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Abstract. Land clearing threatens biodiversity, impairs the functioning of terrestrial, freshwater, and marine ecosystems, and is a key contributor to human-induced climate change. The rates of land clearing in the State of Queensland,
Australia, are at globally significant levels, and have been the subject of intense and polarised political debate. In 2016, a
legislative bill that aimed to restore stronger controls over land clearing failed to pass in the Queensland Parliament,
despite the clear scientific basis for policy reform. Here, we provide a short history of the recent policy debate over land
clearing in Queensland, in the context of its global and national ecological significance. Land clearing affects regional
climates, leading to hotter, drier climates that will impact on the Queensland economy and local communities. Loss of
habitat from land clearing is a key threatening process for many endangered animals and plants. Runoff from land clearing
results in sediment and nutrient enrichment, which threatens the health of the Great Barrier Reef. Australia has made
national and international commitments to conserve biodiversity and reduce our greenhouse gas emissions, but current
land clearing policies are not consistent with these commitments. Stronger regulation is needed to reduce vegetation loss,
such as target-based regulation, which sets a cap on land clearing and could effectively halt vegetation loss over the long
term. Lasting policy reform is required, and we recommend an effective policy mix that restricts clearing, provides
economic opportunities for vegetation retention, and informs the Australian community about the value of native
vegetation.
Additional keywords: agriculture, Australia, Brigalow Belt, Cape York Peninsula, deforestation, Great Barrier Reef,
habitat loss, land use change, threatened species, woodlands
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Introduction
Land use change poses the single greatest threat to species and
ecosystems worldwide due to the resulting habitat loss, fragmentation, and degradation (Vié et al. 2009). In Oceania habitat
loss is a key threat for over 80% of threatened species (Kingsford
et al. 2009). Australia has one of the highest rates of land
clearing in the world, having cleared 5 896 300 ha of tree cover
between 2000 and 2012 (Hansen et al. 2013). Over 40% of
Australia’s forests and woodlands have been cleared since
European colonisation, and much of the remainder is degraded
and fragmented (Bradshaw 2012). Widespread land clearing
across Victoria, New South Wales and South Australia had
already occurred by the early 20th century, with clearing in some
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states ceasing when little was left to clear (Evans 2016). Over
43% (19 million ha) of south-west Western Australia has been
deforested, with little of the remaining in protected areas
(Wardell-Johnson et al. 2016). Queensland has become the
contemporary land clearing hotspot, contributing 50–65% of
Australia’s total loss of native forest over each of the last four
decades, dwarfing other states (Evans 2016). Eastern Australia
is projected to continue to be a global land-clearing hotspot over
2010–30, due to changes to regulations in both Queensland and
New South Wales (Taylor 2015). Queensland’s land clearing
has ramifications for local terrestrial, freshwater, and marine
ecosystems, including the World Heritage–listed Great Barrier
Reef and intact wilderness areas of Cape York Peninsula, and for
www.publish.csiro.au/journals/pcb
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regional and global climate. The sheer scale of Queensland’s
land clearing is undermining investments made by the Australian
and Queensland Governments in conservation of biodiversity and
the Great Barrier Reef, and in greenhouse gas emission reductions
(Table S1 available as supplementary material to this paper).
Recent policy changes around native vegetation in Queensland
have been the subject of intensive political debate (Evans 2016;
Reside et al. 2016). The public face of this debate has been
characterised by two broad groups: those who oppose restrictions on native vegetation clearing, including many in the
agricultural sector and the conservative Liberal–National party,
versus those who support clearing controls, including environmental groups, ecological scientists, and the Labor Party. In
August 2016, a bill that aimed to restore regulations on native
vegetation clearing under the Vegetation Management Act 1999
(VMA) (Table 1) failed to pass the Queensland Parliament by
one vote, after the Labor State Government failed to secure
cross-bench support of the bill. In the absence of strong regulations on vegetation clearing, the rate of woody vegetation loss in
Queensland is now over 295 000 ha year1, the highest since
2005–06.
Land clearing controls, including legislation, codes of practice under legislation, and enforcement of the laws, were all
