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1. KEY POINTS

e Australia’s northern tropical savannas are the best preserved tropical savannas in the world and
thus are a national and international biodiversity asset. In addition to supporting a significant
tourist industry, they sustain large populations of Indigenous Australians (who live on and
manage country, and who have direct spiritual connection to the land and water) and pastoralists
(who have a recent strong connection to sustainable land management). Northern Australia
needs people on the land to manage its resources sustainably.

e Despite its large and seemingly intact landscapes, many populations of native wildlife (especially
mammals and birds) seems to be undergoing substantial and pervasive decline, linked to existing
extensive grazing land management, poor fire management and feral predation (e.g. cats).
Increasing development pressures will exacerbate this decline, as will climate change. Against
these pressures, the landscape needs to be actively managed to maintain ecological function.

e Poor and inappropriate fire management is one of the biggest threats to northern Australian
wildlife and ecosystems; though it is a problem that can be readily overcome with careful
planning and annual implementation (e.g. Western Arnhem Land Fire Abatement project). There
are large biodiversity benefits in managing fire, as well as strong carbon pollution reduction
benefits.

e These land management issues must be taken into account via innovative and integrated
conservation planning, when assessing development proposals for northern Australia. Land use
planning needs to work within the framework of the limited opportunities for development, and
recognise that in key areas there will be conservation conflicts. Innovative multi-tenure
institutional arrangements that promote landscape scale biodiversity conservation need to be
more widely applied and this includes land stewardship programs, land off-sets and land free
from development.

e Opportunities for intensive agricultural development in northern Australia are limited to small
but key areas of quality, arable soils with adequate water availability. These productive ‘hotspots’
will also be significant areas of productivity for wildlife, and this means there will be some
conflict between development opportunities and terrestrial biodiversity conservation.

e Water extraction and diversion affect surface and ground water levels and natural annual
flooding events, which can significantly affect riparian, wetland and floodplain ecosystems. These
provide key biodiversity refuges in tropical savannas which, due to the protracted dry season, are
particularly dependent on water resources. Increasing artificial water points for cattle grazing
increases grazing pressure across the landscape, affecting terrestrial ecosystems and species.

e Inthe event that there is invasive development of the north, it is important that it occurs within a
culture of adaptive management using staged development. This will enable changes that occur
in response to development to be monitored and understood. Subsequent development stages
can, by this means, proceed with improved practices that better support development goals and
minimise ecosystem impacts.
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2. PRESENT STATUS OF TERRESTRIAL ECOSYSTEMS

2.1 Major features of northern terrestrial ecosystems

The tropical savannas of northern Australia are the most intact tropical savannas in the world and
thus are a national and international biological (biodiversity) asset. This biome in Australia covers
almost 25% of the continental land mass and stretches from Broome in the west to near Townsville in
the east. Apart from its large size, the tropical savannas are of conservation significance for: the
intact nature of the vegetation cover, representing the largest continuous Eucalyptus woodlands in
the world; the wide, dispersed and species-rich biota; the extensive coastal wetlands and riverine
plains that are largely undisturbed and important breeding and staging sites for aquatic fauna; and
the pan-tropical nature of the biota with historical and current linkages through south-east Asia.
Though the majority of the region is monsoonal, in the south and east the tropical savannas include
portions of temperate and arid biota.

The geographical pattern of the biota is largely derived and driven by three landscape processes:

1. the distinctly wet/dry seasonal climate;

2. the legacy of land management by Aboriginal people; and

3. the subtle but significant topographic and rainfall variation from east to west and north to

south.

The first two of these influences are affected by regional development, whereas the latter is sensitive
mainly to global forces (e.g. climate change) or largely immovable objects (topography). While all
three processes are considered in this report, particular emphasis is given to management of the
wet/dry and Indigenous influences on terrestrial ecology, because these are most sensitive to
management intervention.

The distinctly wet/dry seasonal climate

The north’s rainfall seasonality (about 3 months of rain followed by about 9 months without rain)
controls the ecology of most of the region’s plant and animal species (1). Everything that relies on
water has adapted to this stringency. Amongst plants, patterns of fruiting, seeding and flowering are
synchronised with this highly seasonal pattern of rainfall. This influences the availability of food and
shelter for animals of all types (2), many of which respond to the temporally and spatially shifting
availability of food by moving across the north’s vast and varied landscape (1, 3-5). This requirement
to move to follow food and shelter makes landscape connectivity much more important in northern
than in southern Australia. As a consequence, a given amount of fragmentation or disturbance in the
north will have a much greater impact on species survival than in the south. Similarly, disturbance of
water resources places a dispersed and mobile faunal population at risk.

The legacy of land management by Aboriginal people

Northern Australia has been under Indigenous stewardship for up to 60,000 years. While the details
of landscape modification through hunting, trade, dispersal of plant and animal material and use of
fire are debated, the major implications are clear (6). There has been reciprocal adaptation of the
landscape to Indigenous intervention. Indigenous people have a complex and intimate ecological,
cultural and spiritual relationship with northern landscapes, and their understanding of the
environment was fundamental to survival. Their use of fire has significant effects on vegetation
dynamics (7). The social disintegration of Aboriginal communities in the north, and the dominance of
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pastoral land uses since European settlement, has disrupted this relationship. This has, in turn,
significantly changed vegetation and consequently the security of much of the north’s fauna. This
situation is recoverable because, unlike in southern Australia, the ecosystems of the north are
relatively intact and the landscape is often populated with people with a desire to undertake
conservation land management.

The topographic and rainfall variation

Overlying the obvious influences of a highly seasonal wet/dry rainfall regime and long-standing
Indigenous land management is a more subtle ecological influence. Rainfall gradients occurring
across northern Australia provide the often apparently homogeneous landscape with a wide range of
varied environments. Consequently, throughout much of northern Australia species richness and
composition changes by degrees, most noticeably from the coast to the drier hinterland (8, 9), but
also where topography (e.g. mountains, basalt intrusions, etc) results in varied temperature and
rainfall. Northern Australia’s ecology is therefore characterised by a high degree of connectivity and
variability, both of which are essential to the distribution and survival of its unique wildlife that
includes rare endemic, relict and disjunct species (10).

Much of the wildlife of Australia’s tropical savannas is largely unchanged from 60,000 years ago,
though there is evidence, preserved in Indigenous rock art, that the thylacine Thylacinus
cynocephalus and Tasmanian devil Sarcophilus harrisi, persisted in northern Australia until a few
thousand years ago (11, 12). With these exceptions, northern Australian landscapes retain secure
populations of many species that have disappeared or declined drastically from elsewhere in
Australia including the magpie goose Anseranas semipalmata, bush stone-curlew Burhinus grallarius,
red-tailed black-cockatoo Calyptorhynchus banksii, grey-crowned babbler Pomatostomus temporalis,
brown treecreeper Climacteris picumnus, desert mouse Pseudomys desertor, pale field-rat Rattus
tunneyi and spectacled hare-wallaby Lagorchestes conspicillatus (13).

Many northern Australian landscapes, however, are susceptible to decline caused by changed land
management, feral species and in some cases, uncertain causes (14-21). Of particular concern is
recent evidence of broad-scale ongoing decline of granivorous birds, mammals such as bandicoots,
possums, larger rodents and larger dasyurids (e.g. quolls) and fire-sensitive plants (14-17, 20, 22). As
a consequence of this decline, the following elements of the savanna rangelands of the Northern
Territory are vulnerable to critically endangered: 53 plants, 11 invertebrates, 8 freshwater and
estuarine fish, 1 amphibian, 5 terrestrial reptile, 15 birds and 14 terrestrial mammal species. It is
worrying that the cause of much of this decline is so poorly understood. The fact that decline occurs
in a relatively intact landscape suggests that the ecosystems of the north are likely to be highly (and
unpredictably) sensitive to changes caused by development that leads to land use change or
intensification.

Australia’s tropical savannas are important not only for the unique indigenous flora and fauna that
they support but also because they comprise, in both area and quality, the most significant savanna
region in the world (23). Over 70% of the world’s savannas have been cleared or extensively
modified. Only ca 20% of that remaining is in good condition, and the majority of that exists in
northern Australia. Australia is the custodian of a unique and increasingly rare global resource (Fig.
1).
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Figure 1 Global savanna condition. Green indicates high integrity and red indicates low integrity. Australian savanna are
clearly of world significance (23).
Source: Reproduced with permission from ANUepress, (Nature of Northern Australia, Woinarski et al)

3. VALUES OF NORTHERN ECOSYSTEMS AND BIODIVERSITY

Northern Australia is a significant landscape in the psyche of the nation as it represents the last great,
wild frontier of the continent. Tourism and recreation is the second largest value industry for
northern Australia with tens of thousands of people visiting the region each year. Many visitors are
attracted to the north’s iconic landscapes, vast remote distances and low population base, the
experience of Aboriginal culture and the sense that the country represents the last natural area of
Australia.

The biodiversity and terrestrial ecosystems of the north are the fundamental reason why people hold
the north in high esteem as a tourist destination (24). Notable areas include; Cape York Peninsula
with its contrasting isolated rainforests and vast areas of Eucalyptus woodland rich in endemic
species and with a distinct New Guinean influence; the Gulf Plains for its extensive floodplains and
wetlands renowned for its birdlife and aquatic fauna; the Mitchell Grass Downs with its big sky
landscapes of endless rolling grasslands; Arnhem Land for its wetlands and significant sandstone
gorges and plateaus, best represented by Kakadu and Litchfield National Parks; and the Kimberley
similarly for its ranges, plateaus and gorges that are extremely remote and also high in biotic and
cultural values.

Northern Australia is also extremely biodiverse, superior in species richness to southern Australia and
comparable even with regions considered mega-diverese such as the Queensland wet tropics.
Northern Australia is home to more than half (>460) of Australia’s bird species, more than a third of
its mammals (110 species), about 40% of its reptile species and as much as 75% of its freshwater fish
species (23). The invertebrate fauna is also highly diverse; about 1500 ant species have been
recorded, with approximately 100 different species occurring in a 1 hectare area (25). Plant species
richness is also extremely high. For example, the Kimberley has over 2000 recorded species of native
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plants, of which 300 are endemic. Cape York has about 3000 species with 260 endemics (23). Cape
York Peninsula and the Kimberley are also significant regions for biogeographically important
vertebrate fauna, each supporting 15 and 9 endemic species respectively. Northern Australia is a
treasure trove of biodiversity.

