regards to weeds. For example, all
stakeholders have agreed that the adjacent National

Park is not “pristine’ or weed free. Therefore, if a weed

free goal is adopted as the basis for closure criteria of

the mine, failure to reach this threshold is guaranteed.

The weed literature (e.g. Rejmanek and Pitcairn 2002)

shows that total eradication of a single species over

areas more than 1000 ha is not achievable.

A workshop held in October 2005, involving all
the key stakeholders, developed a broad aim to inform
weed management on the lease, which was: ‘A self-
sustaining ecosystem that fulfils the physical, cultural
and spiritual needs of the traditional owners when
subject to a traditional land use’, whereby:

1) Weeds should not threaten the achievement of the
objective;

2) The ecosystem fulfils the needs of the traditional
owners;

3) Itis a self-sustaining natural ecosystem; and

4) The cost of weed management is similar or less
expensive than in the surrounding National Park,
as relevant to an appropriate analogue yet to be
determined.

A key action to fulfil this vision is the development
of realistic closure criteria that are agreed upon by
all stakeholders and can be used as a guide to assist
monitoring and provide thresholds for management
intervention. This paper will discuss the process of
developing closure criteria using three methods:

1) Consulting with stakeholders through all steps of
the process;

2) Using the NT Government Weed Risk Assessment
model to assess species found on the Ranger lease;
and

3) Quantifying the distribution and extent of weeds in
a 50 km buffer surrounding KNP as a baseline.

DEVELOPMENT OF CLOSURE CRITERIA
Stakeholder consultation and syndication The
process of developing closure criteria will be led by
ERA, lessees of Ranger, in conjunction with stakehold-
ers (Figure 2). Key stakeholders to be involved in this
process include Gundjeihmi Aboriginal Corporation
(GAC) and the Northern Land Council (NLC) which
represent the Mirarr Traditional Owners, the Office of
the Supervising Scientist (OSS) which represent the
Australian Government, and the Department of Pri-
mary Industries, Fisheries and Mining (DPIFM) who
represent the Northern Territory Government. Parks
Australia North (PAN) manages Kakadu National Park
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for the Australian Government but is not formally a
regulator of the mine. However, as the surrounding
neighbour, PAN is a very important stakeholder.

Weed risk assessment Weed risk assessment (WRA)
models are used by many government agencies to
determine invasiveness of species and to help direct
management efforts. For example, the Northern Ter-
ritory Government is currently adapting the South
Australian WRA (Virtue 2005) for local use. The
WRA system is a question-based scoring method, the
answers generating a comparative weed risk score and
a feasibility of containment score. The subsequent
matrix can then be used to give strategic guidance to
weed management.

Table 1 shows species prioritised for control on or
near the Ranger lease. These species have been ordered
according to a WRA model used by KNP based on
a system (Owen 1997) called the Effect on Systems
/ Biological Success Rating (EoS/BSR) (Table 1).
However, this system is not used by all stakeholders.
Therefore, the NT government WRA model will be
adopted to standardise results and will be used as the
means to prioritise species. This in turn will help focus
the collection of quantitative mapping data.

Define scope in consultation with
stakeholders

L

Do underpinning science (based on
mapping and weed risk assessment)

!

Develop robust, scientifically defensible and
realistically achievable outcomes

b

Take outcomes back to stakeholders for
comment

b

Seek approval from stakeholders through
the Mine Site Technical Committee
(the regulating body)

Figure 2. A schematic diagram of the proposed proc-
ess to reach consensus on closure criteria.



Mapping of weeds A clear picture exists of weed
distribution on the Ranger lease. ERA has conducted
extensive spatial surveys of the weeds on the lease in
2003, 2004 and 2005 (see Gardener et al. 2005) result-
ing in a series of maps showing number of species, area
and density. These maps are accurate to 10 m. How-
ever, no comparable mapping exists for the adjacent
KNP. To get an understanding of weed diversity and
distribution in KNP, ERA in collaboration with key
stakeholders, Environmental Research Institute of the
Supervising Scientist (eriss) and PAN, will determine
an appropriate analogue in the National Park adjacent
to the mining lease.

