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Abstract

Wetlands of northern Australia are under increasing threat due to changes in the water regime,
pollution, invasive species and physical alteration. Management issues also include the
continued development of tourism and recreational facilities, mining and agriculture. Whilst
such problems occur the wetlands are relatively intact compared with those elsewhere in
Australia. Nevertheless, active conservation management is required and priority actions and
sites need attention. An overview of the major issues affecting wetlands in northern Australia
is given.

1 Introduction

The ecological character of wetlands in northern Australia (the Wet-Dry tropics) has been
described and the major threats or management problems identified (Arthington & Hegerl
1988, Finlayson et al 1988, 1991, Finlayson & von Oertzen 1993, Blackman et al 1993,
Fleming 1993, Jaensch & Lane 1993, Jaensch 1994, Finlayson et al 1998, Storrs & Finlayson
1997). These reviews and more recent reports on specific localities (see, for example, papers
in Finlayson 1995, Jonauskas 1996) have also identified major gaps in our knowledge of
management issues (threats) affecting wetlands.

Comprehensive information on the extent of wetland loss and degradation in northern
Australia is not available. Further, most of the information only addresses the ‘apparent’
reasons for wetland loss and degradation (such as weed invasion, drainage) and little attention
has been directed towards the ‘underlying’ socio-economic and political reasons. General
information on the underlying reasons for wetland loss and degradation can be found in Hollis
(1992), Finlayson (1994), Hollis and Finlayson (1996), but there is little information specific
to northern Australia.

Information on the apparent reasons (sensu Hollis 1992) for wetland loss and degradation is
uneven. An overview of this information is presented below, based primarily on reviews by
Storrs and Finlayson (1997) and Finlayson et al (1998). The overview is based on information
obtained from the literature and from workshops held to address management and research
issues (see above references). The major management issues are described under the
following headings: water regime; water quality; biodiversity and conservation; sectoral and
social; and restoration and creation. Given that some issues have multiple effects on wetlands
they are mentioned under more than one heading.
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2 Water regime

The water regime of wetlands across northern Australia is increasingly being adversely
affected by human activities. These include the construction of barrages and dams, and the
expansion of irrigation, agriculture and mining. Added to this is the ‘wicked’ problem of
global climate change and sea level rise (Bayliss et al 1998). Thus, the water regimes are
being altered — flows disrupted or even stopped, water diverted and stored, and released
aseasonally. Effective management of the water regime entails a holistic approach that
includes steps to address catchment and even inter-catchment and global influences. The
water regime of a wetland should be considered as an all encompassing concept that is
comprised of a complex set of processes that affect most aspects of a wetland. These include
the source, amount, and spatial and temporal distribution of sediment inputs, and the
distribution of the biota.

Further, the water regime is widely recognised as probably the single most important
determinant for the establishment and maintenance of specific types of wetland habitats and
wetland processes. Gehrke (1995) claims that ‘The combined effects of river regulation pose
the greatest threat to aquatic ecosystem processes... . Fortunately, the massive changes to
water regimes, as seen in southern Australia (see, for example, Gehrke 1995) are not as
common in northern Australia. Therefore, when referring to water regimes, northern
Australian wetlands are comparatively undisturbed. Lake (1995), however, issues a note of
caution and warns that the wetlands of northern Australia are being exposed to threats before
there is even a rudimentary understanding of their ecology.

Overall, regulation of the water regime for human and agricultural use is not currently a
widespread concern. However, the environmental and economic implications of constructing
dams/barrages on the highly seasonal rivers and estuaries are not known.

2.1 Irrigation and agriculture

Major alteration to the water regime for human and agricultural use has greatly affected the
Ord River in the Kimberley. The Ord is regulated by two dams, one at Lake Kununurra
constructed in 1963 and the other at the larger Lake Argyle which was completed in 1972 and
located 52 km upstream (Graham & Gueho 1995). It is planned to augment the 15 000 ha of
land currently irrigated by a further 25 000 ha and eventually reach 70 000 ha in total.
Nevertheless, the success of the Ord River Irrigation Area, after a long period of cropping and
marketing trials, could encourage further damming of rivers. Sugar cane has recently been
hailed as a successful crop and there are plans to recommence cotton growing (ASTEC 1993).
There are also increasingly regular calls for the development of other irrigation schemes (eg
on the Fitzroy River in Western Australia).

In the past, broad-scale agriculture in northern Australia has not been overly successful with
the failed rice development at Humpty Doo in the Northern Territory being a well known
example (Mollah 1982). The problems with agricultural development in northern Australia
were critically and controversially identified two-three decades ago by Davidson (1972).
Agriculture has been constrained by infertile, leached soils, a harsh climate, and an abundance
of pest species. Cropping and horticulture are not major issues within wetlands in northern
Australia. However, further development for agricultural use cannot be ruled out. This
includes regulated grazing of buffalo and cattle, and the development of land for horticulture,
rice and tree crops such as mangoes and cashews.
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As a consequence of the construction of the dams on the Ord the river now runs all year round
downstream of the dams and discharges into Cambridge Gulf. Thus, the Ord is now one of a
small number of perennial rivers in northern Australia. There is little information on the effect
of the river flow on the wetland conservation area of Parry Lagoons downstream of the dams
(Graham & Gueho 1995). Further, the effect on the groundwater has not been ascertained.
The importance of seasonal flows along these rivers for stimulating fish migrations and
spawning and to flush vegetation and sediment from channels and waterholes is now well
known (Griffin 1995, Lukacs 1995, Bishop et al 1995). Continuous flow or aseasonal releases
of water can degrade the river channels through waterlogging of the banks and consequent
slumping, loss of riparian vegetation, increased erosion and sedimentation, and encouraging
the establishment of weed species (Bunn & Davies 1995, Lukacs 1995).

2.2 Grazing and ponded pasture

The water regime of wetlands is also under threat from steps to increase the potential for
grazing of cattle and buffalo. Specifically, the construction of ponded pastures, usually with
introduced grass species, has become a contentious issue in Queensland and is developing in
the Northern Territory. Large scale artificial ponding on the floodplains has the potential to
diminish the primary productivity of the estuaries by retaining water rather than allowing it to
run-off at the end of the Wet season (Griffin 1995). In the Northern Territory, such ponding is
primarily an issue on the Mary River and it is intertwined with attempts to combat premature
drainage of freshwater and intrusion of saline water into formerly freshwater habitat
following the breakdown of the natural levees (Griffin 1995). Ponded pastures have not been
widely established on Northern Territory wetlands, but they have certainly attracted great
interest and could become more favourably viewed by pastoralists. The grass species that
have been introduced to such ponds in coastal Queensland have already been introduced to
Northern Territory floodplains (Clarkson 1995, Fulton 1995, Jaensch et al 1995).

Humphries et al (1991) stated that perhaps the most insidious and uncontrolled threat to the
native communities of northern Australia are introduced pasture grasses, which are implicated
in causing changes to ecosystems by changing fire seasonality, intensity and area of burn.
Introduced semi-aquatic grasses currently promoted for ponded pasture are infilling tropical
wetlands and threatening waterfowl habitat.

The Northern Territory Department of Primary Industry and Fisheries (DPIF) is currently
widely promoting the use of some very invasive introduced pasture species at field days and
through extension literature, for example olive hymenachne (Hymenachne amplexicaulis),
aleman grass (Echinochloa polystachia) and para grass (Brachiaria mutica). These species
are included by Humphries et al (1991) in their list of the 18 ‘top’ environmental weeds in
Australia. With the DPIF actively promoting these species before research examining the
effects of proposed introduction can be undertaken, this effectively means that by the time it
is known, one way or the other, it may be too late. There is clearly a need to improve the
consultative processes between stakeholders, in order to minimise future possible conflicts.

2.3 Mining

The water regime of wetlands can be altered by mining developments in two main ways —
water diversion and storage, and changes in sedimentation patterns. These are both likely to
be known quantities and can be controlled. Mining can affect wetlands; in most instances this
can be confined to the river or to the catchment downstream (Lake 1995). Mining for
minerals in northern Australia does not currently greatly affect the water regime of wetlands.
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Mining for uranium occurs adjacent to wetlands and streams in Kakadu National Park, but not
actually in the wetlands.

Sand extraction from streams is a different story. Extraction of sand from the Mary River has
altered sedimentation patterns and offshore shoals in van Diemen Gulf (Sessional Committee
on the Environment 1995). The large scale extraction and later discharge of groundwater, as
is proposed for the Century mine in north-western Queensland, has introduced a new and
controversial management issue. There is also potential for the development of new mines
and even dredging operations in wetlands, such as those being discussed for diamond
extraction from Cambridge Gulf in Western Australia. Thus, whilst mining is not currently
causing great disruption to the water regimes of wetlands in northern Australia, there is
considerable potential for this to change rapidly.

2.4 Climate change

Coastal wetlands are generally low in elevation and therefore vulnerable to climate change,
including sea level rise. This is a pertinent issue in northern Australia where macro-tidal
ranges (5-8 m) already occur and storm surges associated with violent cyclonic depressions
are pronounced. The extent of vulnerability will depend on the physical characteristics of the
individual wetland and coastal conditions. Environmental responses to climate change are
manifested through hydrological, hydrodynamic, geomorphological and ecological processes
(Bayliss et al 1998). Current scientific wisdom is that global warming will increase over the
next few decades with a high degree of probability (Butterworth 1995). CSIRO (1994) have
predicted that by 2030 climate in northern Australia will most probably change by: 1-2°C rise
in temperature; up to 20% increase in summer rainfall; increase in rainfall intensity; more
extreme events, such as floods, hot days and dry spells; 5-15% increase in potential
evaporation; stronger monsoonal westerly winds; and 20+ 10 cm rise in sea level. These
changes are sufficient to greatly alter the ecological character (sensu Finlayson 1996) of the
coastal wetlands and the values and benefits currently derived from them (Bayliss et al 1998).