A brief review of the comparative species richness in a selection of bioregions from the NT and Qld in
the study area identified that each region supports between 30-50% of the total diversity of the
entire northern Australian region (26). A total of 883 species (excluding wetland birds, marine
mammals, bats and introduced species) were recorded from all bioregions combined, comprising 91
amphibians, 356 birds, 97 mammals and 339 reptiles (Table 1). On a bioregion level, the maximum
species richness was recorded for the Einasleigh Uplands with the remainder having between 250
and 350 species. Even the areas dominated by grasslands, the Mitchell Grass Downs, was moderately
species rich with 308.

Table 1. Species richness for selected tropical savanna bioregions in northern Queensland and the
Northern Territory. Data indicates total species richness and in parenthesis the number of species
uniquely recorded in that bioregion in comparison with other bioregions in the table.

Bioregion Vertebrate Amphibians  Birds Reptiles Mammals
Daly Basin 311 (9) 24 (1) 174 94 (6) 19

Desert Uplands 324 (4) 22 161 111 (4) 30
Einasleigh Uplands 478 (16) 37 (2) 249 (2) 135 (9) 57 (1)
Gulf Coastal 260 (5) 19 156 (3) 67 (2) 18

Gulf Fall Uplands 344 (5) 27 (1) 187 (1) 105 (3) 25
Mitchell Grass Downs 308 (10) 19 (1) 133 132 (9) 24
Ord-Victoria Plain 284 (10) 20 154 (1) 89 (6) 21

Sturt Plateau 281 (4) 20 155 (1) 87 (3) 19

Data from (26)

The foundation for the integrity of the landscapes and biodiversity of northern Australia is the
extensive, continuous and largely intact vegetation communities. In southern Australia, most of the
temperate woodlands are >80% cleared, and as such the security and condition of the remaining
biota is severely depleted (23). In contrast within the bioregions of northern Australia in the study
area, the vegetation is almost 100% intact apart from urban and peri-urban areas, and fringes of
development within Desert Uplands, Einasleigh Uplands, Cape York Peninsula, Darwin Coastal, Daly
Basin, Ord-Victoria and the Kimberley. The vegetation of the north is predominantly Eucalyptus
woodland, which is the last and largest remaining Eucalyptus woodlands remaining in the world (27).
There is variation across different regions of the north, with grasslands a significant component of
the vegetation in the Mitchell grass Downs (naturally) but also the Mt Isa, Einasleigh, Ord-Victoria
and Gulf Plains (Table 2). Melaleuca dominated vegetation occurs in large areas of the Gulf Plains,
Cape York and the Einsaleigh, and pockets of monsoon forest are scattered in north-eastern
bioregions, Arnhem Land and the Kimberley (28).

Table 2 Distribution of dominant broad vegetation groups in key bioregions across northern
Australia.

Bioregion Acacia Closed-forest Eucalyptus Grasslands Melaleuca
Arnhem Plateau 1% 98% 1%

Cape York Peninsula 3% 78% 2% 9%
Central Kimberley 81% 17%
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Daly Basin 6% 99% 1%
Einasleigh Uplands 4% 1% 76% 3% 16%
Gulf Plains 3% 47% 28% 15%
Mitchell Grass Downs 3% 12% 84%

Mount Isa Inlier 35% 65%

Northern Kimberley 94% 3% 1%
Ord Victoria Plain 6% 58% 33%

Data from (28)

Much of this biodiversity is supported by northern Australia’s wetlands, 7 of which are Ramsar listed
(of national environmental significance, and protected under the Environment Protection and
Biodiversity Conservation Act 1999 (EPBC)). These are spread across much of the coastal and near-
coastal north and include Cobourg Peninsula (NT), Roebuck Bay (WA), Kakadu National Park (Stage 2)
(NT), Lakes Argyle and Kununurra, (WA), Eighty-mile Beach (WA), Kakadu National Park (Stage 1) (NT)
and the Ord River Floodplain (WA). These wetlands range in size from 30,000 to over 600,000
hectares, and provide feeding, breeding and staging sites for up to 80 migratory and endemic
waterbird species in total populations ranging from between many thousands, to many millions of
individuals.

4. CONDITION AND TREND OF TROPICAL SAVANNA BIODIVERSITY

4.1 Condition and trend

Understanding and quantifying the condition and trend of biota and landscapes across large areas
such as northern Australia is a challenging task. There are a number of ways to track change in
condition and trend of biodiversity ranging from the detailed (e.g. direct survey repeated over time)
to the more prosaic (e.g. landscape-scale or threat-based indicators for biodiversity such as fire
extent) (29). A global assessment of the integrity of Australia’s northern savannas was illustrated in
section 2, and the prognosis was positive. In Australia there have been a number of attempts to
report the regional and national condition and trend of our natural resources, including biodiversity
such as the National Land and Water Resources Audit Terrestrial Biodiversity Assessments (30) and
State of the Environment reporting (31-33).

In general the extensive rangelands of northern Australia is considered to be of superior condition (as
measured by stress attributes such as extent of clearing, hydrological integrity, and threat pressures
such as grazing, fire, distribution of threatened species) to the intensive land use zone of eastern and
southern Australia (34). However there are key regions that are considered under a high level of
stress and vulnerable to decreasing landscape condition; Cape York Peninsula (especially western
Cape York), the Gulf Plains and Mt Isa Inlier; and the Daly Basin, Victoria-Bonaparte and Darwin
Coastal regions (Fig. 2) (34). These areas are also those where land and water development options
for northern Australia are being considered and therefore areas of potential terrestrial conservation
conflict.

Terrestrial ecosystems of northern Australia Chapter4 -9
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Most recently the Australian Collaborative Rangeland Information System (ACRIS) has undertaken
projects that attempt to understand the biophysical, economic and social changes occurring in
rangelands (35). It shows that despite their relative intactness, the tropical savannas are under
significant ecosystem pressure:

. there have been substantial declines in rangeland biodiversity and there is no reason to believe
that these declines have ceased, given current land uses and the time lags in the biological
responses;

. the collaborative Australian Protected Areas Database (1997-2004) documents significant

changes in management intent for some areas, most notably bioregions where Indigenous
communities have agreed to manage very large areas for biodiversity conservation;

. there has been a significant reduction in the extent of woody cover due to broad-scale
clearing;
. in many pastorally productive regions, increased numbers of water points have reduced the

area that is remote from water. Water-remote areas, where appropriately managed, could
make a contribution to biodiversity conservation, by providing refugia for biodiversity.

At the fine scale required to support decisions about land use change or development, the condition
of much of the northern landscape is unknown. In the Northern Gulf natural resource management
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(NRM) region (comprising the vast Mitchell, Gilbert and Norman Rivers), for example, 75% of the area
has no amphibian data, 40% has no bird data, 65% has no mammal data, 56% has no reptile data and
24% has no plant data (36). Similarly a review of the availability of data for understanding the
conservation values, reservation status and information availability for bioregional conservation
planning in the Northern Territory identified only a very sparse 0.6 records per square kilometre (37).
Clearly, this makes it difficult to objectively assess development impacts or to reliably prioritise
conservation planning needs (38).

Threatened native species and ecological communities are a key indicator of NRM success (29). As
part of the EPBC, State/Territory agencies have identified threatened species and ecological
communities for their bioregions and have obligations under this legislation to manage species listed
under this Act. Threatened species also provide a useful indicator of the condition of biodiversity;
that is the number of threatened species are a surrogate for the condition of a region (29). A brief
comparison of the quantity of threatened species in northern and southern Australia bioregions
indicates a degree of parity in the number of listed species (Table 3). However a key difference is the
number of extinct species in southern regions compared to the north, suggesting that northern
Australia still retains biodiversity integrity superior to southern Australia, and one that requires
protection. Most significant is that the boundary between the zone of substantial fauna extinction
(e.g. Tanami Desert, the Channel Country and Gibson Desert) abuts directly onto the northern
tropical savannas (39), which suggest that there is an environmental and ecological proximity to the
threats that caused the declines in southern Australia. In fact there is evidence that a slow
momentum in extinction prospect for northern Australia is already underway (see Section 4.2).

Table 3 The number of threatened and extinct species for selected bioregion in northern and
southern Australia.

Bioregion Plants Amphibians  Birds Reptiles Mammals Extinctions
Northern Australia

Arnhem Plateau 4 5 1 5

Daly Basin 3 1

Cape York Peninsula 45 8 2 7

Central Kimberley 1 3

Einasleigh Uplands 27 2 9 3 7

Gulf Coastal 2 3 6 4

Mitchell Grass Downs 12 9 8
Ord-Victoria Plain 1 4 3

Sturt Plateau 5 5 4
Southern Australia

Darling Riverine Plains 3 3 7
Murray Darling Depression 2 4 1 1 27
Mulga Lands 9 7 2 5 6
Murchison 2 2 3 7 6
Nullarbor 3 3 8 11

Data from (35, 40)

Fire is an integral part of northern Australia tropical savannas, though the incidence of fire varies
naturally in different vegetation types due to their degree of fire tolerance or promotion (e.g. vine
thickets versus Spinifex grasslands). Fire also varies unnaturally across the landscape due to land
management practice, either being excluded to protect feed for livestock or unmanaged due to the
lack of adequate planning or resources for control.
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Fire will be discussed in detail in later sections, but in northern Australia, it is an important threat
indicator that highlights the potential decreasing condition of the vegetation and landscapes. The
frequency and extent of fire is readily and accurately assessed by remote sensing via data tools such
as the North Australia Fire Information website (www.firenorth.org.au/nafi). What is notable from
these data sources is that large areas of northern Australia are burnt either on an annual or biannual
bases (Fig. 3), which has a significant effect on the integrity of biodiversity. Declines in fire sensitive
plants, granivorous birds and mammals are directly linked with increased fire frequency (13). The
extent of land burnt on an annual basis is extremely large when compared to southern bioregions
(Table 4), with total areas burnt annually in northern Australia equivalent to the total area of entire
bioregions or even states (Table 4). Management of fire is therefore one of the most significant
terrestrial conservation issues for northern Australia.