substantially weakened by the previous State Government from
2012 to 2014. Yet, the original purpose of the VMA was
purportedly retained: to regulate clearing such that it conserves
‘remnant’ (intact or mature) forest or woodland, prevent land
degradation and biodiversity loss, maintain ecological processes, and reduce greenhouse gas emissions. However, in reality,
the dilution of the land-clearing controls has led to a rapid
increase in land clearing (Fig. 1), resulting in a backwards
trajectory for each of the intended outcomes of the VMA.
It remains unclear how and when Queensland may again
increase regulatory controls on land clearing. Although the
ensuing political debate over this issue was highly polarised
(Reside et al. 2016), the scientific basis for controlling land
clearing remains sound. Greater regulation of land clearing in
Queensland was endorsed by a public declaration highlighting
concerns over the rapid loss of forest and woodland in Australia
signed by over 400 scientists and four scientific societies (SCB
Oceania 2016). The scientific basis for concern around native
vegetation loss in Australia is wide-ranging, covering impacts
relating to terrestrial, freshwater and marine ecosystems, threatened species, soil health and salinity, on-farm productivity, and
regional and global climate. There are policy implications for all
of these issues, which subsequently impact on multiple stakeholder groups (including agricultural, tourism, recreational and
residential). The sheer complexity of this issue and the ongoing
debate creates a need for a clear synthesis of the ecological
impacts of land clearing, and policy options for reducing
ongoing vegetation loss. In this paper we: (1) outline the policy
background of land clearing in Queensland; (2) provide an
overview of the history of land clearing in Queensland; and
(3) review the impacts on climate, species and ecosystems in
terrestrial, freshwater and marine realms. We conclude by
outlining recommendations for policy reform.
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Policy background
The VMA regulates clearing of vegetation1 in Queensland on
freehold and leasehold land. Prior to the amendments to the
VMA in 2004, land clearing in Queensland occurred at a rate of
over 400 000 ha year1 (Fig. 1). These amendments instituted a
ban on broad-scale clearing of remnant vegetation, which took
effect in 2006. Later amendments in 2009 extended regulation of
clearing to ‘high-value’ (i.e. advanced-age) regrowth forests
(Evans 2016). At this time, legislative protection for native
vegetation in Queensland was among the strongest in the world.
The Liberal–National party came to power in Queensland in
2012, and passed The Vegetation Management Framework
Amendment Act 2013 (Queensland Government 2013). The
2013 amendments included provisions that:
 removed restrictions on clearing of high-value regrowth
vegetation on freehold and indigenous land;
 introduced codes to allow landholders to self-assess clearing
activities such as fodder harvesting and vegetation ‘thinning’;
and
 reversed the 2006 ban by allowing clearing of remnant
vegetation for ‘high-value’ agriculture (i.e. crops and irrigated pastures).
Elected in 2015, the minority Labor Queensland Government
introduced a legislative amendment bill to reverse most of these
2013 amendments to the VMA (Table 1), which failed to pass in
August 2016. It remains unclear when the Queensland Government may again attempt to restore legislative controls on land
clearing.
Land clearing overview
Changes to land clearing rates are closely aligned with changes
to governments, and subsequent changes to policy and legislation (Fig. 1). Over the period of tightened regulation, woody
vegetation clearing rates dropped from 715 481 ha year1 to
83 749 ha year1 (DSITI 2016). However, clearing rates
increased to 295 556 ha year1 (,1.5 times the size of Brisbane
Local Government Area) after compliance investigations and
penalties were suspended in 2013 (DSITI 2016).
Over 92% of woody vegetation cleared since 1999 has been
to create or retain pasture (Table S2). Around 37% of land
cleared since 2012 occurred in the Great Barrier Reef catchment
area (Fig. 2) (DSITI 2016), mostly in the Brigalow Belt bioregion (44% of the State’s total clearing) (IBRA 2012), followed
by the Mulga Lands (22%) (Fig. 3). The rate of woody vegetation clearing for settlement (i.e. imminent urban development)
roughly doubled in the post-2013 period (DSITI 2016). While a
substantially smaller area than that cleared for pasture, clearing
in urban areas has implications for many threatened species,
including the 97 threatened species occurring in Brisbane, and
threatened species occurring in 17 other cities across Queensland (Ives et al. 2016).
Clearing of remnant woody vegetation has nearly doubled
since 2012, from 58 000 ha year1 to 114 000 ha year1 (Fig. 1),
and over one-third of clearing now occurs in remnant woodland