The extent of ecological change as a consequence of climate change is not known, but Bayliss
et al (1998) have drawn attention to the very real possibility that the highly valued freshwater
floodplains may become saltflats, which has already occurred, as a consequence of saline
intrusion, in the Mary River (Woodroffe & Mulrennan 1993). The lower Mary River is
undergoing rapid change (Woodroffe & Mulrennan 1993, Fulton, 1995) and could provide an
analogue of global warming induced change (Bayliss et al 1998). To date, an estimated
17 000 ha of freshwater grassland and Melaleuca woodland have been degraded by saline
intrusion and a further 5500 ha are immediately threatened. Steps to reduce the extent of
saline intrusion have been only partially successful. The ecological consequences of the saline
intrusion are blatantly obvious (replacement of the highly diverse and productive
grass/woodland habitats with salt flats), but the consequences of large scale engineering
solutions are not known and are even questioned as being of practical use (Bayliss et al 1998).

Non-coastal wetlands are less likely to suffer such extreme change (usually meaning
detrimental change) as a consequence of global warming. In fact, increased or more intense
rainfall may benefit many organisms and even create new wetlands and wetland habitats.
Increased temperature and more extreme rainfall events could lead to a call for converting
wetlands into water storage lakes. Increased growth of aquatic and riparian vegetation could
also lead to increased channel blockages and snags. The extent and effect of such changes are
not known, although Lukacs (1995) reports that large stands of emergent plants can cause
increased sedimentation and siltation of wetlands.
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3 Water quality

Mining, horticulture, pastoralism, population centres, tourism and other land management
practices can all potentially impact on water quality by increasing nutrient loads, sediment
and turbidity levels, and lead to the introduction of toxic substances. Water pollution can
occur as a result of direct discharges to streams or water bodies (eg sewage and effluent
discharges) or from diffuse (run-off from agricultural lands) or indirect (eg groundwater
salinisation) sources.

3.1 Mineral processing and extraction

Finlayson et al (1988) claimed that the major potential pollution threat to water quality in the
Northern Territory was from mineral extraction and processing. It is probably more accurate
to say that mining provides the major potential point source of pollution and hence is now
generally closely regulated. In the past, the example of Rum Jungle Mine was often quoted
due to its problems with overburden heaps and copper leachate piles slowly oxidising and
producing acid drainage which polluted the East Finniss River. The water in the open-cut pits
also became acidic and contained heavy metals, and the tailings dam was a low-level
radioactive hazard. Recently, the Ranger uranium mine in the Alligator Rivers Region has
been the subject of concern over possible pollution of downstream wetland areas, although
water from a restricted release zone on the mine has not been released. Any proposed water
release from this zone would be subject to a strict regulatory and monitoring regime (Johnston
1991).

3.2 Tourism and recreation

Diffuse pollution could come from a number of sources that differ greatly in scale and
potential impact. Chemical pollution from sunscreens, soaps and insect repellents used by
swimmers may become a problem in the small permanent waterholes of popular recreational
areas, such as those in Kakadu and Litchfield National Parks. A preliminary investigation of
the potential for such problems in Kakadu did not find any signs of pollution, although further
tests were recommended (Rippon et al 1994). Fuel spillage from commercial boats and
shipping in port areas could threaten mangrove habitats. Similarly, a variety of wetlands could
be subject to at least small scale pollution from fuel spillages from boats used for tourism and
recreational purposes.

3.3 Agricultural chemicals

The wetlands of northern Australia are generally not as subject to assault from pesticides as
those in southern Australia. Expanded horticulture and irrigated cropping could alter this. The
expansion of the Ord River irrigation system is of prime concern, especially given past
experiences with the use of agricultural chemicals in this region. Only limited information on
such chemicals in the waterways and wetlands is available. The secondary effects of such
chemicals, for example, causing the decline of zooplankton species that prey upon
phytoplankton that would otherwise result in noxious algal blooms, are also poorly
understood (Lukacs 1995).

The use of herbicides for weed control on coastal wetlands in the Northern Territory has
attracted a large amount of support (Schulz & Barrow 1995), but has not generally been
accompanied by ecotoxicological assessments using local species. One exception is the
investigation into the effects of spraying the floating weed Salvinia molesta in Kakadu
National Park with a kerosene surfactant mix (Finlayson et al 1994b). Based on
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ecotoxicological and chemical testing and modelling of potential nutrient release from
decaying plant material no adverse effects were detected. Mimosa pigra has received a great
deal of attention and large scale herbicide control programs using five different herbicides
have been conducted (Schulz & Barrow 1995). These chemicals are applied in desperate
attempts to control the further spread of this noxious weed. Given the extent of the program,
as witnessed by the following comments from Schulz and Barrow (1995) — ‘the largest
application of herbicide ever undertaken in the Northern Territory ... and probably the single
largest application of Graslan to a wetland environment in the world’ — a risk assessment
incorporating ecotoxicological testing with local species could be a useful adjunct to the
management processes.

3.4 Eutrophication

Nutrient enrichment of waterbodies by cattle and feral animals is of concern, particularly in
the more arid areas. Grazing is a major land use in northern Australia and the presence of
cattle within catchments presents considerable potential for deterioration of the water quality
(Griffin 1995). Trampling and grazing of the vegetation that holds the sediment in place, and
the deposition of dung are the major concerns. Subsequent water quality problems, such as
eutrophication, reduction in clarity and algal blooms, can result. Flushing of large quantities
of dung into rivers and pools early in the Wet season can add significantly to the nutrient pool
and biochemical oxygen demand. Natural systems that are highly stratified (eg billabongs) at
the end of the Dry season (Walker & Tyler 1984) may in fact become anoxic with the sudden
influx of land-derived nutrients.

The disposal of sewage from urban areas is a well documented threat to coastal habitats in
Australia. In northern Australia this is likely to occur around the major settlements and
possibly also near sensitive recreational areas.

3.5 Salinisation

Salinity is a major concern in the coastal floodplains of the Northern Territory. Saltwater
intrusion from the breakdown of natural levees that separate the freshwater floodplains from
the tidal rivers and mangroves is a major threat (Woodroffe & Mulrennan 1993, Jonauskas
1996). 1t is suspected that feral animals may have contributed to these events, but it is equally
argued that they are caused by natural processes that are being exacerbated by human
activities, including climate change (Woodroffe & Mulrennan 1993, Bayliss et al 1998).
Whatever the cause of the problem, it is evident that the floodplains are under threat and that
this threat is extending and engulfing grazing land and valuable wildlife habitat (see papers in
Jonauskas 1996). Adjacent floodplains have also been subject to saltwater intrusion, but not to
the same extent as the approx 17 000 ha alongside the Mary River. Salinisation of the Mary
River floodplains probably represents the most widespread water quality problem in northern
Australia.

3.6 Burning practices

Fire is a conspicuous element of the northern landscape. The regularity of fire in the Wet-Dry
tropics has affected wetlands, but quantifiable information is, on the whole, absent (Douglas
et al 1995). Fire remains a contentious issue in the northern landscape (Andersen 1996).

Broadscale fire regimes can affect the water quality of wetlands. Direct effects can result from
burning of the dry floodplains and either the loss of nutrients and organic material, or the
deposition of excessive amounts of material in waterholes (Braithwaite & Roberts 1995).
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Catchment burning can also effect wetlands by adding ash and suspended solids. Destruction
of the riparian zone by fire (and other means) can increase light availability and alter the
energy input via leaf litter. The effect of burning practices on aquatic/wetland systems is still
poorly known despite the major role fire has in management regimes for the savanna
landscape of northern Australia (Douglas et al 1995). Lake (1995) points out that unlike
possible pollution from point sources, such as mining developments, other major land use
disturbances, such as those resulting from fire and grazing practices, are not strictly regulated.

4 Biodiversity and conservation

The conservation status of wetlands of northern Australia has not been assessed and indicators
of ecological integrity have not been developed. It is well recognised, however, that many of
the wetlands are valuable for conserving biological diversity, but are under at least ‘low-level’
threat by increased land use activities and invasive species (Finlayson et al 1988, 1991,
Finlayson & von Oertzen 1993). Compared with elsewhere in Australia the wetlands of
northern Australia are largely intact. Relatively few have been lost, although mangroves
around Darwin are now potentially threatened by infilling and clearing for port and urban
developments. The extent of degradation is unknown, although Finlayson et al (1988) and
Finlayson and von Oertzen (1993) point out that cattle grazing has degraded the natural
vegetation of many wetlands.

4.1 Mangrove degradation

Current threats to mangrove communities are restricted to localised areas in the vicinity of
Darwin. Threats arise from nutrient enrichment, construction of causeway embankments,
removal and reclamation for new subdivisions, stormwater run-off and changes to the
hydrology and salinity gradients from mosquito eradication drains (Dames & Moore 1984).
Further pressure is likely to come from proposed recreational, residential and industrial
developments around the harbour.

Recognising the need to conserve mangrove and coastal environments, the Northern Territory
government has developed a management policy aimed at ‘achieving a coordinated and
effective approach to coastal management issues’ (Singer & Wright 1985). A mangrove
resource data base was established (Dames & Moore 1984) to compile available information
on the mangroves of the Northern Territory and associated coastal environments. The data
base contained an adequate description of mangrove distribution, but little information on
associated flora and fauna and mangrove dependent marine organisms. Much more
information on these subjects has become available in recent years (McGuinness 1992,
Brocklehurst & Edmeades 1995, Noske 1996, Youssef 1997).

Singer and Wright (1985) considered that by international standards the threats from
development to Northern Territory mangrove communities were negligible. However,
development has proceeded since that assessment was made and without additional carefully
collected scientific data it will be difficult to rationally resolve the conflicts that could arise
between conservationists and coastal developers.