Table 4 Area of bioregion burnt on an annual basis for selected bioregions in northern and southern
Australia.

Bioregion 1997 1998 1999 2000 2001 2002 2003 2004 2005
Northern Australia

Arnhem Plateau 15.6 19.0 437 177 404 29.0 125 595 10.0
Cape York Peninsula 293 134 259 170 334 241 332 295 145
Central Kimberley 356 183 384 31.2 282 26.2 16.1 40.8 15.7
Daly Basin 49.4 46,5 51.7 455 455 550 40.0 449 36.6
Einasleigh Uplands 12.7 6.3 6.9 5.4 13.2 5.9 5.1 4.2 4.9
Gulf Plains 155 4.6 145 9.7 29.3 117 121 249 3.9
Mitchell Grass Downs 14 0.4 0.2 0.5 5.5 0.8 0.5 2.3 0.2
Mount Isa Inlier 1.2 6.6 4.4 2.4 19.3 25 1.1 3.4 0.8
Ord Victoria Plain 223 6.3 13.4 250 275 254 49 289 338
Southern Australia

Riverina 0 0.3 0 0 0 0 0 0 0.1
Darling Riverine Plains 0 0.8 0.6 0 0 0.1 0.1 0.9 1.4
Murray Darling Depression 0 0 0 0 0 0 0.1 0 0
Mulga Lands 0 0.1 0.2 0 0 0 0 0.1 0.1
Murchison 1.0 1.7 0.6 1.9 1.9 1.1 0.2 0.2 0.3
Nullarbor 0 0 0 0.5 0.1 0.3 0 0.2 0

Data from (35)
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Figure 3 Fire frequency in Northern Australia from 1997 to 2008. Green to yellow indicates infrequently burnt (0-5 times
over past 11 years), red to black indicates frequent burning (every 1-2 years).

Source: data from www.firenorth.org.au/nafi.
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4.2 Bird and mammal declines in northern Australia

Describing the effect of land management on the condition and trend of species and landscapes is
difficult to do at a scale that does justice to northern Australia’s size and diversity. Instead, we seek
to illustrate the interaction of land management on the pattern of two key fauna groups; mammals
and birds.

Unlike much of the rest of Australia, the north has been regarded as a stronghold for mammals, due
to its relatively intact environment. Nevertheless, attrition of the mammal fauna has been reported
around the drier margin of the Kimberley (41) and in comparable areas of the Top End of the
Northern Territory (42). A number of recent studies and some historical evidence also suggest an
emerging pattern of regional decline (30, 41), evidence of which has arisen from long term
monitoring at Kakadu National Park (43), and from other regions such as Cape York Peninsula (44).
Encouragingly, in other regions mammal recovery has been reported after the removal of cattle
grazing and the reintroduction of mosaic burning (mammal species tend to decline in more
frequently burned areas) (45), but other factors are implicated in mammal decline. Predation by feral
carnivores (cats Felis catus and foxes Vulpes vulpes) certainly contributes to the decline in mammal
fauna across Australia (6). There is compelling evidence that the persecution of the dingo by
pastoralists due to perceived stock losses has allowed smaller non-native predators (cat and fox
again) to proliferate and exact a devastating toll of native species (46). Grazing changes ground cover
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(47), which not only reduces shelter and food resources, and increases predation success, but it
changes the nature of fire regimes, further pressuring mammal populations (48). Grazing constitutes
about 75% of the northern landscape - this has serious consequences for mammal populations.

Seed eating birds (quails, finches, parrots and pigeons) have suffered substantially due to changes in
land management across northern Australia (49, 50). In search of the two resources critical to their
survival (a regular supply of drinking water and continuous 12-month grass seed availability)
granivorous birds often spread widely, ranging nomadically across large areas of the landscape,
settling only to breed.

The causes of their decline are not immediately clear, which is in itself a cause for concern. The main
contributing factor is believed to be changes in fire regime and grazing. Both disrupt patterns of grass
composition and grass seed-fall (1, 51), which determine food supply and distribution. Gouldian
Fiches, for example, depend on a range of fallen perennial grass seeds such as Sorghum, but need
small pockets of other grass species to supply food once the Sorghum source is depleted (52).
Increases in the number and health of Gouldian Finches followed the removal of cattle from
Mornington Station (53). A slightly different set of management circumstances are at play with
respect to the endangered Golden-shouldered Parrot, a termite-mound nesting species on Cape York
Peninsula. With the shift from Aboriginal land management to pastoral land management, the fire
regimes were disrupted, either by complete removal (to protect the grass cover), or through lack of
management (allowing hot extensive late season burns to flourish). As a consequence, open
woodlands and grasslands were invaded by native woody vegetation (generally Melaleuca), which
allowed predatory birds to proliferate, perch and hunt more readily on fledgling parrots (54, 55).

Clearly, even minor land management decisions have major implications for the persistence of
wildlife. Unfortunately, threatening processes are rarely obvious and often become apparent only
after a threat has been mitigated (by chance). Furthermore, it is obvious that even though the
northern landscape is often described as ‘intact’ and in ‘good condition’, it is a finely tuned system
that is sensitive to small changes in resource availability. This has significant but not always readily
apparent implications for land use change, intensification or development.

5. CONSERVATION LAND MANAGEMENT IN NORTHERN AUSTRALIA

5.1 Impact of land tenure

Land tenure is a significant determinant of conservation status and land management in northern
Australia. Pastoral leases (cattle and sheep production) cover more than 70% of northern Australia,
with a majority owned by government and leased to families and companies for periods ranging from
a few decades to perpetuity (13). Historically leases were granted with the expectation that the land
would be improved (cleared, sown with pasture, provided with additional watering points) (56).
There is continued pressure to intensify grazing within the generally conservatively managed
properties of northern Australia, driven by a persistent cost-price squeeze and the significant capital
gains possible on large pastoral stations (57). Leasehold conditions generally include some provision
for land management ‘duty of care’. This provision is now often used by government as an
inexpensive means of adding to the conservation estate by requiring inclusion of areas to be
managed for their conservation values (58). There is, however, an argument that despite long
standing land management legislation, governments are soft on pastoralists with respect to their
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environmental impact across large land areas, whereas mining is heavily regulated despite its
relatively smaller impact (59).

Land held, managed or owned by Indigenous people under collective title covers between 15-20% of
northern Australia and these lands might include some areas of forestry, mining and grazing which
generally provides a negotiated economic benefit to the multiple owners (13). There are strong
cultural reasons for Aboriginal people to want to continue to live on country and to practise and
maintain traditional ways of life and land management. There are social and health benefits, and
living on country helps prevent loss of traditional knowledge regarding land management for future
generations (23). These cultural drivers do not often coincide with employment opportunities, or the
existence of amenities to support health and education (for example). As a consequence, there is
pressure to move off country and into regional centres, which reduces the pool of expertise available
for land management (23). Partnerships between Indigenous owners and (for example) mining
companies provide a method for supporting ‘on-country’ livelihoods and continued land
management, with benefits through fire management for biodiversity and carbon emission
abatement (7). Programs of this type present a significant opportunity to improve land management
for conservation and Indigenous livelihoods in northern Australia (60).

Conservation lands make up approximately 6% of the landscape and, because of their small area and
geographic dispersion, do not adequately capture the range and diversity of northern ecosystems. As
is often the case, most of the land designated National Park is more rugged and less fertile than areas
that are commercially exploited. From a bioregional perspective the distribution of conservation land
is uneven, ranging from no conservation reserves (Sturt Plateau) to reasonable coverage (23%
Arnhem plateau). Reserve coverage is generally <10% of the land area in most bioregions. Most
conservation lands are managed by government agencies but there is increasing growth in reserve
ownership by charitable trusts (Australian Wildlife Conservancy, Australian Bush Heritage). Though
the aim of conservation lands is to rehabilitate and protect habitats in a pre-European condition,
funding is more often diverted to infrastructure and tourist development (13). There has also been a
distinct shift to “de-ranger” National Parks in Queensland and centralise their management into
regional townships.

Military land constitutes almost 1% of northern Australia and because of the substantial resources
provided for land management, the large size of military training areas, the limited areal impact of
defence force activities, and legislated requirements to provide environmental management, there
are significant conservation benefits of having land under military tenure in the north (61).

Mining tenures occupy less than 0.5% of the northern landscape, most of which is bauxite leases on
Cape York Peninsula in Queensland. Mines can create localised environmental effects such as dust
plumes (62) and river degradation (63) but current legislative environmental management
requirements are stringent and often mining companies invest in programs with significant
conservation outcomes, which is not characteristic of the grazing industry (64).

5.2 Impact of conservation planning

The conservation planning methods most widely used in Australia are not well-suited to the north.
Much of Australian conservation planning uses the ‘CAR’ concept , whereby a system of nature
reserves is designed to be Comprehensive (including each of the ecosystems present within an area),
Adequate (able to support viable ecosystems) and Representative (captures the diversity of
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ecosystems within an area) (65). This approach is best suited to landscapes that have already been
substantially fragmented, such as those in southern Australia (66), as it essentially attempts to cobble
together a functional landscape from dispersed remnants.

The CAR approach of explicit target setting and conservation planning is inappropriate for the large
and relatively intact ecosystems of northern Australia (13). This has been recognised by the
enactment of legislation preventing further broad-scale tree-clearing in Queensland (67) and in the
Northern Territory, where clearing targets of ca 20% have been set in the Daly Basin with strict rules
that seek to preserve a balance of vegetation types (68).

As described previously, the north’s highly seasonal climate and spatial and temporal shifts of food
and shelter require fauna to range over large distances if they are to survive (69, 70). This requires
large interconnected ecosystems, rather than small pockets of highly dispersed reserves, such as
those arising from conservation planning methods appropriate to the south. The latter approach,
which generally seeks to preserve 10-30% of the landscape, would, if applied in the north, lead to
significant land degradation, resource depletion and biodiversity impacts such as extinction.