Under the Vegetation Management Act 1999, ‘vegetation’ is a native tree or plant other than the following: (a) grass or non-woody herbage; (b) a plant within a
grassland Regional Ecosystem prescribed under a regulation; (c) a mangrove.
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Table 1. Key reforms in the Vegetation Management (Reinstatement) and Other Legislation Amendment Bill 2016 (Reinstatement Bill) put to the
Queensland Parliament on 18 March 2016
The bill: https://www.legislation.qld.gov.au/Bills/55PDF/2016/B16_0035_Vegetation_Management_(Reinstatement)_and_Other_Legislation_Amendment_Bill_2016.pdf. Explanatory notes: https://www.legislation.qld.gov.au/Bills/55PDF/2016/B16_0035_Vegetation_Management_(Reinstatement)
_and_Other_Legislation_Amendment_Bill_2016E.pdf
Acts

Key Reforms

Amendment of the Vegetation
Management Act 1999 (VMA)

 Reinstatement of the protection of high-value regrowth on freehold and indigenous land (Category C).

Sustainable Planning Act 2009
Amendment of the Water Act 2000
Amendment of the Environmental
Offsets Act 2014

 Removal of the provisions that permit vegetation clearing for high-value agriculture and irrigated high-value
agriculture.
 Broadening the protection of regrowth vegetation watercourse areas (Category R) to mean within 50 m of a
watercourse or drainage feature located in the Great Barrier Reef catchments (Burnett–Mary, Eastern Cape York,
Fitzroy).
 Reverse the onus of proof for vegetation clearing offences: ‘y contravention of a vegetation clearing provision is
taken to have been done by an occupier of land in absence of evidence to the contrary’.
 The amendments to have retrospective effect (from 17 March 2016 when the Bill was introduced) to prevent panic
clearing of areas proposed for reregulation.
Operational works and material change of use development applications must be for a relevant clearing purpose
under section 22A of the VMA.
Requirement for a riverine protection permit for the destruction of vegetation in a watercourse.
 Removal of ‘significant’ in defining ‘purpose and achievement’, ‘offset condition’ and ‘residual impact’, so that
offsets are required for any residual impact.
 Provide ability to legally secure offset areas.
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Fig. 1. Annual rate of clearing of regrowth and remnant woody vegetation in Queensland with corresponding political
and legislative changes. (a) The Vegetation Management Act 1999 (VMA) entered into force September 2000 to regulate
clearing of all vegetation on freehold land in Queensland. This initially produced a spike in clearing rates due to panic
clearing (McGrath 2007). (b) May 2004: VMA was extended to leasehold land; later that year, broad-scale clearing was
capped (Kehoe 2009). (c) December 2004: VMA amended to effectively end broad-scale clearing of remnant vegetation
for agricultural purposes and financial compensation was offered to affected landholders, to come into effect in 2006.
(d) October 2009: VMA amended to regulate clearing of high-value regrowth vegetation. (e) April 2012: Review ordered
into the enforcement of the VMA; all investigations into non-compliance suspended. (f ) May 2013: the Vegetation
Management Framework Amendment Act 2013 was passed by Parliament. Graph adapted from DSITI (2016) and State of
Queensland (2015).
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Landholders may also obtain development approval to clear for
high-value agriculture, which includes crops and irrigated
pastures (DSITI 2016).

N
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GBR Catchment
Brigalow Belt North, Brigalow Belt South and Mulga Lands
Cape York Peninsula

Fig. 2. Important regions of Queensland impacted by land clearing: Cape
York Peninsula bioregion (far north) (Environment Australia 2000), which
consists of intact wilderness at threat of broad-scale clearing (light grey); the
Brigalow Belt bioregions (North and South) and the Mulga Lands bioregion,
which have had the highest rate of broad-scale clearing and contain
threatened species impacted by land clearing (dark grey), and the Great
Barrier Reef (GBR) Catchments (hashed area). Data were provided by the
State of Queensland (Department of Science, Information Technology and
Innovation) 2016. GBR Catchment data were provided by State of Queensland (Department of Natural Resources and Mines) 2016. Updated data are
available at http://qldspatial.information.qld.gov.au/catalogue//.

and forest (DSITI 2016). There are many circumstances under
which landholders may clear vegetation without a permit,
guided by self-assessable codes (Queensland Government
2014a). These include managing woody plant encroachment
in grasslands, knocking down mulga (Acacia aneura) and eight
other tree species to feed livestock on foliage (‘fodder harvest’),
forestry, operational efficiency of agriculture and vegetation
‘thinning’ (reduction in woody vegetation density). These selfassessable codes require only a notification to clear, and leave
room for considerable interpretation over the definition and
extent of thinning. Since the failure of the Vegetation Management (Reinstatement) and Other Legislation Amendment Bill
2016 in August 2016, 273 000 ha of remnant or high-value
regrowth, including eight nationally threatened ecological communities, have been notified for clearing under the self-assessable codes (Queensland Government 2017). Many of these
notifications are in threatened species habitat (WWF 2017).