4.2 Pest species

The ecological character of many wetlands in Australia has been adversely affected by
invasive plants and animals, many of them alien species. Fourteen of the top eighteen
environmental weeds in Australia invade wetlands (Humphries et al 1991). Humphries et al
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(1991) make the points that tropical wetlands and riparian zones are at great risk from weed
invasion.

riparian systems are most heavily invaded within any given environment and are therefore at
greatest risk. The importance of these systems, particularly at times of drought, increases the
ecological seriousness of this situation.

Tropical wetlands are in critical danger.

The reasons for weed invasion are manifold, but it is believed that, in the Northern Territory,
it is the high levels of disturbance caused by domestic and feral animals to riparian fringes,
floodplains and ephemeral flats, that make these areas highly susceptible to weed invasion
(Cowie & Werner 1993, Griffin et al 1989, Reid & Fleming 1992). Feral grazing animals
have invaded many northern Australian wetlands. Other significant threats come from cane
toads (Bufo marinus) and exotic fish, particularly the mosquito fish (Gambusia holbrooki).

For many of the main pest species the extent of their invasion of wetlands and streams has
been described to some extent. In many instances the biology of the species may also be
known or is being studied (eg Mimosa pigra, Salvinia molesta). Surprisingly, however, vital
information on the ecological changes wrought by these species is often confined to a few
isolated studies, if any, and/or anecdotal evidence. For example, a great deal of effort has
been directed towards developing both chemical and biological control of Mimosa and
Salvinia, but relatively little effort has been directed towards assessing the extent of
ecological change caused by these species.

Economic analyses of the losses caused by pest species are also not common. These can be
done on the basis of lost agricultural production and in some cases (eg grazing land covered
by weed species) losses in productive capacity may be very obvious, but economic evaluation
of ‘natural’ wetland ecosystem functions is only in its infancy (eg Turner & Jones 1991).
Unless we can ‘price’ the ecological consequences along with the economic consequences of
such massive weed invasion we may never really know the extent of our ‘loss’.

In the following text a general description of major pest species is given. A complete list of
potential or minor pest species is not given.

4.2.1 Acacia nilotica (prickly acacia)

Prickly acacia is native to Africa and West Asia where it is found in acacia-savanna along
drainage lines, bores and dams. It currently covers about 7 M ha in arid to subtropical regions
of Queensland (Smith 1995). In the Northern Territory, small infestations occur along the
Barkly Highway with an outbreak reported on Cattle Creek Station in the Ord-Victoria Plains
biogeographical region. Currently, all infestations are under control.

4.2.2 Brachiaria mutica (para grass), Echinochloa polystachya (aleman grass) and
Hymenachne ampexicaulis (olive hymenachne)

Para grass, aleman grass and olive hymenachne are grass species that are commonly referred
to as ponded pasture species (Clarkson 1995). Para grass is a highly invasive alien species
that has spread across many wetlands in northern Australia. In places it has been aided by
deliberate plantings as a pasture species and in others it has spread from pastoral areas into
nature conservation zones (Lindner 1995, Miller & Wilson 1995, Clarkson 1995). Deliberate
planting of para grass now occurs in both Queensland to develop ponded pastures (Clarkson
1995) and in the Northern Territory for stabilising floodplain surfaces following control of
mimosa (Miller & Wilson 1995, Cook & Setterfield 1995). Aleman grass and olive
hymenachne have been introduced more recently for use in ponded pastures in Queensland
(Clarkson 1995) and at a few locations in the Northern Territory.

150



While there are no rigorous scientific data about the impact of these species, there is a lot of
anecdotal evidence that they form a monoculture and are, in certain situations, invasive. This
means, at the very least, reduced biological diversity in the affected areas, and therefore
structural and functional deterioration of the ecosystem. At worst, it could mean the complete
alteration/modification of entire ecosystems. These pasture species are a particularly difficult
and even intractable problem given that pastoralists are clamouring for them and conservation
authorities are concerned over their potential to completely alter the ecological character of
wetlands. Fisheries authorities are also concerned that ponded pastures will prevent
freshwater run-off to the estuaries and reduce the primary productivity of these habitats and
also prevent migration by juvenile barramundi (Clarkson 1995, Griffin 1995). There seems to
have been little attempt to supplant the introduced grasses with native species; presumably
due to the ease of establishing the introduced species and their greater value as stock food.

4.2.3 Eichhornia crassipes (water hyacinth)

This floating introduced species has long been a major weed in Australia (see Mitchell 1978,
Finlayson & Mitchell 1982, Forno & Wright 1981, Wright & Purcell 1995). Biological and
chemical control methods have been implemented and it is not now generally regarded as a
serious threat to wetlands, although local problems still occur or could occur (Fulton 1995). It
is not known if this change has occurred as a consequence of control measures or whether the
plant has established a balance after an initial period of explosive growth. It occupies similar
habitats as Salvinia molesta and presumably has a similar, but largely unknown effect on
wetlands.

It is more widespread in coastal wetlands in Queensland (Finlayson & Gillies 1982) than
inland. A number of incursions have occurred in the Northern Territory, but is only known to
have established at one site, Fogg Dam near Darwin.

4.2.4 Mimosa pigra (mimosa)

Mimosa is an aggressive prickly shrub, native to Central America, that can form dense
monospecific stands on the floodplains of the Northern Territory. At present, it is confined to
the coastal floodplains of the Northern Territory, in an arc extending from the Moyle River in
the west to the Arafura Swamps in Arnhem Land (Lonsdale et al 1995). It covers an estimated
80 000 ha and is a prolific producer of seeds that are readily dispersed by water, vehicles and
animal vectors. There is strong circumstantial evidence to link vehicle movements with new
occurrences (Cook et al 1996). Natural expansion of established stands is very fast.

Research efforts have centred on finding suitable biological control agents with a number
having been released. Integrated control programs are also in place and incorporate biological
control along with the use of herbicides, mechanical removal (chaining), burning and
revegetation (Miller & Wilson 1995, Schulz & Barrow 1995). In Kakadu National Park a
continuous ‘search and destroy’ policy has successfully been in place for the last decade
(Cook et al 1996). Outside the park, however, the story is more one of gloom and expensive
chemical control programs that are partly government-funded and undertaken on pastoral
leases and Aboriginal lands (Schulz & Barrow 1995). Management emphasis on control
techniques, particularly biological means, continues and importantly, is now complemented
by post-control rehabilitation of the formerly infested areas.

4.2.5 Parkinsonia aculeata (parkinsonia)

Parkinsonia is a branched spreading tree from South America. It can grow to 6 m in height
and in a variety of soil types and is often found around bores, dams and along creeks and
riverbanks (Smith 1995). It is widespread on pastoral leases on the Barky Tablelands and in
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the Victoria River District. Control is undertaken by using biological control agents along
waterways and herbicides away from the major waterways. Further, it can dominate the
vegetation near watercourses and ephemeral lakes in the Northern Territory, such as the
Playford River which terminates in Lake DeBurgh and Corella Creek terminating at Corella
Lake (D Gracie pers comm). Chemical control has been carried out, but discontinued in some
areas of the Northern Territory because of the extent of the seed reserves present upstream
(D Gracie pers comm).

4.2.6 Pistia stratiotes (water lettuce)

Water lettuce is a floating aquatic plant that was first recorded in the Northern Territory from
lagoons near Darwin about 50 years ago. It has since been recorded from a number of
locations but does not appear to have caused the serious problems reported elsewhere in
Australia (Mitchell 1978) and there is some question as to whether or not the species is alien
or native to the Wet-Dry tropics (Gillett et al 1988). It is important to note though, that under
suitable conditions, for example in streams and channels in the lower Burdekin in Queensland
(Finlayson & Mitchell 1981) it can become a weed.

4.2.7 Prosopsis limensis (mesquite)

A small tree to 6m, mesquite is found on heavier clay and loam soils. It is a native of North
and South America and is established as a weed in Queensland and the Northern Territory
(Smith 1995). It is found mainly in the Barkly Tablelands with isolated occurrences near
Katherine and further south in the arid zone. Mesquite appears to be on the increase on the
cracking clay soils of the Barkly Tablelands. Herbicides have been largely ineffective. It is
spread readily by stock by ingestion and later defecation, with isolated plants appearing in
previously weed free locations (D Gracie pers comm). A related species Prosopsis glandulosa
(honey mesquite) has been found on Nicholson Station in Western Australia abutting the
Northern Territory border.

4.2.8 Salvinia molesta (salvinia)

This free-floating aquatic fern, originally from South America, has been the centre of much
attention in Australia and elsewhere (see Mitchell 1978, Finlayson & Mitchell 1982, Harley &
Mitchell 1981, Room & Julien 1995, Storrs & Julien 1996). In the Northern Territory
infestations have been found at Nhulunbuy, and on the Finniss, Howard, Daly, South
Alligator and East Alligator Rivers; the last two in Kakadu National Park (Miller & Wilson
1989, Finlayson et al 1994a, Julien & Storrs 1993). It is not widespread in the northern region
of Queensland, but major outbreaks have been recorded in regions outside of the Wet-Dry
tropics, such as near Mt Isa (Finlayson et al 1984 a, b) and along the east coast (Finlayson &
Gillies 1982, Harley & Mitchell 1981, Finlayson & Mitchell 1982).

Several infestation have been successfully eradicated by the DPIF using herbicides, including
a major infestation on the Adelaide River in the Northern Territory (Miller & Pickering
1988). Generally, management is reliant on biological control using an introduced weevil that
has had wvariable levels of success (Room et al 1981). Storrs and Julien (1996) have
recommended the adoption of integrated control measures with chemical spraying being
strategically allied with attempts to spread the weevil to all known infestations. The use of
herbicides in some locations raises many concerns; some of these were addressed by
Finlayson et al (1994a).