Several data sources exist to build a picture in this
analogue area. The NT Government Herbarium, eriss
and PAN have significant location data for introduced
species, including around Jabiru township. Although
these data give an idea of the number of species and
distribution of weeds, there is seldom an associated
area or density. The KNP weed management team
has a database of management work completed, which
includes species, GPS location, time spent managing
particular weeds and quantity of herbicide used. From
these data an approximate weed area can be calculated
by using either time spent managing the weed or
quantity of herbicide as a surrogate. These data and
similar data collected on the Ranger lease will be
used to model the area of weeds in the region. Some
‘ground-truthing’ of areas will be required to check
the validity of the surrogate.

Closure criteria A series of draft closure criteria will
be produced once an adequate understanding of what
is both technically feasible and publicly acceptable has
been reached for weed management on Ranger upon
closure. These criteria will provide thresholds to trigger
weed management intervention on the lease towards
closure, and will also allow a transparent method of
assessing whether Ranger is meeting its legislative
and community obligations. Examples of draft closure
criteria are presented in Table 2. These include require-
ments outlined in the NT Weed Management Act 2001
and some more quantitative targets based on weed
densities in the surrounding KNP.

CONCLUSIONS
The outcomes of this project will be closure criteria
that are realistic, measurable and based on the best
available science. These closure criteria will have
been developed by ERA in close collaboration with
all stakeholders with consultation and consensus being
required at each step of the process. Closure criteria
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Table 1. Priority weeds in the region surrounding
Ranger mine ordered using the EoS/BSR model.
Weeds declared under the NT Weed Management Act
2001 are shown for comparison.

Species Declared
Urochloa mutica*® (Forssk.) Nguyen

Pennisetum polystachion (L.) Schult. Yes
Pennisetum pedicellatum Trin.

Senna alata (L.) Roxb. Yes
Senna obtusifolia (L.) Irwin & Barneby Yes
Macroptilium atropurpureum (D.C.) Urb.
Calopogonium mucunoides Desv.

Crotalaria goreensis Guill. & Perr.

Themeda quadrivalvis (L.) Kuntze Yes
Andropogon gayanus Kunth

Salvinia molesta D.S.Mitch. * Yes
Hyptis suaveolens (L.) Poit. Yes
Stylosanthes sp.

Sida acuta Burm.f. Yes
Sida cordifolia L. Yes
Sida rhombifolia L. Yes
Ipomoea sp.

Fassiflora foetida L.

Hibiscus sabdariffa L.

Cenchrus echinatus L. Yes
Hymenachne amplexicaulis (Rudge) Nees* Yes
Khaya senegalensis (Desr.) A.Juss.

Mimosa pigra L.* Yes

* Not currently known on Ranger lease.

will provide thresholds to trigger the implementation
of stringent weed management programs on the lease
towards closure, and will also allow a transparent
method of assessing whether Ranger is meeting its
legislative and community obligations.
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Table 2. Examples of draft closure criteria for weeds on Ranger. These criteria need to be stakeholder approved

and signed off through the regulatory forum of the Mine site Technical Committee.

Criteria and intent

Guidelines for acceptance

Standard

Corrective action

Are there any weeds present that
are declared under the NT Weeds
Management Act 2001 in higher
densities than the surrounding
Kakadu National Park?

Do any WRA priority weed
species exceed densities
occurring in the surrounding
Kakadu National Park?

Do any other non priority weed
species exceed levels agreed
upon as satisfactory by the
stakeholders?

Are there any weeds found on
the Ranger Lease but not found
in the surrounding Kakadu
National Park?

That all populations of
declared species are below the
analogous density.

That all populations of
priority species are below the
analogous density.

That all populations of other
species are below threshold
levels.

That all populations of these
potentially invasive species
are below threshold levels.
If the species are of limited
distribution, this threshold
could be zero.

Current list of declared
species under the NT
Weed Management Act
2001.

Densities of priority
species in surrounding
KNP as determined

by robust scientific
method and stakeholder
consensus.

Threshold levels as
determined by WRA and
stakeholder consensus.

Populations do not
establish in the long term
and are eradicated when
of sufficiently limited
distribution.

Best-practice chemical
or physical control of
weeds, as recommended
by the NT Government.

Best-practice chemical
or physical control of
weeds, as recommended
by the NT Government.

Best-practice chemical
or physical control of
weeds, as recommended
by the NT Government.

Regular surveys for
new weed species and
education of field staff
of potential weeds.
Best-practice chemical
or physical control
and, where possible,
eradication.
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