Impacts of land clearing
Regional and global climate
Broad-scale clearing modulates regional climate by altering
fluxes of energy and water vapour, specifically via reduced
evapotranspiration and altered albedo effects (Deo 2011;
Alkama and Cescatti 2016). Forests have an evaporative cooling
effect on the landscape that promotes moisture cycling, cloud
formation, and convective precipitation (Syktus and McAlpine
2016). Trees absorb solar radiation while deforested areas
reflect more of the radiation back into the atmosphere (Berbet
and Costa 2003). This reflected radiation decreases latent heat
on the ground surface which reduces water vapour and cools the
atmosphere, resulting in less cloud formation and precipitation
(Berbet and Costa 2003). Thus, deforested landscapes generate
warmer, drier weather at local and regional scales, as seen across
the area delimited by the 750-km rabbit fence of Western
Australia (Ray et al. 2003). Land clearing on the western side of
the fence has likely contributed to the ongoing reduction in
rainfall in south-west Western Australia (Pitman et al. 2004).
These changes to the regional climate are likely to be
exacerbated by global climate change, which is partly fuelled
by carbon emissions released from vegetation and soils upon
clearing. An estimated 35.8 million tonnes of carbon dioxide
were released by land clearing in Queensland during 2013/14
alone – approximately one-quarter of the State’s annual greenhouse gas emissions (State of Queensland 2015; Commonwealth of Australia 2016). The agricultural sector is expected
to be especially vulnerable to climate change due to an anticipated increase in the frequency of especially hot years and
longer, more frequent droughts (Hennessy et al. 2008). Land
management by the way of avoided loss of vegetation is an
effective strategy to both mitigate climate change and adapt to it
(Eady et al. 2009; Martin and Watson 2016).
Threatened species and ecosystems
Maintaining substantial areas of native vegetation is essential for
the persistence of terrestrial biodiversity (Pimm and Raven 2000;
Radford et al. 2005), yet large intact ecosystems are increasingly
rare (Watson et al. 2016). Extensive tracts of vegetation are
important for facilitating species dispersal (Soulé et al. 2004), and
for species that must track resources that shift seasonally or
interannually, such as the honeyeaters and granivores of
Queensland’s woodlands (Woinarski et al. 1992). Retaining
intact ecosystems is the best climate change adaptation strategy in
many cases (Martin and Watson 2016); for example, retaining
extensive tracts of vegetation is the best option for enabling
species to adjust their ranges to track their suitable habitat (Travis
et al. 2013). The loss and fragmentation of habitat resulting from
land clearing interacts with other threats such as invasive species,
pathogens and altered fire regimes (Doherty et al. 2015). The
interactions between these threats can be synergistic, with
amplifying feedbacks that greatly accelerate species declines
(Brook et al. 2008). For example, loss of native vegetation
increases the impact of invasive predators such as cats and foxes
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Fig. 3. Percentage area of woody vegetation for each of Queensland’s bioregions. Bar charts from left to
right: (a) (dark green) reconstructed preclearing Regional Ecosystems dominated by woody vegetation. For
example, WET, EIU and SEQ were almost 100% covered in woody vegetation before clearing began, but
MGD and CHC mainly consisted of grass-dominated Regional Ecosystems, (b) (Light green) remnant
Regional Ecosystems remaining in 1999 dominated by woody vegetation (a subset of (a)), (c) (orange)
woody vegetation (including remnant, disturbed and regrowth) cleared between 1999 and 2016, and
(d) (yellow) woody vegetation cleared for pasture between 1999 and 2016 (a subset of (c)). The top bar
marks the 100% level. See Text S1 and Fig. S1 (available as supplementary material to this paper) for details
of the methodology. Bioregions are: BRB, Brigalow Belt; CYP, Cape York Peninsula; CQC, Central
Queensland Coast; CHC, Channel Country; DEU, Desert Uplands; EIU, Einasleigh Uplands; GUP, Gulf
Plains; MGD, Mitchell Grass Downs; MUL, Mulga Lands; NET, New England Tableland; NWH, Northwest Highlands; SEQ, South Eastern Queensland; WET, Wet Tropics.