Despite being a widespread weed in eastern Australia for more than three decades very little
is known about its ecological effect on wetlands. Salvinia competes directly with other plants
for light, nutrients and space. The weed invariably becomes dominant over submerged
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floating plants and smaller floating plants, such as Azolla and Lemna spp, by cutting off their
light supply. The water under a salvinia mat has lower oxygen and higher hydrogen sulphide
concentrations, lower pH, and higher temperature than open water nearby (Mitchell 1978). It
also dramatically alters the nutrient status of billabongs (Storrs & Julien 1996), reducing
nutrient availability to other biota, through growth or storage within the plant (Finlayson et al
1984a, Room 1986).

4.2.9 Bubalus bubalis (Asian water buffalo)

The feral Asian water buffalo once proliferated on the coastal floodplains of the Northern
Territory and were considered responsible for widescale destruction of the native vegetation
by direct grazing, trampling and wallowing and indirectly by destroying levee banks and
contributing to premature drainage of freshwaters (see Finlayson et al 1988). However,
throughout the 1980s the feral herds to the west of Arnhem Land were almost eradicated as
part of a national program to prevent diseases being transferred to domestic stock. Buffalo
still exist in large numbers in Arnhem Land as this area was not involved in the eradication
program.

The problem, perhaps ironically, is now not so much one of too many buffalo, but one of too
few buffalo! The rapid removal of a major grazer from the floodplains and billabongs has
resulted in large scale ecological change (Finlayson et al 1991, 1993). Both native and alien
plant species have spread to cover the areas formerly laid bare by the buffalo; billabongs have
become choked with red lilies and sedges, and grasses, including para grass have overgrown
stream and billabong banks and spread across the floodplains. In this instance the ecological
consequences of removing the buffalo and thereby overcoming one series of problems, did
not seem to receive sufficient attention.

It is important to note, however, that the impetus for removing buffalo came from funding
provided for disease control in feral stock; environmental concerns were not to the forefront
(Skeat et al 1996). Given that funding was not given for large scale environmental
management it is expected that buffalo numbers will naturally increase again in areas such as
Kakadu after the disease eradication program funding ceases in 1997.

4.2.10 Sus scrofa (pig)

The feral pig is widespread over the Australian environment. It has caused widespread
damage rooting with its snout and trampling around the edges of wetlands and adjacent
forests. This disturbance provides great potential for the rapid establishment of weed species.
The implications for the lack of control of pigs on weed management are very serious. In the
Northern Territory there is evidence that pigs have proliferated following the removal of the
feral buffaloes from the floodplains (Corbett 1995). This seems reasonable given that many
buffalo formerly trampled and destroyed many vegetative morsels that would have been
favoured by the omnivorous pigs. However, the influence of climatic factors, for example, on
pig numbers can not be discounted as a contributory factor.

Control of pigs is widely regarded as difficult depending on the terrain. Control programs
utilise trapping, hunting with dogs, poisoning and helicopter shooting. A further factor to
consider when assessing the effect of pigs on the environment and the need for widespread
control measures is the increasing acceptance of pigs by some Aboriginal people as a major
part of their diet. Thus, they may want to retain sufficient numbers of pigs for hunting
purposes.

153



4.2.11 Bufo marinus (cane toad)

The cane toads have been present along the eastern coast of Queensland since the 1930s and
over the last decade have moved westwards into the Northern Territory to the vicinity of the
Roper River. The rate of natural spread of the cane toad is approximately 30 km per year
(Freeland & Martin 1985). The available data do not support the notion of the cane toad
having a long-term catastrophic impact on native fauna. No species in Queensland has
become threatened or gone extinct as a result of the cane toad’s introduction 50 years ago
(W Freeland pers comm). Recent studies on the toad indicate that whilst all stages of the life
cycle are potentially toxic and are avoided by many predators, they are successfully
consumed by others (Alford et al 1995). Some native frog larvae and snails are negatively
affected and toad larvae can compete strongly with larval native frogs. There is strong
anecdotal evidence that predators such as goannas initially decline after the arrival of cane
toads, but after a short period re-establish and/or learn more effective techniques of
consuming the toads and avoiding the toxins that they carry (W Freeland pers comm).

The reaction of local Aboriginals to the impact of toads on their traditional food sources is not
known (P Whitehead pers comm). Noting that Aboriginal people are increasingly accepting
feral animals as part of their ‘traditional’ lifestyle it could be pertinent to incorporate an
Aboriginal perspective on this species before further effort is expended.

4.2.12 Exotic Fish

No major exotic fish incursions have yet happened in northern Australia. This contrasts
markedly to the dominance of introduced species, especially trout, carp and mosquito fish,
elsewhere in Australia (Arthington 1986, Fletcher 1986). Localised incursions of several
freshwater aquarium species have occurred in the Northern Territory. Guppies (Poecilia
reticulata) are established in Nhulunbuy Town Lagoon; platys, mollies and swordtails
(Xiphophorous maculatus, Poecilia latipinna, Xiphophorous helleri) in Gunn Point Creek
(believed to be escapees from the Prison Farm!).

Mosquito fish (Gambusia holbrooki) have been actively introduced into much of southern and
eastern Australia as a means of controlling mosquitoes. They occur in northern Australia at
localised sites. They are voracious feeders and seemingly have a major influence on the
structure of invertebrate communities without being very successful in controlling
mosquitoes. For any eradication strategy to be accepted the ecological degradation caused by
these fish needs to be demonstrated; this information is either inconclusive or is lacking
(Fletcher 1986).

4.3 Riparian degradation and grazing

Soil erosion due largely to land management practices has been a feature of the riparian areas
of many large river systems of northern Australia (eg Ord and Victoria) causing siltation and
filling of waterholes, collapse of bank structure and loss of riparian vegetation (Winter 1990).
Land degradation and habitat alteration caused by the introduction of exotic herbivores appear
to be the principal factors causing change in status of birds in arid Australia. Introduced
predators are implicated in some cases and altered fire regimes may play a part (Reid &
Fleming 1992).

Overgrazing by cattle and feral animals can lead to pronounced seasonal and other changes in
run-off patterns and to increased sediment loads. Vegetation changes, chiefly involving the
replacement of deep-rooted trees by shallow-rooted grasses, can also lead to marked changes
in hydrological patterns as well as changes in water quality, of which increased salinity can be
among the most important.
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The spatial extent and intensity of the domestic stock threat varies from region to region
dependent on the distribution of commercial livestock grazing and individual property
management approaches (J Reid pers comm). Riparian zones (fringing vegetation),
particularly around permanent waterholes which are the foci for water-dependent (drinking)
grazing animals, have probably been most degraded in terms of vegetation compositional and
cover changes. Increasing damage occurs as conditions become drier (drought) and as animals
become more focused on remaining watering points (J Reid pers comm).

5 Social and sectoral issues

The utilisation of wetlands and wetland products raises a number of specific and general
concerns for conservation and land/water management agencies. Access to and maintenance
of the ecological character of the wetland habitats have received a great deal of attention and
been subject to land use planning and zoning. However, often this has been done on a sectoral
basis with little regard for other sectors or groups within society. The advent of widespread
tourism and recreational activities has seen conflicts develop over access for recreational
fishing (Julius 1996). Further, quarantine measures for weed control have been controversial,
such as those on the Magela in Kakadu for salvinia and for noogoora burr on the Ord River.

In many instances the management agencies and policies required for effective wetland
management, especially multiple use, have been inadequate. Attempts to break down such
sectoral divides have seen the Northern Territory Government conduct extensive consultation
and form committees to address the complex problems on the Mary River wetlands. Further,
there are ongoing concerns about management of and access to Aboriginal-owned wetlands.

In the following discussion major social uses of wetlands are addressed in terms of their effect
on biological diversity and conservation. Thus, some of the issues that are addressed under
headings above are reintroduced but with a different emphasis. It is perhaps instructive to note
at this stage that sectoral divides and associated underlying socio-economic and political
issues that affect land use decisions are being seen more and more as the prime reasons for
ineffective wetland management (Hollis 1992, Finlayson 1994, Hollis & Finlayson 1996).

5.1 Tourism and recreational activities

Recreation activities in wetland areas include picnicking, camping, boating, hunting, bird
watching, bushwalking and amateur angling. Tourism and recreational activities are strongly
influenced by factors such as the presence of water and accessibility. Access to many
wetlands is limited for much of the year to specialised vehicles. As a result, wetland
recreational use is generally restricted to floodplain edges, billabongs and major channels or
creeks. Vehicular access has caused erosion along levee banks resulting in denudation of
billabong and river frontages. Similarly, poorly chosen or constructed boat launching facilities
can cause erosion. These problems can be overcome by excluding vehicles from the forward
slopes and adopting some care when choosing and constructing boat ramps. More difficult
problems to overcome include the dispersal of seeds of noxious weeds, disruption of breeding
colonies of waterbirds (Jaensch et al 1995) and pollution of waterholes (Rippon et al 1994,
Lindner 1995) by vehicles and boats.

Hunting is a particularly controversial recreational issue with great concern being expressed
over the ethics of such activities. Hunting disturbs breeding birds (Jaensch et al 1995) and can
result in lead poisoning of birds from spent shotgun pellets (Whitehead & Tschirner 1991).
Hunting of geese by non-Aborigines has recently undergone increased regulation and has
been subjected to intensive research and monitoring, especially in the Northern Territory.
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Aerial surveys are used to acquire data for determining the timing and duration of the hunting
season and bag limits. Current hunting pressure does not appear to be heavy in relation to the
size of the waterfowl populations. In view of an expected increase in hunting activities the
recent steps of initiating research and maintaining contact with the hunting fraternity are
timely. Hunting by Aboriginal people also occurs, but this is generally unregulated and at
times controversial (see Ponte et al 1994).