So it is clear that the conservation of northern Australian landscapes will not be secured through
traditional methods of planning and incremental, small additions to the conservation estate. These
lands will be an important cornerstone for protection of biota, but must only be a part of a broader,
spatially extensive approach that captures the entirety of landscapes under different tenures.
Strategies required to secure this might include a range of approaches such as stewardship payments
or incentives for protection of ecosystem services (24), punitive or coercive action through legislation
(71), regulation of infrastructure development for water use (72), joint management of land for
conservation purposes between government and Aboriginal land owners (73), partnerships with
industry to manage land under carbon pollution reduction schemes (7) and community partnerships
to jointly manage grazing lands for conservation goals (74, 75).

Because northern Australia falls under the jurisdiction of two Australian States and one Territory,
complementary institutional arrangements are required. Migrating or nomadic species following
rainfall-driven resource booms, or shifting core habitat areas due to changing climate, do not
recognise political boundaries.

6. THREATS AND DRIVERS OF TERRESTRIAL ECOSYSTEM VALUE IN NORTHERN
AUSTRALIA

Reviewing and sometimes, agonising over the impacts and legitimacy of developing northern
Australia’s natural resources is a pastime of some antiquity (e.g. 76, 77). Few have paid particular
attention to the consequences for biodiversity conservation, though the review by Woinarski and
Dawson is the most thorough (27). These authors neatly summarise a number of misconceptions that
continue to influence the exploitation of resources, which could have impacts on terrestrial
ecosystems:

¢ The tropical savanna is vast, monotonous and undifferentiated. This misconception leads to it
being misunderstood, undervalued and therefore mismanaged, particularly by development
interests from the south to whom it is often completely foreign. Interestingly, even biologists in
northern Australia have historically dismissed the savanna environment as uniform and
insignificant (78).
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e The landscape is large in scale, therefore: i) development should be correspondingly large or; ii)
the expanse reduces the need for the safeguards of protection and planning. This misconception
suggests that the need for preparatory study, resource assessment or rehabilitation is not
necessary.

¢ The land is marginally productive; successful development can only occur through transformation
at a large scale. This misconception encourages a general recklessness that can have negative
consequences for both the environment and the business that it is intended to support.

e The economics of development is tenuous and therefore it should not be burdened by imposition
of excessive regulation (e.g. conservation of natural resources), which would affect profitability.
The separation of investment rewards and responsibilities can distort rational decision making
and may encourage a degree of recklessness.

Having identified some generic behavioural influences that may affect terrestrial ecosystems, we
now review a set of their key biophysical impacts and drivers.

6.1 Fire

Fire is instrumental in shaping the Australian environment (79-81) and appropriate fire management
is critical for maintaining biological diversity (82-84). Changed burning practices since European
settlement have resulted in vegetation change and species loss across broad geographic areas (84,
85), but the fire regime requirements of most species are not well known. The contemporary pattern
in much of northern Australia is for areas to be burnt frequently by extensive and intense fires, or
seldom burnt. Ecological opinion is that conservation-orientated fire management should aim to
develop and maintain fine-grained landscape patchiness using fire. Numerous small fires, with variety
in fire timing, frequency and intensity are thought to reflect Aboriginal burning practices, which
tended to be highly patchy (86). Too much fire or too little fire both result in homogenization of the
landscape.

Present day fire operations are tempered by divergent public opinion. Fire is typically used to protect
life and property by reducing fuel loads in hazardous areas. Conservation agencies burn for ecological
purposes; pastoralists burn to improve the vigour and quality of pasture, to manipulate pasture
composition, to assist weed control, and for managing the tree/grass balance (87). Other people
oppose the use of fire. Concerns are expressed about safety, the survivorship of individual animals,
and the effects of smoke on people’s health and the atmosphere. These diverse viewpoints lead to
inconsistent fire management across the landscape.

Attempts at fire exclusion have resulted in large areas being burnt by late dry-season wildfires, with
poor conservation outcomes (88). Restricting fires to low intensity fuel reduction burns is also
unrealistic. Repeated burning of the grassy understory allows trees and shrubs to out-compete the
herbs and grasses, leading to loss of diversity and structural change in the vegetation (89). In some
areas, the grass layer has been reduced to the extent that fire can no longer be sustained. Similarly,
areas where over-grazing has occurred, the ‘woody thickening’ is irreversible. Given the importance
of fire management to species conservation, addressing the currently inappropriate fire regimes is
essential for achieving ecologically sustainable development.

Existing fire regimes across much of the north are not appropriate for species conservation (86). If no
changes are made, the current trajectory of declining terrestrial biodiversity will continue. A number
of overriding and interacting issues are operating:
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e Ecological outcomes depend on a fine scale mosaic of time-since-fire and fire regime
heterogeneity (90). This involves lighting many small fires over time, as the country dries out
after each wet season. Such landscape-scale fire management requires people to be living and
interacting with the land, in order to respond quickly when weather conditions are suitable and
because it develops an intimate knowledge of local geography, fire characteristics and patterns.

e The pastoral population in northern Australia has been in long-term decline (91) as helicopters
have replaced horses for mustering, people have moved to urban areas or are attracted to more
highly paid jobs in the mining industry. Indigenous people, acknowledged as skilled and active
fire managers, have variable access to country, depending on history, jurisdiction and tenure.

e The current focus of fire management is on fuel reduction burning to reduce the risk of wildfire,
or fire exclusion. Fire exclusion is not an option in the fire-prone savannas and results in
widespread wildfires. This is because wet season rainfall is reliable and the grassy fuel load grows
every year. The dry season invariably follows, which cures the fuel to a combustible state (92).
Even if there was no ignition by humans, ignition by lightning strike is possible in the ‘storm
season’ in October-November.

e Proactive fire management is an annually iterative process. It needs to be tailored each year to
meet local climate and fuel load conditions. However there is an associated economic cost (93)
and the priorities of land managers can change from year to year.

e Grazing practices have changed over time. In some areas this has resulted in changed attitudes
towards fire or has reduced fuel loads to the extent that fires will no longer spread, leading to
structural changes in the vegetation (increasing tree cover) (89).

e Political pressure from an urban-dominated population can affect practices in more natural
landscapes, even when climate, vegetation and social conditions are vastly different.

e Current difficulties in achieving conservation-orientated fire management are likely to be
exacerbated by climate change (94). Fluctuations between El Nino’ and La Nina weather patterns
are predicted to occur over shorter timeframes (95) and the resulting variability will make it
difficult to apply standard land management practices. Fires of greater intensity are
foreshadowed; predictions are for windier summers, generally drier conditions, and more days of
high and extreme fire danger.

e Although terrestrial biodiversity in northern Australia is threatened by inappropriate fire regimes,
a number of exemplary projects have been implemented that demonstrate the potential for
improvement. For example, the West Arnhem Land Fire Abatement (WALFA) project (96) has
enabled Indigenous people to return to country and rekindled interest in traditional knowledge.
However there are recurrent issues: short term projects leading to loss of continuity, lack of
resources and support to maintain existing capacity let alone take on new opportunities, loss of
Indigenous ecological knowledge with the passing of Elders and loss of interest among young
people. It is anticipated that isolated good projects would continue with the present enterprise
mix and level of development, but not to extent required for conserving biodiversity.

e Many pastoralists have ‘corporate knowledge’ relating to fire management (97). This is in danger
of being lost, given the trend for large, company-owned pastoral properties and more transient
managers than in the family-run properties of the past.

Increasing the level of development in the north could have positive or negative implications for fire
and biodiversity management. Further development implies an increase in the number of people and
their associated activities. This may increase the risk of wildfire through accidental ignitions or arson.
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With population increase, the risk to life and property from fire increases, thus the greater need for
public understanding and co-ordinated fire management. In the positive sense, development can
provide resources to assist with implementing proactive burning programs, which would significantly
benefit biodiversity conservation.

Development that enables over-grazing or the introduction of non-native pasture species can
detrimentally affect burning practices and species conservation. Supplementary feeding and
increasing the number of watering points can increase grazing pressure on native grasses, thereby
reducing fuel loads and lead to ‘woody thickening’ and loss of grasslands (89). Conversely, introduced
pasture grasses may out-compete native species and accumulate a substantial biomass, leading to
intense fires (e.g. Gamba grass) (98).

Terrestrial biodiversity stands to benefit from development if economic outcomes are positive and
money is directed back to managing the environment. Examples of this are the successful WALFA
project, funded by the sale of carbon credits, and biodiversity offset projects funded by the mining
industry (99).

6.2 Pastoralism

Pastoralism is the dominant land use (and one of the most significant threats to biodiversity) in
northern Australia, despite it being only the third largest contributor to northern Australian regional
economies (behind tourism and mining) (13). The effects of pastoralism on terrestrial ecosystems on
northern Australia are both direct (through the removal of ground cover cattle grazing) and indirect
(by management of water, fire, clearing, the spread of exotic pastures and native animal control).

Cattle grazing began in the 1860’s with land sold sight-unseen based on glowing descriptions of the
potential of the savannas for growing sheep and beef (77). English breeds of cattle generally did very
poorly especially in the wet, and were often only stocked in the dry season. Recognition that many of
the landscapes had limited potential for grazing was overlooked, probably due to the seductive
potential of such seemingly limitless landscapes, and the desire not to leave lands “empty” (27, 100).
Especially in the less capable parts of the landscape, early changes occurred in pasture species
erosion and water degradation. In 1944 there were reports that 10% of the Ord River catchment was
degraded by erosion (Metcalf in 27) and by 1976, 30% of the Fitzroy catchment was considered to be
in poor to very poor condition (101). Overgrazing led to 24 million tonnes of sediment deposition into
the Ord River, forcing destocking of the Dam area (102).