by removing protection for native fauna (Doherty et al. 2015;
McGregor et al. 2015). Vegetation clearing facilitates invasion of
introduced grasses (Gilbert and Levine 2013), leading to ecosystem transformation and resulting in substantial biodiversity
loss (Cook and Grice 2013). Vegetation clearing has exacerbated

the overabundance of noisy miners (Manorina melanocephala),
resulting in substantial decreases in richness and abundance of
woodland birds in the IBRA bioregions in Queensland: Gulf
Plains, Einasleigh Uplands, Brigalow Belt South and South
Eastern Queensland (Thomson et al. 2015).
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Table 2. Terrestrial fauna in Queensland listed as endangered under the Nature Conservation Act 1992 (Queensland) where loss of habitat containing
woody vegetation is a key threatening process
Excludes extinct animals, sea or shore birds, amphibians, marine mammals, and fish. All but four species are also listed under the Environment Protection and
Biodiversity Act 1999 (EPBC Act). CE, critically endangered; EN, endangered; VU, vulnerable
Subgroup

Scientific name

Common name

EPBC Act status

Location

Bird
Bird
Bird

Amytornis barbatus barbatus
Anthochaera phrygia
Casuarius casuarius johnsonii
(southern population)
Epthianura crocea macgregori
Erythrotriorchis radiatus
Erythrura gouldiae
Lathamus discolor
Neochmia ruficauda ruficauda
Pezoporus occidentalis
Poephila cincta cincta
Adclarkia dawsonensis
Adclarkia dulacca
Argyreus hyperbius inconstans
Hypochrysops piceata
Bettongia tropica
Dasyurus maculatus gracilis
Hipposideros semoni
Lasiorhinus krefftii
Onychogalea fraenata
Petaurus gracilis
Petrogale persephone
Rhinolophus philippinensis
Saccolaimus saccolaimus nudicluniatus
Anomalopus mackayi
Hemiaspis damelii
Lerista allanae
Nangura spinosa
Phyllurus kabikabi
Tympanocryptis condaminensis

Grey grasswren (bulloo)
Regent honeyeater
Southern cassowary
(southern population)
Yellow chat (Dawson)
Red goshawk
Gouldian finch
Swift parrot
Star finch (eastern subspecies)
Night parrot
Black-throated finch (southern subspecies)
Boggomoss snail
Dulacca woodland snail
Australian fritillary butterfly
Bulloak jewel butterfly
Northern bettong
Spotted-tailed quoll (northern subspecies)
Semon’s leaf-nosed bat
Northern hairy-nosed wombat
Bridled nailtail wallaby
Mahogany glider
Proserpine rock-wallaby
Greater large-eared horseshoe bat
Bare-rumped sheathtail bat
Long-legged worm-skink
Grey snake
Allan’s lerista
Nangur skink
Oakview leaf-tailed gecko
Condamine earless dragon

EN
CE
EN

SW Qld
SE Qld, Brigalow Belt
Wet Tropics, Cape York

CE
VU
EN
EN
EN
EN
EN
CE
EN
Not listed
Not listed
EN
EN
VU
EN
EN
EN
EN
VU
CE
VU
Not listed
EN
CE
Not listed
EN

Central Qld
Wet tropics, Cape York
North Qld
Migratory to south Qld
Inland Qld
Inland Qld
Central and north Qld
Central Qld
Central Qld
SE Qld
Brigalow Belt
Wet Tropics
Wet Tropics
Wet Tropics, Cape York
Brigalow Belt
Brigalow Belt
Wet Tropics
Central coast Qld
Wet Tropics, Cape York
Wet Tropics, Cape York
SE Qld
Brigalow Belt
Brigalow Belt
SE Qld
SE Qld
Brigalow Belt

Bird
Bird
Bird
Bird
Bird
Bird
Bird
Invertebrate
Invertebrate
Invertebrate
Invertebrate
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Reptile
Reptile
Reptile
Reptile
Reptile
Reptile

Threatened terrestrial fauna
Out of a total of 121 terrestrial fauna species listed as
vulnerable or endangered in Queensland that use forest or
woodland as part of their habitat, vegetation clearance is cited
as a key threatening process for 97 (80%) under Queensland and
Australian threatened species legislation (Table 2, Table S3)
(DEE 2016; DEHP 2016). Habitat loss is also implicated in the
demise of half of the 10 extinct fauna species in Queensland
(DEE 2016).
Retention of old-growth remnant vegetation is particularly
important for terrestrial fauna because it can take centuries for
features such as tree hollows and coarse woody debris such as
fallen trees to develop (Remm and Lohmus 2011). Increased
competition for tree hollows following land clearing is implicated in the decline of several birds including the eclectus parrot
(Eclectus roratus), the Macleay’s fig-parrot (Cyclopsitta
diophthalma macleayana), the Major Mitchell’s cockatoo
(Lophochroa leadbeateri), and the swift parrot (Lathamus
discolor) (DEE 2016). Many reptile species rely on leaf litter
and woody debris for suitable habitat (Woldendorp and Keenan
2005). However, where remnant vegetation has been almost
entirely removed, such as in the Brigalow Belt, regrowth
vegetation is also crucial for species survival, particularly