Probably the most important recreational activity in northern Australian wetlands is fishing,
especially for barramundi (Lates calcarifer). The environmental impacts of large numbers of
anglers extend beyond placing pressure on fish stocks; however, there is very little
information on the extent of this pressure. Barramundi stocks in the Northern Territory were
over-exploited during the late 1970s and early 1980s leading to extensive regulation of both
commercial and recreational fishing (Grey & Griffin 1979, Griffin 1995). Recreational fishing
is particularly important on the Mary River and in Kakadu National Park in the Northern
Territory (Griffin 1995). Given the popularity of recreational fishing there is an increasing
problem of ‘overcrowding’ at highly favoured or easily accessed sites.

The current low level of recreational impact on northern Australian wetlands is probably
attributable to low population pressures. With increased population growth it is likely that the
pressure will increase. Without sound management practices environmental degradation could
cause a reduction in the current aesthetic and recreational value of these areas.

5.2 Pastoralism

Pastoralism has been the most extensive land use in northern Australia since European
settlement and is currently the major land use outside of nature reserves (Whitehead et al
1992). The wetland areas are the most nutrient rich and mesic areas and thereby produce the
best forage for livestock. There is much debate on the efficacy of pastoral activities in
northern Australia with a popular conception being that conservation objectives can only be
met by the complete removal of grazing. Pastoralists counter that they are modifying their
management practices (Curry & Hacker 1990, Cadzow 1993) and point to Landcare
initiatives as evidence. However, there are differing views of the usefulness of Landcare in
the rangelands context and critics claim that Landcare has been appropriated in some
instances by entrenched interests thereby excluding innovation (Reid 1994).

Widespread modification of floodplains to achieve pastoral objectives will probably reduce
the range of wetland habitats (Whitehead et al 1992). There is increasing pressure on wetlands
as alternative sites for grazing during the Dry season. Further, exotic pasture species such as
para grass (Brachiaria mutica) are being introduced into areas formerly occupied by native
grasses (Liddle & Sterling 1992) to increase productivity. It is feared that homogeneous and
‘regulated’ floodplains will not show the idiosyncratic response to variable rainfall that
maintains the current habitat diversity (Whitehead et al 1992). The actual role of grazing in
maintaining habitat diversity is not clear and under some circumstances it could be used to
promote vegetation diversity. However, the introduction of exotic grass species that displace
native species (Cowie & Werner 1993), especially if coupled with ponded pastures (see
above) is not generally supported by conservation and fisheries interests (Whitehead et al
1992; Griffin 1995, Jaensch 1995) and is, at times, a highly emotive issue (Julius 1996).

5.3 Aboriginal land usage

Under the Northern Territory Land Rights legislation Aboriginal people have regained large
areas of traditional land — most often in drier areas, wetlands and other places not wanted by
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non-Aboriginal people. Nearly half of the Northern Territory is either Aboriginal land or
under claim and over 85% of the coastline is now owned by Aboriginal people. Economic
activity on Aboriginal land contributes significantly to the northern Australian economy. All
the major mines and on-shore oil and gas wells in the Northern Territory are on Aboriginal
land as well as some large scale cattle projects. The main tourist destinations including
Kakadu and Nitmiluk (Katherine) National Parks are on Aboriginal land and Mabo-style land
claims have been placed on other parks and vacant crown land.

Effective management of wetlands on Aboriginal land may require implementation of more
appropriate locally driven agreements, covenants and protocols that reflect specific cultural
heritage values. For this to be achieved consultation mechanisms may need to be reassessed
and the political problems of land rights resolved (Graham & Gueho 1995). Assistance with
best-practice environmental planning should be linked to full acceptance of the values and
knowledge of Aboriginal peoples (Christopherson 1995). The issue of local community
empowerment in conservation and land management is still vexed, but given the conservation
value of wetlands on Aboriginal land across northern Australia it should not be ignored.

5.4 Burning practices

As already mentioned, fire is an integral and controversial aspect of land use and management
in northern Australia. However, there is little actual research on the effect of burning patterns
on wetland organisms and habitats. Douglas et al (1995) have reported on experimental work
in streams. Traditional Aboriginal knowledge on fire behaviour still exists and Roberts (1996)
reports that it has been used as the basis for directed and highly controlled resource
management. Thus, it has been used to clear land for hunting purposes or to replace unwanted
grasses, to break up the country into mosaic patterns and avoid destructive peat fires on the
floodplains. Much of this knowledge has not been documented (Roberts 1996).

Land uses greatly affect the fire regime on wetlands and in conservation reserves there are
attempts to prevent late Dry season burns (Press 1988, Graham & Gueho 1995). However,
unregulated human activity can make this a difficult task with inappropriate fires being
common. Grazing may impart some form of control over fire on floodplains by reducing the
fuel load, although this is being affected by the introduction of exotic grass species and the
removal of buffalo. Overall, the effect of fire on wetlands is little understood despite being a
regular feature.

6 Restoration and creation

Given the large extent of wetlands in northern Australia and the comparatively low level of
degradation and loss, compared with southern Australia, very little attention has been directed
towards restoration and creation. The examples of Rum Jungle and the Mary River are two
major exceptions (and are described above). The Rum Jungle restoration process was one
dominated by removing or reducing the source of contamination from the abandoned mine
site. The Mary River situation is far more complex with competing land uses and a seemingly
intractable process being driven by geomorphic forces.

Small lakes such as that in Jabiru in the Northern Territory have been constructed but these
are not common. The lake created at Fogg Dam in preparation for the rice growing ventures
of the 1960s is now a valued conservation reserve and has been greatly modified to attract
specific types of waterbirds. Such schemes have great public appeal and education value.
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Far more attention is being directed towards the use of wetlands for treating wastewater,
particularly that from mine sites (Noller 1995, Noller et al 1994, Nisbet 1995). This
technology has been developed and trialed in southern Australia for urban and agricultural
wastes (see, for example, Finlayson et al 1986, Finlayson & Mitchell 1983); however, it has
only recently been adopted in northern Australia for mining wastes. Wetland plants are
known accumulators of heavy metals (Finlayson et al 1984b, Outridge & Noller 1991) and
can filter and retain suspended sediments (Finlayson & Chick 1983). Noller (1995) identifies
three classes of wetlands as suitable for potential amelioration of mine wastewaters: existing
wetlands; enhanced existing wetlands; and artificial wetlands. Both natural and artificial
wetlands are being tested at the Ranger uranium mine in the Northern Territory for potential
use during the operational phase of the mine and for long term passive treatment after
rehabilitation of the mine site (Nisbet 1995).

Baird et al (1995) point out that whilst the capacity of wetlands to act as sinks for waste
products may provide a powerful argument for their conservation it is also a dangerous one,
since they effectively become surrogate landfill sites. Further, they argue that:

While it is true that wetlands obviously have a tremendous capacity to accumulate and store
chemical wastes, including contaminants, the concept of assimilative capacity of such systems is
rarely addressed, except perhaps in terms of their capacity to store nutrients and some trace
metals...

Overall, despite a lot of attention, there is a lack of information regarding the sustainability of
wetlands when they receive significant inputs of contaminants. Thus, there is obvious concern
over the use of natural wetlands for these purposes. The use of artificial wetlands may bypass
such concerns, but not if they are also used as an excuse to degrade nearby natural wetlands.
Similarly, enhancing degraded natural wetlands for wastewater treatment could be a double
edged sword. Baird et al (1995) query whether wetland filters have a place in serious
conservation strategies for wetlands.

7 Management priorities

The geographical area covered in this review is both large and sparsely populated.
Nevertheless, many wetlands have been disturbed, or are threatened with disturbance. These
disturbances could cause a reduction in, or total elimination of, one or more of the major
biotic components, or a reduction in the diversity of wetland types. Whatever the type of
disturbance, management for sustainable development (ie including conservation) should be
designed to minimise unacceptable impact on the basic ecological character of the wetland.
Determining what is an unacceptable impact is obviously a difficult task and must involve the
myriad of societal considerations that are associated with land use planning. This task will be
reliant on an adequate inventory of wetland values and benefits backed by rigorous risk
assessments, monitoring and, where necessary, restoration of degraded habitats.

With the need for a valid and comprehensive information base in mind the following
recommendations for regional priorities are presented.

7.1 Reserve system

Extension of a representative system of nature reserves and parks is one way of initiating
processes that are required to enable wetland species and habitats to be conserved. By itself,
however, the proclamation of reserves may not achieve a great deal. It is also necessary to
develop and implement management practices that recognise the linkage between adjacent
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land uses and conservation management, especially where more than one jurisdiction is
involved. It is essential that the reserve system is based on a sound inventory and is
representative of local conservation needs and takes into account the historical land uses and
future expectations of the local community. This may sound extremely complex, but it does
provide the basis for local involvement in conservation associated with multiple land use
planning at both a site and catchment level. In some instances, new or revised legislation and
policies may be needed to underpin multiple and sustainable land use practices that provide
the basis for successful conservation. Planning to incorporate tourism and recreational
activities and access by traditional Aboriginal occupants and/or owners may also be needed at
this stage. The use and regulation of fire for specific purposes may require specific attention.

7.2 Weeds

Weeds, particularly Mimosa pigra, pose a major threat to wetlands of northern Australia. The
potential of weeds such as Mimosa pigra and Salvinia molesta to cause problems is well
established and it is generally accepted that they should be controlled, if not eradicated. The
status of other species is not always so clear and should be assessed on both a local and a
regional basis. Such assessments should be done on a thorough analysis of known risks and
hazards and include an analysis of the secondary consequences of the preferred control
techniques. Unless the problem of weed invasion is addressed on the basis of sound and even
proactive risk assessments the basic character and value of the wetland habitats could be
degraded or even lost. Control techniques must be monitored as must the target areas after the
control has been effected and, if necessary, further rehabilitation steps taken to stop
reinfestation by the same or even other weed species.