From the 1970s, drought and disease resistant Brahman cattle B. indicus (and their hybrids) were
introduced; and coupled with vaccinations, improved husbandry, dietary and hormone supplements,
and intensification of stocking rates, instigated a wave of increased land utilisation, grazing pressure
and land degradation (57). The consequences of this has been the replacement or supplementation
of native grasses with exotic grasses and legumes, increased provision of artificial water sources,
clearance of native vegetation, decreasing paddock size to better manage stock and overgrazing
during dry years (13). The secondary effects of this intensification are changes to soil hydrological
function, and shifting fire regimes and vegetation dynamics, all of which have consequences for
rangeland biodiversity (103). In Queensland this intensification has continued over the last twenty
years (104).
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Despite grazing being the dominant land use in northern Australia, there are surprisingly few studies
of the influence of grazing effects alone. In the most general sense, grazing can rapidly remove native
palatable plants species (105), with a gradual change through selective feeding until only annual
species and weeds remain (106). This change in groundcover can influence the abundance and
composition of species also reliant on perennial grass seed. The decline in granivorous birds is the
most compelling evidence of this, though there is also a correlation with fire pattern too (49).
Historical evidence exists from a grazing property in central Queensland, indicating that between
1870-1930, 14 resident bird species disappeared after the introduction of grazing (107, 108). More
recent surveys using grazed and ungrazed contrasts identified that between 15-40% of plant and
vertebrate species are likely to decrease with increasing grazing pressure (see review in 109).
Conservative (low stocking rates) grazing regimes have been shown to have a positive benefit for
grass cover, composition and vertebrate species, without any economic cost to the grazing enterprise
(110).

In northern savanna landscapes, grazing can have a direct effect on fire regimes, either through the
suppression of fire, or through the poor use of fire. Grazing directly after fire (to take advantage of
the green pick) can have a compounding effect on the vegetation and fauna, causing a shift from
hummock and tussock grasses to tussock grasses and annuals, which then causes declines in larger
mammals and reptiles (48). Removal of grazing and the reintroduction of mosaic burning in the
Kimberley caused the small mammal population to recover in diversity and abundance (45). Livestock
grazing can reduces fuel loads, particularly in areas that remain damp well into the dry season, which
can alter the fire pattern to favouring shrub invasion (111). There is debate regarding the biodiversity
effects of woody thickening, but apart from some notable examples such as the Golden-shouldered
Parrot (54), change to a more woody vegetation structure confer advantages to a wide variety of
native species (112, 113).

A review of the history of experimental pasture introduction in Australia over the past 100 years
identified attempts to trial and introduce more than 8200 species to Australia, including more than
2600 grass and 2200 legume species (114). A retrospective review of the fate of over 450 introduced
pasture species found that only four were useful and did not become weeds whereas 60 became
weeds and 17 were both useful and considered weeds (115). Perversely there are many examples
where one arm of government has promoted the use of exotic plants while another funds the
eradication or control of those same species (116). At the same time the spread of exotics continues
apace in Australia, either via direct seeding or through continued invasion through fire and grazing
(117).

The invasion and replacement of native species with exotics causes landscape change akin to
fragmentation, by creating patchiness in the native groundcover, loss of plant species diversity and
monocultures (117, 118). Invasion of exotic pastures also causes changes in ecosystem function,
depletion of soil nutrients, altered hydrology and changes in fire pattern (119). Examples of the
impact of exotic pastures on biodiversity include tropical savanna woodlands (47), seasonal wetlands
(120), arid rangelands (121-123) and temperate grasslands (124). Most recently even when cover is
low, buffel grass can have a detectable influence on some aspects of plant and animal dynamics
(123).

The dingo and hybrid wild dogs cost the livestock industry an estimated $66 million per annum, (125)
and as a consequence are the target of government-sponsored baiting and bounty programs. There is
a view now that dingoes may be having a net benefit on native biodiversity, with recent work
suggesting that dingoes may regulate cat and fox populations (by protecting their territories from
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smaller or meso-predators) (46), particularly around livestock water points (126). As feral cat and
foxes are heavily implicated in native mammal declines across Australia (6), this natural control by
dingoes has a significant biodiversity benefit. There are also arguments that as dingos are more likely
to prey on larger animals this will confer some advantage in managing kangaroo and pig populations
on grazing properties. The value of dingoes in the landscape is therefore a bone of contention
between pastoralists and conservationists.

6.3 Mining

Early settlement of northern Australia by Europeans was largely driven by mining (e.g. Argyle,
Jabiluka, Rum Jungle, Mary Kathleen), and imposed environmental impacts of varying scales. Effects
were largely ignored until the 1970s when growing public awareness led to policy changes and
increased environmental regulation. Governments enacted legislation requiring environmental
impact assessment prior to resource extraction and for lodging ‘securities’ to fund site clean-up
should an enterprise fail. Specific agreements were made with large mining companies to address
existing operations and issues, thus establishing a framework for environmental monitoring and
reporting. Environmental legislation was substantially reviewed in the 1990s and now includes the
need to address biodiversity conservation. Consistent requirements are now in place across the
sector; the industry is highly regulated with stringent legislative requirements that benefit species
conservation. Mining companies also responded independently to public pressure and share-holder
views by agreeing to industry standards and best practice (e.g. www.icmm.com/sd framework.php)
and by open-mindedly considering more innovative approaches, such as Biodiversity Offsets
(www.icmm.com), to further reduce their impacts.

The boom-bust cycle typical of the mining industry was previously characterized by a mobile
population moving from ‘field to field’ and establishing small, temporary townships. In the 1990s and
early 2000s this was replaced by a ‘fly-in, fly-out’ culture. From a land management perspective, both
arrangements bring people-pressure to previously remote areas with flow-on effects for biodiversity
conservation. On the other hand, locally-based employees make for a ‘peopled’ landscape and
provide a potential workforce to undertake hands-on activities such as those relating to fire
management.

Further developing the mining industry can have a net benefit if environmental management systems
are well founded, well funded, implemented and enforced. This minimises the immediate industrial
affects and allows profits to be generated. By funding off-site projects that benefit the environment,
there can be conservation gains that otherwise would not occur. An example is the Roxby Downs Arid
Recovery project, which is a successful partnership between mining, government and graziers, in
creating a predator proof enclosure for the reintroduction of extinct mainland mammals (Greater
Stick Nest Rat, Leporillus conditor, Burrowing Bettong, Bettongia lesueur, Greater Bilby, Macrotis
lagotis, Western Barred Bandicoot, Perameles bougainville) (59). Similarly the Supervising Scientist
Division for the Alligator Rivers Region was established following the Australian Government's
decision to approve uranium mining at the Ranger Uranium Mine within the Kakadu region. On-going
funding is provided to undertake environmental reviews of the environmental performance of
uranium mines and to undertake research with respect to tropical wetlands conservation and
management; and conducting more broadly based environmental research on issues of national
significance. The benefit of the latter research has been the on-going monitoring and subsequent
documentation of the decline of small mammal populations at Kakadu, which has provided
significant information on a potential biodiversity crisis for northern Australia (43).
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6.4 Intensive land use change

There is currently limited extensive agricultural development in northern Australia, much of it
confined to the Ord River Irrigation schemes, experimental crop trials at Lakeland Downs on southern
Cape York Peninsula, horticultural development around Darwin and the burgeoning land
development in the Daly River Basin (27, 77, 127). The land clearing associated with these
developments has been limited to targeted areas and often with a scope reduced from the original
plans of many thousands of hectares, to only a few thousand (76).

Agricultural and horticultural development will have three major effects on terrestrial ecosystems
and biodiversity in northern Australia:

1. the direct clearing and fragmentation of existing habitat;
2. theintroduction and spread of feral animals and plants; and
3. possible increase in some native species as agricultural pests.

The effects of fragmentation and clearing on native species and ecosystems has been extensively
studied in Australia and world-wide as it is probably the most significant single impact on biodiversity
(128). Broad-scale tree clearing has ceased in Queensland, though areas in the Northern Territory
such as the Daly Basin have planned clearing for development (68). The effects of clearing depend on
the extent and configuration of the remaining habitat, with a general rule of thumb being that larger
patches with connectivity support more species and at greater abundances than small patches (129,
130). Loss of species from a fragmented landscape can also be gradual over time (a phenomena
called an extinction debt), but can decline rapidly if a critical threshold is met, nominally identified as
30% (130). Clearing can also cause an increase in native species that prefer open and disturbed
habitats, though in some cases they can be aggressive and dominant competitors that result in
declines in remaining species (131). Small habitat patches are also susceptible to further disturbance
and degradation through fire, weed invasion and feral animal predation (132, 133). Infrastructure
development through the landscape can increase the spread of weeds and feral animals through the
landscape and into the remnant vegetation via edge effects (134-136).

As the extent of tree clearing in northern Australia is limited, there are very few studies that have
directly examined the effect of fragmentation in savanna woodlands. A study in central Queensland
in the southern Desert Uplands investigated patterns of bird assemblage in cleared, large patch, small
patch and intact Eucalyptus woodlands (137). Bird species richness was least in cleared areas (8
species per hectare), intermediate in regrowth patches (14 species) and highest in uncleared
woodland (20 species). The effect of landscape fragmentation was also examined in the Litchfield
Shire and Tipperary Station in the Northern Territory (138). Of 75 species of birds, mammal, reptile
and amphibian studies, only 25% used cleared land, while 69% used corridors. Size of fragment,
extent of woodland in a 4km radius and connectivity were the best predictors of native fauna
abundance (138).