regrowth older than 20–30 years (Bowen et al. 2009; Bruton
et al. 2013).
Threatened terrestrial flora
Plant species threatened by land clearing are those confined to
small remnants of native vegetation that are unable to survive in
the modified habitat created after clearing. Although Queensland
has more than 200 plant species listed as endangered under
State and/or Federal legislation, the only bioregion where large
numbers of threatened species coincide with ongoing land
clearing is the Brigalow Belt, which accounts for one-quarter
of endangered plant species. Most of these have been muchdiminished in range and abundance through past habitat loss. At
least 12 occur on fertile soils and are threatened by ongoing
habitat loss due to land clearing (Table 3), including four
endangered Solanum species. Most Solanum populations are
on roadsides heavily infested by exotic grasses, and the remaining populations in brigalow (Acacia harpophylla) remnants on
private property are essential to the long-term survival of these
highly threatened species. For many threatened species, there is
little information on their total population numbers or trends,
and the lack of comprehensive surveys mean that unknown
populations continue to be affected by clearing.
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Table 3. Terrestrial flora listed as endangered under the Nature Conservation Act 1992 (Queensland) that are threatened by ongoing land clearing in
the Brigalow Belt bioregion
All have suffered extensive habitat loss in the past for agriculture and now persist in small, fragmented populations, but only current/ongoing threats are shown.
Phebalium distans (CR), Xerothamnella herbacea (EN), and Homopholis belsonii (VU) are also listed under the EPBC Act. Lifeforms: PG, perennial grass;
AH, annual herb; PH, perennial herb
Species

Family

Habitat summary

Life-form

Callicarpa thozetii

Lamiaceae

Shrub

Capparis
humistrata

Capparaceae

Homopholis
belsonii
Phebalium distans

Poaceae

Tall eucalypt woodland and vine
forest in valleys and steep slopes.
Shrubby woodland; also in
pasture and non-remnant
woodland.
Dry woodlands, including
brigalow and belah.
Semi-evergreen vine thicket on
red volcanic soils.

Rutaceae

Ptilotus
brachyanthus

Amaranthaceae

Ptilotus
extenuatus
Solanum
adenophorum

Amaranthaceae
Solanaceae

Solanum
dissectum

Solanaceae

Solanum
elachophllym

Solanaceae

Solanum
johnsonianum

Solanaceae

Xerothamnella
herbacea
Zieria inexpectata

Acanthaceae
Rutaceae

Sandy loams in mixed open
woodland, with buffel grass
understorey.
Grassland on silty clay loam soils,
sometimes in brigalow mosaic.
Brigalow and gidgee woodland
(remnant and regrowth) on deep
cracking clay soils.
Open forests to woodlands
dominated by brigalow
sometimes with belah on heavy
clay soils.
Remnant and regrowth brigalow;
less commonly eucalypt
woodland.
Open forests to woodlands
dominated by brigalow sometimes with belah on heavy clay
soils.
Brigalow forests, often associated
with shady gilgais.
Eucalypt woodland in sandy soil
derived from duricrust.

The South Eastern Queensland and Wet Tropics bioregions
were extensively cleared in the past (Fig. 4), and have high
numbers of threatened plant species. The largely intact Cape
York Peninsula also has many listed species due to high levels of
narrow-ranged endemism (Australian Government 2012). These
three bioregions together accounted for ,10% of land clearing in
Queensland in 2014/15, although the northern bioregions, particularly Cape York Peninsula, could be threatened by future
clearing (Australian Government 2015). On the other hand, the
Mulga Lands accounts for 22% of total clearing but none of its
eight endangered species are threatened by land clearing (Silcock
et al. 2014). Past clearing has resulted in high proportions of
Regional Ecosystems becoming endangered in the Wet Tropics,
New England Tableland, Central Queensland Coast, South Eastern Queensland, and Brigalow Belt bioregions (Fig. 4).

Shrub

No. of
populations
(estimate)
4 (??)
10 (.500)

Current threats and notes

Ongoing habitat loss.
Ongoing habitat loss; weeds (buffel grass);
changed fire regimes.

PG

,30 (.1000)

Tree

10 (1000)

AH

3 (350)

AH

3 (??)