7.3 Feral animals

Feral animals are present in many wetlands and, in some instances, have caused considerable
disturbance to the natural system. The most prominent example, the Asian water buffalo on
the coastal floodplains of the Northern Territory, has been subject to large scale control as a
consequence of concerns over the spread of diseases to domestic stock. Once this program
ceases the possible reintroduction of buffalo, whether through natural population growth or
deliberate actions, should be handled with care. As with any management strategy, the
success and effects of both the control program and any reintroduction need to be monitored
and, if required, adjustments made. The impact and control of other feral animals needs to be
assessed to provide the basis for conservation strategies to be implemented to prevent or
reduce further undesirable change.

7.4 Agriculture

Agricultural development often results in diffuse sources of pollution and can have a
significant effect on wetlands. Whilst it is difficult to control diffuse source pollution,
attempts should be made to limit the extent of run-off of nutrients and pesticides from
agricultural land to wetlands. To be fully effective this should involve management of the
entire catchment and even the application of rigid controls such as those used to regulate
mining enterprises. If the nature of the problem is assessed prior to development and adequate
controls devised, the need for future remedial actions could be avoided. Point sources of
pollution can be readily identified and are often, at least locally, extremely detrimental to the
integrity of wetlands. Grazing is a particularly complex problem in some wetlands, especially
if linked with the introduction of exotic pasture species and ponded pastures. Further
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attention, perhaps preceded by a moratorium on further introductions and ponding of
floodplains, to the consequences of these actions is needed.

7.5 Tourism and recreational activities

The continued expansion of recreational activities into wetlands is likely to be a major
problem for conservation authorities. The main areas of concern seem to revolve around the
development of infrastructure and the extent of fishing activities. Tourism is a rapidly
expanding industry and often linked with water and wetlands. Management plans that
consider the potential impact of and even competition between recreational activities as
diverse as fishing and hunting and bird watching are required.

7.6 Climate change

The problem of global climate change is probably one of the most perplexing for wetland
managers. In the Northern Territory there is a suggestion that the salinisation of large areas of
coastal floodplains may be due to natural processes. Thus, attempts to rectify the loss of
freshwater habitat and prevent further extension of this loss may be attempting to combat
natural processes. Monitoring of coastal processes and the rates of change are required as a
base for planning further management steps even as current intervention steps are
implemented. Management planning for such large problems will inevitably reflect
community values and technological feasibility, but should not go ahead in ignorance of
natural variability and environmental change. The problem of saline intrusion is seen as one
of the most challenging for land owners and environmental planners alike, especially if linked
to global scale climate induced changes.

7.7 Clearing and waste disposal

Clearing of wetlands for urban and industrial facilities is not widespread, but does have local
impact. The retention of natural wetland functions should be at the fore of plans to develop
such wetland habitats. On the same token the potential of artificial wetlands constructed to
treat wastewaters should not be used as an excuse to degrade existing wetlands; it is not
possible to fully replace the functions and values of natural wetlands with artificial wetlands.
Further, the disposal of wastewater via natural wetlands should be discouraged unless it can
be shown that the wetlands are not significantly altered. In this instance, further research into
basic wetland processes and functions is needed.
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Mine water and waste management

C leGras

Environmental Research Institute of the Supervising Scientist
Locked bag 2, Jabiru, NT 0886

Abstract

Mines are important in wetland management because they usually degrade the water that they
use, and because of their often remote location may be the major source of contaminant input
to wetlands nearby. Mines use water for a number of purposes, with the degree of quality
impairment dependent on the use and the extent to which the mine is required to ameliorate
the degradation. Mines acquire water from a number of sources, and withdrawal of supplies
from wetlands, if this occurs, may be as detrimental to the wetland environmental values as
the addition of contaminants. Mines tend to categorise and store water according to the
concentration and nature of contaminants contained in it. This is because the management of
degraded water depends on its quality, and whether waste water can be released to the
environment, either before or after treatment. These aspects of water use and management
within mines are illustrated with reference to the Ranger uranium mine in the Northern
Territory.

1 Introduction

Mines are significant users of water, and except in the case of elaborate water treatment,
degrade the quality of the water, as determined by the presence of elevated concentrations of
‘chemical indicators’. The exact nature of the chemical species added to water by the mining
and milling process depends on the nature of the mine, and the degree of beneficiation of the
ore on site. However, most mines will contribute to substantial increases in the turbidity and
salinity of much of the water that they use, and most probably the mineral that the mine exists
to exploit. Often mining activities will result in the release of significant quantities of acid (ie
reduction in pH), and this will especially be the case where the ore or waste rock contains
sulphide mineralisation that will oxidise to sulphuric acid on exposure to air.

It is self evident that increased burdens of mining-related materials in surface and groundwater
can place additional stresses on wetland ecosystems, and the management of wetlands
downstream from the mine depends critically on suitable monitoring and control of mining-
related pollution sources. Because mines are frequently located in remote areas, they (and the
urban infrastructure built to service them) may constitute the overwhelming source of
anthropogenic physico-chemical inputs to wetlands in otherwise relatively undisturbed regions.

2 Uses of water in mines

2.1 Dust suppression

Blasting and excavating activities, and the deployment of heavy equipment, particularly
trucks, over ore stockpiles and waste-rock dumps raises nuisance dust. In the case of uranium
mines the dust must be suppressed to prevent exposure of workers to unacceptable levels of
radiation. In general, water used for this purpose is of intermediate quality (non-potable).
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2.2 Mineral separation from waste material

At most mines, the raw ore is processed to some extent on site. Ore is usually crushed, then
ground to a fine texture (commonly in the 1 pm range). The ground ore may then be mixed
with water and a flotation reagent added. This facilitates the entrainment of the mineral grains
in a froth, which floats to the surface and may be skimmed. While most of the organic
frothing agent is broken down during further beneficiation of the ore concentrate, some
remains in the water used for the process, and must be properly stored and disposed of. The
waste ore fraction would normally be consigned to tailings after removal of water through
settling or centrifugation.

2.3 Leaching and chemical separation

Where beneficiation of ore to a very high level is accomplished on site (for example, to
‘product’ standard) there will usually be a need for elaborate chemical transformation of the raw
materials. Processes frequently used include: leaching (usually with sulphuric acid, though
reagents such as ammonia are sometimes used); solvent extraction of the leachate from a water
solution to an organic (frequently ‘kerosene’) phase to assist in metal purification.

2.4 Cleaning mine equipment

Mobile mine equipment, such as excavators and transport vehicles, will usually accumulate
ore dust. As this is mineralised material it must normally be removed by washing using water
that cannot simply be released to waste. Typically wash water is stored in a special
impoundment and is recycled using a pumping mechanism.

2.5 Potable uses

The main uses for high-quality water are for drinking and ablutions of mine personnel.
Although water of potable standard is not strictly required for sanitary purposes, it would
normally be used in the absence of severe water shortage.

3 Sources of water for mines

3.1 Rainwater stored in constructed reservoirs

Except in the driest regions, rainfall is sufficient to allow for accumulation of water in
reservoirs. Typically the impoundment doubles as a sediment trap. This implies that the
catchment of the reservoir is largely disturbed ground, either mineralised or not. It would be
unusual for such water to be potable, but may be suitable for most other uses.

3.2 Groundwater

Whether mines require groundwater for their operations depends on the availability and
reliability of surface sources. Most mines would at least supplement surface supplies with
groundwater. This decision may be influenced by factors other than availability, where the
withdrawal of large quantities of surface water were seen to deplete environmental flows or
otherwise cause ecological damage to wetlands. Few mines would be able to store sufficient
rainwater on their sites to meet all their needs. Similarly, most mines would have at least
some recourse to bore fields.
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3.3 Surface (stream or lake) water

If surface water is available, mines will usually seek to use it at least occasionally, even in
areas of high conservation value. However unless water from this source is perennial, mines
would wish to have a reliable alternative source.

3.4 Recycling

Virtually all mines recycle water. This in most cases would be due to cost considerations as
much as concern for depletion of available resources. Water is often reused through many
cycles, and of course this results in progressive deterioration in its quality. Typically such
water is diluted or disposed of (for example to tailings) when it is no longer fit for the purpose
required, or when Operational Health and Safety considerations make its continued reuse
hazardous.

4 Categories of water stored by mines

The following categories of stored water are ordered by (typically) decreasing water quality.

4.1 Potable water

In general, relatively small quantities of potable water are stored on mine sites, usually in
holding tanks replenished from borefields or other sources as required.

4.2 Water from sediment traps

Sediment traps range from small bunded structures to dams that may hold hundreds of
thousands of cubic metres of water. They typically drain disturbed catchments and are
constructed to retard the movement of erosion materials to nearby wetlands, which would
increase turbidity to unacceptable levels. The quality of the water contained in sediment traps
is variable, but is typically of quite good quality because the disturbed catchment material
rarely contains significant mineralisation.

4.3 Water that has incidental contact with mineralised material or plant
processes

Most mines are required to impound water (and sediment) that drains from sub-economic ore
and the waste rock overburden that accompanies ore bodies. Open-cut mines usually produce
a greater volume of waste rock than underground mines. Apart from the sediment produced
by weathering and erosion, the water retained in these ponds may contain elevated
concentrations of the ore species, as well as ancillary metals.

4.4 Water that has contact with ore stockpiles

Runoff from ore stockpiles can be expected to contain metals and perhaps other species at
concentrations far greater than can safely be released to wetlands in raw form, except perhaps
at high dilution. Depending on the identity of its constituents, chemical treatment or
bioremediation may be required.

4.5 Process water

The processes that release the economic mineral(s) from its ore inevitably mobilise species
which remain in depleted water solutions (raffinate) after extraction of the valuable
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constituents. Other entrained materials, such as organic reagents used as part of the extraction
process, will usually also remain in the raffinate. The process stream will also contain large
quantities of finely ground ore. The depleted ore particles, apart from containing additional,
potentially toxic species that may be released later, would also contribute to turbidity if
released. Process water must usually be stored indefinitely in a tailings dam.