One unintended consequence of land-clearing is the potential increase in disturbance tolerant native
animals, that then become pests of the subsequent agriculture. Early cropping development in the
Northern Territory found species such as Magpie Geese and Dusky Rats (Rattus sordidus now R.
colleti) proliferated in sown grain crops (77, 139). Similarly in Queensland the discovery and
description of a new species of native rodent Leggadina lakedownensis was a direct result of it
plaguing in sorghum crops near Lakeland Downs (140). Many native species, including long-lived
iconic species such as cockatoos and kangaroos, can be culled under damage mitigation permits for
agricultural crops, an unwelcome perverse result.
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The most probable scenario and projection for agricultural development in northern Australia is
targeted intermediate intensification through mosaic or pivot agriculture. In this case small areas
(generally 30 ha circles) are cleared and planted for crops, and irrigated via extraction from ground
water aquifers or small scale water diversion. The footprint on face value is small, and often
restricted to about 10-20% of the andscape available, though local scale changes to hydrology can
effect native vegetation surrounding the pivot circle, often up to a further 1 km in diameter. There
are three key issues that can be associated with this level of development, which are in part smaller
scale versions of the effects on terrestrial conservation associated with large-scale water capture and
diversion (see Section 6.5). In summary these are;

e Conflict in key productive areas. Though the potential extent of pivot agriculture is small, it is
likely to target sites in the landscape that have naturally productive soils (e.g. alluvial, basalt), and
appropriate drainage, both of which are fairly limited in northern Australia. These areas are also
likely to be significant areas for biodiversity, as there is a clear association between more
productive pockets of the landscape and high biotic values (141, 142). Concentration of
agricultural development in productive alluvial floodplains has resulted in extinction of mammal
fauna (e.g. Fitzroy and Dawson Valleys, Queensland) (143, 144), and declines in bird and mammal
species (145, 146).

e Fragmentation and edge effects. Even though the area of vegetation removal is small, the
progressive clearing of small pockets of vegetation for agriculture removes habitat for fauna
species, and increases the potential for degradation of surrounding intact native vegetation. The
removal of native vegetation will have limited effect until it reaches a threshold where remaining
habitat is insufficient to support species in natural abundances. Present indications suggest that
no more than 10-20% of native vegetation would be cleared for pivot agriculture, and at this level
the prospect of a strong effect on native species populations seems unlikely (138). However
there is little supporting data to identify what thresholds of tree clearing are sustainable in
tropical savanna environments. Of more concern are the secondary and edge effects that
clearing imposes, such as increased weeds and feral animals, and pest native animals (e.g.
yellow-throated miner), which will increase the degradation of the adjacent native vegetation
(137, 147).

e Ground water overdraft. This occurs when ground water extraction exceeds aquifer recharge and
can result in declining aquifer storage, declines in surface water and stream flows, land
subsistence and reduction or degradation in terrestrial vegetation (148). Significant biodiversity
localities such as springs can dry up (149) and groundwater dependent ecological communities
such as wetlands, alkaline grasslands (e.g. Sporobolus) (150), riparian and floodplain vegetation
(151) can be severely effected (e.g. decline in condition or lost completely) due to the reduction
of water availability. Tropical regions in Australia have more groundwater dependent ecosystems
than temperate areas (152). Though the prospect of excessive ground water extraction can be
limited by regulation, (e.g. draft water plans for the Daly Basin) the long term consequences on
native vegetation on limited extraction are unknown.

6.5 Water capture and diversion

The construction of large dams in northern Australia is currently limited when compared to southern
and eastern Australia. Within the Timor Sea and Gulf of Carpentaria Basins there are nine dams with
a crest height of over 10 m, of which between 1-9% is divertible flow for human use, the remainder
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being available for agricultural and extractive mineral industries (153). Other forms of water capture
and diversion can be via the pumping of groundwater aquifers for irrigation or water points for
grazing stock, and the diversion of natural overland flows into small artificial water points, again for
grazing stock. The consequences of this for terrestrial ecosystems are generally indirect (ie.
secondary) and can be broadly categorised as: flooding of habitat via dams; changes in flooding
regimes (increase or decrease); changes in natural water balances for riparian or other specific
ecosystem associations such as spring; and increased grazing pressure due to increase of surface
water. The effect of intensive land use change as a result of impoundment was discussed in the
previous section.

Changes to flooding regimes and water flows (environmental flows) are probably the most significant
effect of large water impoundment on biodiversity. Flooding of wetlands and alluvial plains
stimulates the breeding of aquatic fauna and aquatic vegetation, which in turn allows large breeding
events in waterbirds (141, 154). Reduced flooding events can reduce the long-term survival ability of
aquatic annual plants, trees that rely on flood events, aquatic breeding terrestrial fauna such as frogs,
and waterbirds (141). If reduced flooding is prolonged, there can be an eventual shift from aquatic to
savanna ecosystems (141). In northern Australia, there are tightly linked patterns between predator
and prey species reliant on flood events, the most notable being the strong relationship between the
Dusky Rat and the Water Python (155, 156). Changes in floodplain dynamics not only affect local and
regional populations of species, but can markedly affect continental-scale distributions and
abundance of waterbirds (157). Some of these, such as the Magpie-goose, are a significant food and
cultural species for Aboriginal people and are an iconic wetland species in the north (158). Dams can
also effect terrestrial ecosystem dynamics by increasing water flows to certain areas, or imposing
stable water environments in systems used to cycles of drying out (157, 159). Prolonged flooding can
change vegetation by simply drowning the landscape, prevention of natural seeding cycles, and
change the bird assemblage to one that is dominated by deep-water species, as opposed to shallow
water feeding species (159, 160).

Riparian habitat and vegetation are highly significant mesic (requiring moderate amounts of water)
ribbons of high biodiversity value, especially in highly seasonal tropical savanna environments.
Riparian vegetation supports a greater abundance and diversity of savanna bird species than
surrounding savanna (161). Changes or degradation in riparian vegetation have been directly linked
to reduced mammal distributions (146). Establishment, maintenance and reproduction of riparian
vegetation is directly related to existing hydrological regimes. Data from the Ord River indicates that
riparian vegetation had changed significantly between the unregulated and regulated portions of the
river (162). Natural springs fed from ground water aquifers are also important biodiversity hotpots in
northern Australia, with many springs containing endemic vertebrates and plants (163). The
extraction of groundwater for stock watering points has been directly linked with degradation and
destruction of these important wetlands, including the possible extinction of endemic species (149,
164).

The effect of artificial water points on biodiversity has been discussed in the previous section, but is
worth reemphasising here, as it is a significant but often overlooked aspect of water diversion that is
unregulated and unmeasured. Grazing pressure decreases with distance from water, creating
concentric rings of grazing effects; the vegetation structure, composition and habitat quality changes,
with disturbance tolerant species becoming more dominant near water (103). Data on the
distribution and number of water-points, and therefore water-remoteness, is sparse for northern
Australia. Examination of the increase in water point density around Alice Springs indicated that due
to a concerted effort to “drought-proof” the country and create smaller paddock for stock disease
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control resulted in the area of land >8km from water reduced from 80-100% to <20% (35) (Fig. 4). In
much of Australia now the prospect of creating “grazing relief” environments for conservation means
de-stocking and water-point closure over large areas (165). There is a now a concerted push in
northern Australia to evenly spread grazing via increasing water points into areas currently
unwatered (166). Though it might be a means of sustainable grazing management, it will have
significant biodiversity conservation consequences (167).
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Figure 4 Proliferation of water points on a central Australian property from 1900 to 2004. Areas remaining distant from
water in 2004 are almost non-existent.

Source: data (used with permission) (35).
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The largest impacts of changes to water regimes are indirect, as outlined above. Nevertheless, direct
impacts can also be important. Creation of large water storages obviously leads to the loss of habitat
through flooding. The nature of the topography required for efficient water capture and storage
often requires that fertile riparian zones are inundated, which are important locations of high
productivity and value for biodiversity, especially in highly seasonal environments. However, the
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areal impacts of such inundations are minor compared with those on the habitat in the surrounding
landscape. Despite this, there seems to be some societal aversion to the concept of flooding land. In
the case of the Ord River development there was a concerted public relations exercise by the
Western Australia government to fund the rescue of fauna being flooded by the filling of the dam
through a program called Operation Ord Noah (168). The articles make for amusing reading, as they
account the exploits of a team shooting rogue bulls and capturing mainly kangaroos, wallabies,
snakes and goannas from the islands created by the inundation. The biodiversity benefit of such an
exercise would be ineffectual and pointless.

An unintended positive outcome of the damming of the Ord River and creation of Lake Kununurra in
1963 and Lake Argyle in 1972, is the creation of two large water impoundments, and the creation of
permanent wetlands from many that were only seasonally inundated prior to damming. These
wetland complexes are now recognised as a Ramsar listed wetland (that is of international
significance under the Convention on Wetlands of International Importance treaty). The key features
of the lakes and associated wetlands are as a dry-season refuge for waterbirds, and an occasional
breeding site for 18 species. Very large numbers of waterbirds occur in the system, which regularly
supports more than 20 000 waterbirds. Lake Kununurra and surrounding wetlands contained about
12 000 waterbirds in September 1978 and October 1979 and about 7 000 in November 1980. Lake
Argyle contains some of the largest aggregations of waterbirds in northern Australia; 181 400 were
counted in August 1986.

6.6 Climate change

The specific local and regional predictions for climate change across northern Australia are not
entirely clear, making an assessment of the impacts on terrestrial ecosystems difficult to identify.
Anthropogenic (human) changes in climate are variably predicted to affect sea level, temperature,
rainfall, cyclones and atmospheric carbon dioxide fertilization (13). The current predicted outcomes
on the northern landscapes include (i) an increase in temperature and, hence, evapotranspiration; (ii)
a wide range of possible rainfall changes; and (iii) an increase in the intensity of events such as
storms and cyclones (169).

The climate change projections for northern Australia have been identified in the IPCC 4™ Assessment
Report via climate models based on three greenhouse gas emissions scenarios simulations for 2030
and 2070. Temperature is expected to increase over the Australian continent with the effect being
more pronounced in inland versus coastal regions (170). The range of predicted annual mean change
in temperature across the savannas is from 0.5°C to 2°C by 2030 and up to 2-4°C by 2070 using worst
case scenarios. Critically, the number of extreme temperature days (above 35°C and 40°C) is
expected to increase in the savannas. Higher temperatures and more intense hot spells will affect the
thermal tolerance of many species (making them prone to desiccation or death), change flowering
and fruiting events of plants, which will in turn effect migration and breeding events of many species.

Rainfall projections are more complex. Rainfall projections to 2030 show a slight increase (+5-10%) in
rainfall during the wet season with no predicted change in dry season rainfall (where little or no rain
falls) except for parts of north Queensland where a decline of 10 percent in winter rainfall is
predicted. The variability of the rainfall is likely to increase in the southern portions of northern
Australia, and in the eastern rangeland areas. Rain will fall more intensely in shorter periods of time
which might potentially cause increased flooding events. These rain events may also result in
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increase fuel loads by rapid growth of annual grasses that subsequently cure quickly and cause more
intense wildfire.