PH

8 (,500)

PH

5 (.3000)

PH

25 (.5000)

PH

16 (.10000) Weed invasion (buffel, green panic); ongoing
habitat loss (clearing).

PH

20 (.2000)

Shrub

6 (,1000)

Ongoing habitat loss (agriculture and mining);
weed invasion.
Land clearing for agriculture or urban
development – grows on highly fertile, heavily
cleared soils (Forster 2003).
Weed invasion (buffel grass); ongoing habitat
loss. Rare, cryptic and ephemeral species
(Silcock et al. 2014).
Weed invasion; ongoing habitat loss. Last
collected in 1996; surveys required.
Weed invasion (buffel, green panic); cryptic and
element of temporal rarity, but probably most
threatened Brigalow Belt solanum.
Weed invasion (buffel, green panic); ongoing
habitat loss (clearing). Most secure population is
on private property remnant – if this is cleared, it
would be disastrous for long-term prospects of
species.
Weed invasion (buffel, green panic); ongoing
habitat loss (clearing).

Weeds; ongoing habitat loss.
Ongoing habitat loss and fragmentation (bush
blocks, forestry). Insufficient data to determine
population trends.

Freshwater species and ecosystems
Intact riparian vegetation is the main factor that influences the
water quality and ecosystem health of Queensland’s rivers
(Bunn et al. 1999). Land clearing impacts freshwater systems by
increasing light, nutrients, sediment load, and water temperatures (reviewed in Allan 2004). Most of the sediment (.90%)
entering water storages and coastal environments in Queensland’s major coastal catchments originated from erosion of
stream banks and gullies (Bartley et al. 2014), primarily caused
by degradation of riparian areas from land clearing and livestock
grazing. The increased sediment load can result in scouring and
abrasion, impaired substrate suitability for periphyton (algae
and detritus attached to submerged surfaces), decreased primary
productivity, decreased food quality, infilling of interstitial
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Fig. 4. Percentage of the total number of remnant Regional Ecosystems (REs) in each bioregion in
Queensland according to their conservation status (Source: https://data.qld.gov.au/dataset/soe2015extent-of-endangered-of-concern-and-no-concern-at-present-regional-ecosystems/resource/indicator-11-0-4-1). Purple shows ‘endangered’ REs (,10% remaining), yellow shows ‘of concern’ (10–30%
remaining), and blue shows ‘not of concern’ REs (.30% remaining). For example, the Brigalow Belt
(BRB) contained 353 REs, of which 20% are endangered, 38% are of concern and 42% are not of concern.
Bioregions are: BRB, Brigalow Belt; CYP, Cape York Peninsula; CQC, Central Queensland Coast; CHC,
Channel Country; DEU, Desert Uplands; EIU, Einasleigh Uplands; GUP, Gulf Plains; MGD, Mitchell
Grass Downs; MUL, Mulga Lands; NET, New England Tableland; NWH, North-west Highlands; SEQ,
South Eastern Queensland; WET, Wet Tropics.

habitat, and reduced stream depth heterogeneity (Allan 2004). It
can also decrease the reproductive success of fish (Burkhead and
Jelks 2001). Streams draining from cleared agricultural lands
generally have poorer habitat quality and bank stability, and
contain fewer species of invertebrates and fish. The early wetseason floods flush high concentrations of contaminants that

have accumulated during the dry season into freshwater systems, impacting function through acute exposure (Davis et al.
2016). Small freshwater systems are particularly vulnerable to
water-quality issues such as ammonia toxicity and hypoxia
caused by nutrient runoff (Davis et al. 2016). This, in combination with other impacts of clearing such as reduced canopy
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cover and increased weeds, such as para grass (Urochloa
mutica), has a severe impact on freshwater ecosystem function
and river health (Bunn et al. 1998, 1999).
Several of Queensland’s threatened freshwater species
depend on protecting riparian vegetation, such as the Mary
River turtle (Elusor macrurus), the giant barred-frog (Mixophyes iteratus), the cascade treefrog (Litoria pearsoniana), the
Mary River cod (Maccullochella peelii mariensis), the Oxleyan
pygmy perch (Nannoperca oxleyana), the Australian lungfish
(Neoceratodus forsteri), the tusked frog (Adelotus brevis), and
the giant spiny crayfish (Euastacus hystricosus).

half of the Regional Ecosystems on Cape York are ‘of concern’
(defined as 10–30% or less than 10 000 ha remaining: https://
www.qld.gov.au/environment/plants-animals/plants/ecosystems/
biodiversity-status/, accessed 7 May 2017) (Fig. 4). Yet lifting of
the 2006 ban on broad-scale clearing for high-value agriculture in
2013, combined with the $5 billion Northern Australia Infrastructure Facility Act 2016, have enabled broad-scale land
clearing in these regions, despite their marginal agricultural value
(Russell-Smith et al. 2015). These recent clearings highlights the
inadequacy of the current legal framework to protect areas of
outstanding natural heritage.