5 Water management methods for stored water

5.1 Forced or passive evaporation

Passive evaporation is a viable means of disposal of excess water where total annual
evaporation is greater than rainfall. Where this is the case (for example, mean pan evaporation
in Jabiru exceeds rainfall by about 1200 mm per year) forced evaporation may not need to be
used, except in unusual circumstances.

Some methods of forced evaporation include sprinkling systems that generate a fine spray,
and lining the water storage impoundment with black plastic. Forced evaporation is most
effective during periods when evaporation rate is greater than precipitation.

5.2 Direct release to streams or lakes

Direct (that is, untreated) release to surface water, whether deliberate, accidental or after
rehabilitation has occurred repeatedly in Australia’s mining history. Often the ecological
consequences to wetlands have been catastrophic, such as at Rum Jungle near Batchelor in the
Northern Territory, and the Mount Lyell mine in south-western Tasmania, where copper, lead
and acid mine drainage in particular were implicated. Environmental regulations and
guidelines now stipulate more rigorously the loads and concentrations of released effluent
constituents in most jurisdictions. In practice this means that only relatively benign waste
waters, at high dilution, can be released in most circumstances.

5.3 Land irrigation

Land irrigation is a passive means of effluent remediation whereby waste water is pumped or
sprayed onto (in most cases) a natural vegetated site. The potentially toxic components of the
waste are then removed by various physical and chemical processes. The most important of
these processes is adsorption onto soil particles and associated natural organic material. Land
irrigation is most effective at removing heavy metals from an effluent stream and these may
bind irreversibly to soil components. Heavy metals are the most important toxic constituents
of many effluent streams, so land irrigation may dramatically decrease the toxicity of the
water that eventually enters wetlands. Land irrigation is not effective at removing the
components of waste that contribute to salinity, and may also be ineffective at removing
nutrients, depending on the biological character of the irrigation area.

An obvious shortcoming of land irrigation is that the toxic components remain at the irrigated
site, and may be remobilised later under some circumstances. This remobilisation may
however, be at a slower rate than the original application. In this case, the release of pollutants
to wetlands would be spread over a longer time.

Another shortcoming of land irrigation is that the adsorption efficiency of the site may decline
progressively as active sites on soils are occupied by contaminants. It is therefore vital that
the effectiveness of the irrigation area is continually monitored, to ensure that ‘breakthrough’
of contaminants is not observed as the ameliorative capacity of the site is exhausted.
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5.4 Wetland filtration

Wetland filters are similar in many respects to land irrigation sites, but are different in that
they are in most cases permanent wetlands, as opposed to dry land application sites. Wetland
filters are primarily used to ameliorate low grade effluents such as urban runoff, where the
primary species of concern are nutrients. As such, aquatic plants are usually important
components of wetland filters, whether natural or constructed. Nutrients are removed by a
number of mechanisms. Phosphorus is removed by adsorption to sediments and by plant
uptake, while ammonia and nitrates are removed mainly by plant uptake, although
denitrification of nitrate may occur in sediments in some circumstances. For heavy metals and
organic compounds, adsorption to sediments and plant uptake may both be significant, though
their relative importance has not yet been quantified. This is partly because wetland filters
have not been used extensively to remediate heavy metal pollution to date.

Wetland filters suffer the same shortcomings as land irrigation in that they produce localised
areas of significantly increased contamination, which may be mobilised later under
appropriate conditions. They may also reach their capacity to absorb additional contaminants
and must therefore be closely monitored. Where significant plant uptake of effluent
components has been demonstrated, harvesting may be necessary to prevent mobilisation
during plant senescence.

5.5 Water treatment

Where a mine wishes to dispose of heavily contaminated water, or less contaminated water in
a region of particular environmental concern, active water treatment may be necessary. Water
treatment may involve chemical or biological remediation, using a batch or flow-through
reactor format. In the case of chemical treatment, a common approach is to use metal
oxyhydroxides, usually generated in situ, to adsorb heavy metal contaminants. Activated
carbon and ion exchange resins can be used to remove organic contaminants and salts
respectively. Bioremediation takes many forms, including using bacteria to generate metal
oxides, or to change the oxidation state of species, usually rendering them insoluble and
therefore much less toxic. Sulphate-reducing bacteria can be used to produce sulphide from
sulphate (in acid mine drainage for example). This process also forms alkali, so performs the
dual role of fixing metals as insoluble sulphides and helping to neutralise the acid.

6 Case study: Water management at Ranger uranium mine

A map of the Ranger uranium mine site is given in figure 1. This shows the stream system in
the vicinity of the mine and the areas dedicated to passive amelioration of chemical indicators
before effluent water leaves the lease area.

6.1 The Ranger extraction circuit

The Ranger milling operation refines the raw uranium ore to the stage of isotopically
unenriched high purity oxide (U;Og) which is further treated overseas to reactor-suitable
material. The beneficiation process at Ranger uses an acid leaching technique to separate
uranium from gangue materials (waste). It does not separate minerals using flotation reagents.
The detailed steps in the extraction procedure are described below. They are derived from
information provided by ERA (RUM circa 1987).
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Figure 1 The immediate vicinity of the Ranger uranium mine

6.1.1 Crushing

Ranger uses a three-stage crushing procedure. Ore is separated from waste rock by passing
the ore trucks under a radiometric discriminator which measures the radiation yield from the
load. This is a direct measure of its uranium content. Rock of ore grade is first crushed using a
gyratory crusher followed by a two-stage short-head crusher sequence. The ‘fine ore’
resulting from crushing has a diameter of less than 2 cm.

6.1.2 Grinding

The fine ore is slurried with water and ground, first in a rod mill, with particles still too large
being further ground in a ball mill. After grinding, 80% of the material is finer than 175 pm,
and suitable for acid leaching. The grinding process adds about 1 kg of iron per ton of ore by
mechanical abrasion of the grinding elements. This iron participates in the oxidation of
uranium during leaching.

6.1.3 Acid leaching/oxidation

After thickening of the ground product to about 50% solids, it is leached with sulphuric acid
to which is added ground manganese dioxide, the reaction taking about 30 hours. This reagent
oxidises the U(IV) present in the ore to soluble U(VI) through the mediation of iron, which
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acts as a catalyst. The end product of leaching is a slightly acidic (pH~2) solution of U(VI),
together with barren particulate matter (tailings).

6.1.4 Clarification

The turbid leach solution is clarified firstly by counter-current decantation, followed by
treatment in a thickener and passage at elevated pressure through sand filters. This yields a
solution with entrained solids of less than 10 mg/L.

6.1.5 Solvent extraction

The U(VI) solution, which contains many other dissolved species, is purified by solvent
extraction. This process involves adding low-volatility kerosene to the water solution (the
kerosene floats on the water). The kerosene contains a high molecular weight amine, and an
organic modifier. This amine is converted to an organic ammonium ion by the acid remaining
in the water solution, and this extracts the uranium as a sulphate complex, forming a salt in
the kerosene phase.

6.1.6 Back extraction

Uranium is stripped from the loaded organic phase by extracting it with water containing
ammonia, which regenerates the organic amine and transfers the uranium, as uranyl sulphate,
to the water phase.

6.1.7 Precipitation

Precipitation of the uranium as ammonium diuranate (yellowcake) is achieved by adding
ammonia to the solution until the pH reaches 7.6. The precipitate is thickened to remove
excess water, then centrifuged.

6.1.8 Calcination
The final product, U;Oq4 is produced by heating the yellowcake to 700°C in a multihearth
furnace. This product is dark green.

A simplified flow chart of the operation is shown in figure 2.

6.2 Sources of water at Ranger
e Retention ponds 1, 2 and 4
e Brockman borefield
e Magela Creek

Water is removed preferentially from RP2 for mill purposes. In most years Ranger has surplus
water stored in retention ponds (catchment area ~660 ha; evaporative surface ~150 ha) so the
borefield and Magela Creek do not usually need to be drawn upon.

6.3 Water management at Ranger
Water management at Ranger is based on two principles:
e There will almost always be surplus water to dispose of on an annual cycle.

e Movement of water around mine circuits results in quality degradation and more
restrictive disposal options.

Disposal options are regulated, generally according to water quality.
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Figure 2 Simplified flow chart of the Ranger Extraction Circuit

6.4 Disposal mechanisms at Ranger

6.4.1 Unrestricted direct release to the environment
Good quality water (usually potable) is released by free egress to Magela Creek. The most
important example of this is RP1 water. RP1 was designed as a sediment trap, and although
the water it contains has slightly elevated solute concentrations, these do not pose an
environmental hazard. RP1, being a relatively mature system, operates as a wetland filter and
removes about 10 t of sulphate per year. About 1 000 000 m3 of water is released from RP1

passively each year.
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6.4.2 Restricted direct release to the environment

Water of higher solute content, but low uranium concentration (typified by RP4) can also be
released, but regulatory approval must be received, subject to certain hydrological conditions
in the creek. Although this water can be released directly to Magela Creek, current practice is
to release it into a backflow billabong, which as acts as a wetland filter to remove the small
quantity of uranium present.

6.4.3 Release to the environment after passive treatment

Water of similar solute concentration to RP4, but much higher concentrations of uranium and
manganese (typified by RP2), can in practice not be released directly to the environment, but
must first be ‘ameliorated’ using either land application, passage through a wetland filter
(which removes manganese and most of the uranium), or increasingly, a combination of both.

6.4.4 Water removal by evaporation

Process water is of extremely poor quality. This contains very high concentrations of solutes,
some heavy metals and radionuclides, and entrained tailings, and must be completely retained
on the mine site, mostly in the tailings dam and Pit 1. The only present means of disposal of this
water is by evaporation. Some techniques of enhanced evaporation have been investigated.