Given the strong association of northern Australian biodiversity with rainfall and temperature
seasonality, climate change may have a significant effect on many species. Widespread generalist
species may benefit (50), overall populations might decrease due to a magnification of current
threatening processes (e.g. fire regimes, amplified impact of grazing) and reduced productivity of the
landscapes. For example, fire frequency may potentially increase from the current annual/biennial
frequency, compounded by the reduction in the number of days where prescribed burning is possible
(increased extreme fire weather days) resulting in late dry-season, uncontrolled fires (169).

Increased drought periods may lead to a reduced bird assemblage, as bird species richness has been
shown to decline down rainfall gradients for tropical savannas (171). The decline of granivorous birds
in Australian savannas is correlated with greater rainfall variability (49). In particular, bird
abundances may decline as a result of longer, harsher dry seasons creating a resource bottleneck
(172). Geographic ranges and phenological timings are likely to shift, as has occurred for bird species
in other habitats (173, 174). This may be particularly pronounced for honeyeaters, whose
movements are tightly linked to flowering events (175). Ranges of species may also contract as
suitable habitat becomes less available, and individual survival may decrease due to hotter, drier
periods (176). The highly productive coastal floodplains systems in northern Australia might also be
under threat through inundation (177). This is likely to have a substantial effect on northern
Australian biodiversity; affecting the concentrations of waterbirds, fish, and other aquatic
vertebrates that congregate and use these coastal floodplains for feeding, breeding and nesting
(178).

Elevated atmospheric levels of CO, may, via a ‘fertilisation effect’ increase the growth of woody
species over that of grasses (179). This can potentially facilitate the conversion of grassland to
shrubland, disadvantaging species that rely on open savanna woodlands (55, 180). The interaction of
increased shrubby growth, cattle grazing and fire, will make management increasingly difficult where
cattle grazing is reducing grass biomass that both competes with woody vegetation and provides the
main fuel for fires (13). The biodiversity effects of increasing woody growth are not necessarily
negative for a vast majority of species (112), but high profile endangered species impacts tend to
receive more focus (181). In some places the thickening is a consequence of natural climatic
fluctuation causing mass recruitment followed some years later by drought-driven dieback (182).
Increasing CO, will also decrease the nitrogen content of forage and this might have an impact on the
nutritional value of forage for native herbivores as well as livestock (183).

Finally the predicted increase in intensity of cyclones may affect the biodiversity of northern Australia
(184). Between 2005 and 2006 three high intensity cyclones (Ingrid, Larry and Monica) passed
through northern Australia, resulting in heavy destruction of canopy trees (185). Such damage can
cause direct mortality of species, remove limbs or old tress with tree hollow habitat, impact on
isolated or small population of significant species (e.g. island mammal populations) or increase the
incursion of fire or weeds into discrete vegetation patches (e.g. monsoon forest) or undisturbed
woodlands.

Northern Australia’s ecosystems are likely to become increasingly fragile and vulnerable as a result of
climate change, a situation that will also make them increasingly vulnerable to the negative impacts
of development. As a simple test of what might be the consequences of climate change on the
particularly vulnerable component of fauna ( already undergoing some degree of existing depletion)
(43), we examined the possible future distribution of 10 mammal species under IPCC climate change
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scenarios. Distribution models were created using known occurrences of species recorded since 1980
and a presence-only species distribution modelling algorithm, Maxent (186).

Distribution models utilised temperature and rainfall variables, and future projections (2030, 2050,
2070) provided by Global Climate Models and emission scenarios from the IPPC 4th assessment. Of
the 10 species modelled all species indicated a decline in future distribution (Table 5, Fig. 5), the most
significant being Brush-tailed rabbit-rat, Black wallaroo, Northern phascogale and Carpentaria rock-
rat, which all declined to virtual extinction by 2030. More widespread species (e.g. Common
planigale, Pale field rat) declined to a lesser degree, but species such as the Pale field rat are already
undergoing substantial decline in distribution due to existing land management regimes (146). These
projections suggest that climate change might have a catastrophic effect on northern Australian
mammals.

Table 5 Percent decline in distribution for ten northern Australian mammal species under 2030, 2050
and 2070 climate change scenarios.

Species Common name Change to Changeto Changeto
2030 2050 2070
Conilurus penicillatus Brush-tailed rabbit-rat -90% -90% -90%
Leggadina lakedownensis Tropical short-tailed mouse -60% -60% -60%
Macropus bernardus Black wallaroo -90% -90% -90%
Mesembriomys gouldii Black-footed tree-rat -60% -60% -70%
Petaurus norfolcensis Squirrel glider -50% -50% -50%
Phascogale pirata Northern phascogale -90% -90% -90%
Phascogale tapoatafa Eastern phascogale -50% -50% -50%
Planigale maculata Common planigale -30% -30% -30%
Rattus tunneyi Pale field rat -20% -20% -20%
Zyzomys maini Carpentaria rock-rat -90% -90% -100%
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Figure 5 Scenarios of mammal decline under averaged climate change predictions for 2030, 2050 and 2070. The first
indicates predicted potential environmental space for Conilurus penicillatus, the second for Mesembiomys gouldi and the
last for Rattus tunneyi.

Source: VanDerWal and Kutt unpublished
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6.7 Carbon industry

The carbon economy is increasingly being seen as an emerging development opportunity for
northern Australia. Whether or not the impacts on terrestrial conservation are positive or negative
will depend on the specific policies and operational frameworks established. Only a few of the
greenhouse gas reduction strategies being developed are suitable for the social, cultural and
environmental conditions in northern Australia (187). Options might include changed savanna
burning practices (such as those currently being investigated on Indigenous lands), reducing the
number of feral ruminants, producing BioChar, or undertaking forestry projects specifically aimed at
sequestration. Excluding fire to reduce emissions, establishing tree plantations, or promoting
woodlands over grasslands (with potential loss of grassland species), all have significant biodiversity
implications, most of which have not been evaluated.

Agreed trading mechanisms are currently ill-defined. Clear links between regulated carbon credits,
voluntary carbon credits, verification processes, carbon registers and accounting, and market
interfaces need to be established. The voluntary market has fewer regulatory drivers, but there is
strong interest due to increasing demand from companies, organisations and individuals seeking to
mitigate the consequences of their greenhouse gas emissions (188).

As a result of the great deal of regulatory uncertainty, the potential effects of the carbon economy on
biodiversity conservation can be no more than speculative. The Carbon Pollution Reduction Scheme
(CPRS) is still under development and current emphasis is on sectors other than agriculture (187). The
viability of carbon trading as an alternative land-use in rangelands is yet to be demonstrated and no
single path will clearly benefit species conservation. Ecological benefits have been associated with
changed savanna burning practices and the sale of carbon credits (99), but detrimental effects could
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result if woodlands are always promoted over grasslands. The grasslands on Cape York Peninsula, for
example, now occupy less than10% of their extent in1960. Their major threat is structural changes in
the vegetation in the absence of intense fires (89). Promoting tree growth for sequestering carbon
will affect species that depend on grasslands. Conversely, discouraging fire may help to provide areas
in the landscape with a long fire-free interval, also considered important for species conservation
(189). Plantations of non-native or non-endemic tree species will also have consequences for
biodiversity.

The carbon economy provides an opportunity to fund land management practices that benefit
biodiversity. However requirements are similar to any new business venture, so business acumen,
expertise in negotiation and communication, and legal and regulatory frameworks are relevant (187).
There are potential gains for biodiversity if market development embraces ‘triple bottom line
accounting’ from its inception.

6.7.1  Opportunities for conservation associated with the carbon industry

If soil carbon can be legitimately traded, and is economically viable, it may preclude intensification of
the grazing industry or encourage restoration of degraded areas, with concomitant biodiversity
benefits. Engaging with the carbon trading market presents opportunities to develop innovative,
environmentally friendly projects (187) that bring external funds to regional areas.

Savanna burning accounts for approximately 1 - 3% of Australia’s annual greenhouse gas emissions, a
figure that can be reduced by proactive fire (land) management. Here is the synopsis: monsoonal rain
falls in northern Australia each year and warm temperatures promote rapid plant growth; a
prolonged dry season invariably follows, which cures the grassy fuel load making it easy to ignite,
either by people or lightning. Wildfires commonly occur late in the dry season, burning vast areas,
diminishing biodiversity and releasing greenhouse gases. Fires lit early in the dry season are less
intense. Combustion is less complete: plants are not entirely consumed by fire; more coarse woody
material remains; and less methane and nitrous oxide is released. Early dry season fires also create
‘burnt breaks’. These areas of reduced fuel can stop late season fires, further reducing emissions.

Fire has been considered neutral from a carbon perspective, assuming that the carbon released from
burning biomass is reabsorbed by actively growing plants soon after. Methane and nitrous oxide are
not rapidly absorbed or removed from the atmosphere however, so changed burning practices are a
valid means of reducing emissions. The ‘savings’ can be converted to ‘carbon dioxide equivalents’
(CO,-e) and traded on the carbon market.

The emerging carbon market provides an opportunity for solving another problem. Data from
satellites showed that extensive areas of West Arnhem Land (NT) were being burnt in late season
wildfires. The Aboriginal owners of the land did not have the capacity to conduct early season burns
but could potentially secure revenue by selling emission reductions on the voluntary carbon market.
Traditional Owners, researchers, industry and government worked together to explore options.
Industry needed proof, security of investment and accountability. Changes in government policy
were required for transactions to proceed, and Aboriginal people needed access to country at
appropriate times. The initial project stages had a strong research focus to provide the science: how
much reduction in CO,-e was likely and how could it be measured? The pieces eventually fell into
place. Darwin Liquefied Natural Gas (DNLG) now pays Indigenous fire managers around $1Million a
year to implement strategic fire management across 28,000 km? of Western Arnhem Land.
Helicopters are used for early season access, there has been a reduction in late season wildfires and
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around 122,000 tonnes of CO,-e a year have been abated — more than the 100,000 tonnes
contracted to DNLG for offsetting their industrial greenhouse gas emissions.

This initiative has provided employment for Indigenous Rangers, created educational opportunities
and is helping to revive and protect Indigenous culture. Biodiversity benefits have also accrued —a
reduction in fire frequency and fire severity safeguards habitats for a rich assemblage of species.

The West Arnhem Land Fire Abatement project provides a model where Traditional Owners can
engage with the broader community to reduce greenhouse gas emissions, protect culture and
biodiversity on their country, and bring social and economic benefits to their communities. The
model applies to other fire-prone tropical savannas and is currently being expanded to four other
regions in northern Australia. The long term aim is for Traditional Owner engagement in the carbon
market and self determination.

Optimism exists that emerging emission trading schemes and biodiversity offset projects could
provide opportunities and income streams for land managers to retain, conserve or restore native
vegetation. However the associated risk is that biodiversity conservation will remain dependent on
market forces and potentially suffer economic downturns. Mechanisms to insure against this risk
should be considered.

7. PRINCIPLES, PRACTICES AND POLICIES TO IMPROVE TERRESTRIAL
CONSERVATION

Despite the large and seemingly intact landscapes of the north, the substantial and pervasive decline
in many of its native wildlife populations shows that the north is more fragile than its rugged visage
would suggest. The north must be actively managed to maintain sound ecological function. The
following principles, practices and policies are suggested, in addition to the many specific ‘enterprise’
level suggestions made above.

7.1 Planning and co-ordination

Conservation planning is the key to the long term survival of species. Significant biophysical and
ecological information has been gathered at the bioregional level and provides a starting point for
planning. This independent bioregion approach should be continued as the basis for impact
assessment. Generic predictions regarding development impacts are difficult to make due to the
climatic and landscape variation across northern Australia, as well as site-specific differences. Indeed,
some aspects of conservation planning, such as fire management, water extraction and clearing of
vegetation are best undertaken at the property and sub-regional levels. Some impacts occur
irrespective of land tenure or ownership and cannot always be contained. Their effects can be
broader than those immediately visible, so careful planning and co-ordination of activities is required
at the local scale.

Improved fire management, in particular, is critical to terrestrial conservation. This aspect needs to
be considered in all development proposals, as well as communicated to the general public to
engender support for addressing ecological objectives.
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7.2 Consultation

General landscape patterns and ecological functioning are broadly understood for northern Australia
but detailed biodiversity knowledge is scant. Local residents are therefore an important source of
detailed local-scale information and knowledge that is required to inform scientists and policy
makers. In addition to acquiring much-needed information, consultation has the capacity to engage
landholders and Traditional Owners in decision making and land management action. Strong working
relationships with local people will provide insights on the responses of different land types and
species to different land management practices. This will enable conservation programs to draw on,
and develop on-ground experience and skills. For fire management in particular, the current
knowledge-base and skills need to be retained and expanded.

Clearly, consultation methods need to be tailored to the target audience and local operating
conditions (e.g. politics, group dynamics, seasonal activities). For best results, administrative systems
need to recognise the legitimate differences between regions and cultures.

7.3 Continuity of conservation programs

A major inhibitor for achieving conservation outcomes is the cost associated with identifying and
remediating the environmental damage caused by European settlement. Due consideration has been
given to biodiversity only in relatively recent years, with funding usually restricted to short-term
projects. Discontinuity and lack of long term commitment has significantly hampered progress. In
terms of threatened species and weed or feral control, the task is enormous and will not be solved by
once-off activities reliant on a few key individuals. Using fire management as an example: grass (fuel)
grows each wet season, so establishing and maintaining a mosaic of ‘time-since fire’ requires regular
attention and action. It is the on-going fire regime rather than a single fire that determines
biodiversity outcomes. Short-term projects or processes cannot take this into account and are largely
ineffective. In addition, projects and processes need to be supported long enough for changes to be
consolidated into long term management practices.

7.4 Best practice

‘Best Practice’ should be an over-riding principle for all conservation management activities and for

evaluating development options. It implies that the best information available will be used to guide

on-ground practices and activities. The overall concept is that there is a technique or method that is
more effective at delivering a particular outcome than any other technique or method. However it is
also adaptive, specifying the need for monitoring and review so improvements can be made or new

ideas developed.

There are many examples of ‘best practice’ activities being undertaken across northern Australia, but
uptake is restricted, either through lack of awareness, lack of skills to access and apply the
information, or limited resources. Advances in information technology can lessen these gaps, but
education, extension, training and on-going support is required to embed this cultural change in
regional areas. “InfoNet” (www.infonet.cdu.edu.au/nrm) is a web-based mapping tool developed in
the Northern Territory for property-scale and regional-scale biodiversity planning and is an example
of centrally stored information widely available for land managers. It would be advantageous if such
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proven applications were expanded across jurisdictions and promoted, with the supporting datasets
appropriately maintained.

8. KNOWLEDGE GAPS THAT IMPEDE APPLICATION OF BEST PRACTICE LAND
MANAGEMENT FOR CONSERVATION

8.1 Fire
Knowledge gaps retarding appropriate fire management for biodiversity conservation include:

e The response of terrestrial vertebrates to different fire regimes is largely unknown. What scale of
landscape patchiness, with burnt and unburnt country and intermediate stages of vegetation
recovery, is acceptable?

« Different tenure types, land use objectives and landholder attitudes confound the capacity to
implement ecological fire management at the bioregional level. Local, social and cultural settings
need to be understood to effectively apply science to management. Social and systems analysis
research would help to move research findings to social reality (190).

e Research is required to record traditional knowledge of fire management and fire pattern for
different areas and to canvass the views of the Traditional Owners regarding the best means of
using fire for the ecological management of country. Different models for integrating this
knowledge with other land management objectives, involving Indigenous people in day to day
fire management practices can then be formulated and assessed. A positive outcome could
address the dual goals of maintaining biodiversity and conserving cultural heritage.

8.2 Carbon

To establish viable regional enterprises based on carbon reduction activities, better information on
the links between carbon accounting, biodiversity conservation and suitable reduction techniques is
required. Priorities include:

e Measuring differences in carbon stocks in vegetation and soils under different land uses and fire
regimes, and carbon movement between vegetation and the atmosphere;

o Comparing greenhouse gas emissions under different fire regimes in different locations, soil
types and land use;

e Evaluating the economic, biophysical and social costs and benefits of adopting Indigenous fire
management strategies;

« lIdentifying the business, policy, accounting and legal frameworks required to set up ventures that
receive funding for emission reductions from changed land management practices;

e Clearly understanding the trade-offs, synergies and enhancements involved with participating in
the carbon market as well as conserving biodiversity and how results can be accommodated in
regional conservation planning.
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8.3 Mining

The mining industry recognizes that proactive conservation actions are needed to compensate for
the unavoidable harm to biodiversity caused by development projects. There is willingness to
participate in ‘biodiversity offset’ programs (191), but better information would help to validate this
concept:

e Can acommon currency be devised so offsets are appropriate, acceptable and comparable for
linking to business impacts on biodiversity? What is required to ensure offsets are properly
managed and are financially and ecologically sustainable?

¢ How and when should biodiversity offsets be integrated into mining projects? There are issues of
time, scale and equity.

¢ What improvements can be made to the current EIA system, especially in terms of evaluating the
impacts and risks associated with large mining projects (e.g. habitat fragmentation, flooding of
tailings dams, toxic chemical spills, oil spills, emissions)?

8.4 Intensive land use change, pastoral intensification, water capture and diversion

Changes to land use intensity or purpose via increased agricultural development, pastoral
intensification and more generally water capture and diversion from its natural hydrological regimes,
are broadly understood will all have significant and negative effects on the biodiversity of northern
Australia. Interruptions to resource availability (e.g. vegetation and water), habitat loss and
fragmentation will decrease ecosystem function and values, and place flora and fauna at risk. This is
scientifically indisputable, but detailed information regarding the exact thresholds and consequences
of increased development with specific reference to tropical savannas is sparse; thus for designing or
assessing development proposals, inadequate tools exist and a strong precautionary approach should
be invoked. Three key knowledge gaps can be highlighted:

. Thresholds of change. A more balanced approach to development design, assessment and
management would be based on knowledge of thresholds: what type and how much habitat
modification can occur before an unacceptable or irreversible negative conservation impact
occurs? Currently, this can only be estimated in very approximate terms. A much more
detailed understanding of the functional ecology of northern Australia is required before it will
be possible to adequately determine development trade-offs and thresholds.

. Scale of knowledge. We have a good understanding of the broad patterns of tropical savanna
biota, and the large scale influences that control the assemblage and abundance of species
across the landscape. However the accumulating evidence that many species, in particular
birds and mammals, are declining in distribution across seemingly intact landscapes, suggests
our knowledge of fine scale drivers of change is still poor. Until we comprehensively
understand the cause of species decline, negative impact will continue to occur. The
development of northern Australia must be prescient of these knowledge limitations.

. Application of knowledge. The mitigation and management of development effects on the
landscapes and species requires the application of best practice knowledge. This also requires
people to be on country as land managers, and resources to be available to fund conservation
management. How many people, how much funding, priority regions and the scope of
management for ecologically sustainable outcomes, is still somewhat unknown.
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9. SUMMARY

It is clear from this review that northern Australia is perhaps one of the most precious biodiversity
and conservation assets remaining on this continent. It is also of high global biological significance.
However the region provides somewhat of a paradox; on one hand the biological values are without
peer in Australia — vast, interconnected tracts of tropical savannas. On the other hand there are clear,
unambiguous signals that the security of its biodiversity is under severe threat. This is a function of
the extreme climatic variability, extensive land use change since European settlement, and the
general fragility of Australian landscapes to disturbance as evidenced by the embarrassing extinction
rate of native mammals.

Any development in the north needs to be circumspect and recognise that without careful planning,
there is a great risk for irreparable damage to its terrestrial ecosystems. Climate change looms as a
catalyst for accentuating future development effects on biodiversity. Fire management is particularly
important in northern Australia, and with a current focus on carbon pollution reduction by
government, there are innovative opportunities for conservation stewardship. These opportunities
will be most significant for Aboriginal people and could redress the social and economic inequity that
characterises previous avaricious development of the south. Any agricultural or pastoral
development that results in water diversion, extraction and use, will have an overall negative effect
on native biota; the scale of development will dictate the scope of the impact. It will compound an
already delicately balanced system.

The most important dictum for development with respect to terrestrial ecosystem conservation
would be the need, for slow, very limited, staged development. This must include learning from
careful monitoring of changes in natural resource use, and adaptive management to mitigate any
missteps or miscalculations in the development trajectory.
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