6.4.5 Active treatment of waste water

Very Wet seasons (such as 1996-97) can precipitate a water management crisis. This has
encouraged ERA to investigate methods of active water quality management. Several water-
treatment methods are under consideration, both biotic and abiotic, which would probably
involve a reactor-based format. One reactor design of potential interest to ERA is the use of
manganese-oxidising bacteria to produce oxide particles of high surface area that can be used
to adsorb radionuclides such as uranium and radium. The likely mechanism of adsorption is
cation exchange, whereby negatively charged sites on the oxide surface are occupied by
positively charged radionuclide ions. ERA is also supporting a project which uses sulphate-
reducing bacteria to fix sulphate in effluent streams as insoluble sulphide minerals. This
technology may ultimately be deployed in a reactor format.

6.5 A simple water balance at Ranger mine

The total area of ‘general catchments’ within the Ranger lease is about 6 590 000 m?2. This
corresponds to the disturbed area in the immediate vicinity of direct mining and milling
operations. It does not include the Pit 3 area which is currently being developed by ERA. The
quality of rainwater after contact with these catchments is highly variable; some can only be
disposed of by evaporation while some has effectively free egress to Magela Creek.

The following parameters apply to the mine site:
Mean annual rainfall at Jabiru Airport (1971-1997): 1457 mm
Mean annual evaporation at Jabiru Airport (1971-1997): 2625 mm

Of the total 6 590 000 m? surface area, about 1 500 000 m? is standing water, which has an
evaporation coefficient (based on RP1) of 0.92 (this is the ratio of observed evaporation to
that predicted from pan evaporation values). Evaporation from areas not inundated is
approximately 0.80 of that predicted from pan evaporation (based on the RP1 catchment)
while they are wet. The catchment of RP1, net of the pond, (2 100 000 m?2) is vegetated and
thus has greater water retentive properties (and hence greater evapotranspiration) than the
unvegetated areas of the site, but will suffice for this example. It is assumed that water
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evaporates from ponds all year, but from land areas only during December—April, when they
are wet. The mean evaporation from December—April inclusive is 930 mm.

In an average year, approximately:
6590 000 x 1.457 =9 600 000 m?
of rain falls on the Ranger site, of which about 930 000 m3 flows over the RP1 weir.
Evaporation from standing water is:
1 500 000 x 2.625 x 0.92 =3 620 000 m?
Evaporation from ‘dry’ areas is:
5090 000 x 0.93 x 0.80 =3 900 000 m3
Therefore the mean loss of water from the Ranger site is:
930 000 + 3 620 000 + 3 900 000 = 8 450 000 m3

This leaves about 1 000 000 m3 of surplus water, which is disposed of by a variety of land
application methods, augmented by direct release in most years. Some water is also lost by
seepage from the various impoundments though this is relatively minor.
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Tourism and fishing in Kakadu National Park

G Miles

Parks Australia North, Environment Australia, Kakadu National Park,
PO Box 71, Jabiru, NT 0886

Greg Miles has worked as a ranger and unofficial Park naturalist in Kakadu
National Park since 1974, acquiring an invaluable knowledge of Kakadu and its
wildlife. He is now Public Relations officer for the park. His position embraces a
mixed bag, including media contact, management of film and photo crews, public
presentations and training for tourism, staff, catfish and pythons!

1 Contemporary historical overview

The size of Kakadu National Park is such that different regions experienced differing
historical processes. The following information relates particularly to the north eastern sector
of the Park.

Until the beginning of the 1970s the Alligator Rivers Region (ARR) was one of Australia’s
most poorly known regions. Following failed attempts at resettling army personnel after the
two World Wars, the region slumped into a quiet existence populated almost exclusively by
the traditional Aboriginal people of west Arnhem Land. Recognition of Aboriginal occupancy
of the area goes back a long way. In addition to the establishment of Arnhem Land in 1931,
the Woolwonga Aboriginal Reserve, centred on Nourlangie Camp in Kakadu, was established
in 1936.

In 1965 the then Reserves Board of the Department of the Northern Territory (the precursor
of the Parks and Wildlife Commission of the Northern Territory) proposed a national park in
the region. So impressive was the landscape that Mr Joe Fisher, an early mining prospector,
lent weight to the concept of several small parks being proclaimed. Indeed it was the activities
of mineral prospectors that first uncovered the presence of uranium, initially in modest
quantities in the South Alligator River catchment, and later the large reserves of uranium ore
under the northern sector of the ARR. These northern discoveries were of such note that the
Commonwealth set up a multidisciplinary study designed to examine a wide range of issues
which were poised to profoundly affect the future of the region. Accordingly, specialists in
the fields of mining, anthropology, archaeology, zoology, pastoralism and national parks
combed the region as part of a major and concentrated resource inquiry named the Alligator
Rivers Region Environmental Fact Finding Study.

2 Tourism then

Prior to the mid 1970s, limited access to the Park area and the perceived boring nature of the
lowland forests served to direct ‘tourists’ to the wetlands, with a few visiting the art sites at
Ubirr, Nourlangie and Deaf Adder Valley. Then, as today, the real ecological ‘action’ in the
region was on the floodplains and in the billabongs. In addition to spectacular scenery and
relative ease of travel, on the fringes of the plains, ‘tourists’ could easily satisfy their blood

Text of paper adapted from transcript, July 1997
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lust by shooting pigs and ducks, catch piles of barra and have a cool-off swim in the rivers
and billabongs.

From 1958 till the early 1970s some organised commercial tourism was taking place in the
Jim Jim area. Safari camps at Patonga, Nourlangie Camp and Miurella Park were the bases
for big game hunting in the region. Patrons flew into these localities from Europe, America
and elsewhere in Australia in search of the biggest set of buffalo horns or the largest crocodile
skin. Local Aboriginal people were employed as backup marksmen and trackers in these
pursuits. Other recreational activities based at these safari camps were wild boar hunting and
barramundi fishing.

Buffalo were a common vertebrate feature but were classified as stock and the bread and
butter beast on the pastoral properties of Mudginberri and Munmarlary. Poaching of buffalo
by pet meat shooters and barramundi by illegal gill-netters was common practice in the late
1960s and early 1970s. Saltwater crocodiles were rare in the area, having been hunted to near
extinction. Saltwater crocodiles became a protected species in 1971.

In 1972, the Alligator Rivers Wildlife Sanctuary was declared under Commonwealth
Department of Northern Territory legislation. This was to become the nucleus and first stage
of Kakadu in 1979. The role of the first five Alligator Rivers Rangers, appointed in 1972-73,
was much to do with chasing and catching these hard core and usually aggressive poachers.

In concert with the push for mining, land rights and the declaration of the Park, the
construction of the Arnhem Highway, which was completed in 1974, was the conduit to
increased tourism in the area. Also feeding this growth was the publication in 1973 of the
results of the Alligator Rivers Fact Finding Study, which began to catalogue the extraordinary
richness of the mineral, natural and cultural assets of the region.

Government-initiated public exposure during the late 1970s featured natural values, especially
wildlife and landscapes. A major media push by the then Australian National Parks and
Wildlife Service was designed to solicit support for the declaration of Kakadu National Park
by Federal Parliamentarians. This extensive and successful campaign featured beautiful
imagery of the region which, in no small way, captured the imagination of many Australians.

During the early 1980s, sudden and prominent media exposure highlighted the national debate
concerning mining, conservation, land rights and states’ rights issues. This barrage of front
page controversy intellectualised tourism in the Alligator Rivers. Visitors were very much
interested in these debates as well as the beauty of the region. This was exemplified by the
arrival of people carrying cameras rather than rifles. Growth in tourism was proportional with
the national media interest in the region. People were excited at the prospect of visiting a
remote area only just beginning to give up its secrets.

3 Tourism today

Tourism in Kakadu today is multi-faceted with important seasonal variability. Not only does
the season affect access and things to do, but it also changes the type of visitor. A 1993
survey indicated that during the Dry season 67% of all visitors were from interstate in
Australia, with only 28% being from overseas. During the wet this ratio was reversed, with
64% being from overseas whilst a modest 22% came from interstate. The same survey
indicated that people came primarily to see spectacular wilderness landscapes. Other
important reasons to visit were to see wildlife and Aboriginal rock art. In 1993 less than 20%
came primarily to catch fish.

179



Visitor numbers to Kakadu in 1996 were about 220 000. This number represents a continued
levelling off, or decline, in contrast to the dramatic rise in visitor numbers experienced in the
mid to late 1980s.

Until 1989 the natural environment was promoted as being the jewel in Kakadu’s crown. In
that year the Kakadu Board of Management, with an Aboriginal majority, was formed. Since
that time the cultural values of the Park have taken precedence in promotion strategies. The
emphasis on the indigenous culture of the Park is reflected in the 1996 draft of the 4™ Kakadu
Plan of Management.

The wetlands of Kakadu are inscribed on the Ramsar list of Wetlands of International
Importance. In recognition of the importance of these wetlands, the Park offers 19 discrete
destinations which principally interpret this landform. A further 4 localities include the
wetlands as a secondary message. Feature tourism activities in the wetland environment in the
Park include two boat cruises, one viewing platform and several nature trails. The Bowali
Visitor Centre and the Warradjan Aboriginal Culture Centre emphasise the significance of the
wetlands both from the points of view of a tourism wildlife extravaganza and as a resource
rich homeland for Aboriginal traditional owners.

The establishment of tourist facilities within the Park have been achieved through a joint
management process involving the Aboriginal owners and Parks Australia. The Mamukala
viewing platform and nature trail provides a case study. The completion of the Arnhem
Highway in 1974 provided rapid, all-weather access to productive floodplains. This access
was valued by local Aboriginal