Marine ecosystems and the Great Barrier Reef
Over 90% of the sediment entering coastal environments in
several of Queensland’s major coastal catchments originated
from erosion of stream banks and gullies (Bartley et al. 2014),
caused mainly by degradation of riparian lands and catchmentwide increases in runoff resulting from land clearing
(Siriwardena et al. 2006). Sediment runoff into both Moreton
Bay and the Great Barrier Reef has increased several-fold since
historical vegetation clearing in their catchments (Kroon et al.
2012), and continues to threaten these systems through recent
and ongoing vegetation clearing (DSITI 2016).
Deterioration of water quality in Moreton Bay and the Great
Barrier Reef lagoon resulting from loss of catchment vegetation
cover impacts a wide range of ecosystems. Both chronic and
acute influxes of sediment into the marine environment can alter
seagrass and coral reef communities and reduce coral cover
(Fabricius 2005; Wenger et al. 2016). Sediment destabilises
coral communities in two ways. Increased fine sediment loads
in suspension increase turbidity and reduce light penetration
(Fabricius et al. 2014), which decreases the photosynthetic
abilities of corals (Fabricius 2005) and seagrass (Walker and
McComb 1992). Suspended sediment can bind to coral egg
bundles and limit successful fertilisation (Ricardo et al. 2016).
Sedimentation onto coral reefs can also smother corals, increasing their energetic demands through mucous production to
remove sediment, and can result in mortality of small benthic
organisms (Fabricius and Wolanski 2000).
Sediments delivered to the marine environment can also
increase nutrient levels, leading to increased susceptibility to
bleaching (Wiedenmann et al. 2013) and prevalence in coral
disease, which undermines the protection afforded by marine
reserves (Lamb et al. 2016). This highlights the importance of
enacting measures that increase the resilience of the Great
Barrier Reef, such as improving water quality.

Options for policy reform

Northern Australia’s intact ecosystems
The Gulf Plains and Cape York Peninsula bioregions of Far
North Queensland have had limited agricultural or urban
development, and as a result support globally significant intact
ecosystems. Cape York Peninsula has been nominated for
World Heritage status on the basis of outstanding cultural and
natural values, including many restricted and endemic species
(Australian Government 2012). For example, threatened species
such as the buff-breasted buttonquail (Turnix olivii) and the red
goshawk (Erythrotriorchis radiatus) require the large intact
woodland areas on Cape York Peninsula. Furthermore, almost

If land clearing in Queensland is to be controlled over the long
term, better policies are needed to reduce the rate of vegetation
loss to a more sustainable level. Regulation is an essential
component of an effective policy mix, alongside long-term
incentives, education, and self-regulation for low-risk activities
(Gunningham and Sinclair 1999; Evans 2016). Achieving
environmental goals in a way that is equitable, efficient, and
socially and politically feasible will remain an ongoing policy
challenge, but is essential for effective long-term outcomes
(Dovers and Hussey 2013).
Re-establishing regulatory controls on remnant and highvalue regrowth vegetation clearing, tightening provisions on
self-assessable codes, and the reinstatement of monitoring and
compliance activities are high priorities for reducing the current
alarming rate of land clearing. However, it should be noted that
while strong regulation likely decreased the rate of clearing in
Queensland during the years 2004–13, there was still an overall
decline in native vegetation during this time. The VMA,
working alongside Queensland’s environmental offsets scheme
(Queensland Government 2014b), implicitly enables incremental clearing to continue indefinitely (Maron et al. 2015). An
alternative approach is a ‘target-based’ regulation that would set
a cap on overall land clearing, alongside regional retention
targets for each vegetation type. Such a regime could operate
alongside tradeable clearing rights. The use of explicit targets
allows for an open and concrete representation of objectives
(Carwardine et al. 2009) and currently operates for land clearing
regulation in Brazil (Soares-Filho et al. 2014) and the Cape
Floristic Region of South Africa (Brownlie and Botha 2009)
(albeit with variable outcomes, due to loopholes and exemptions: e.g. Soares-Filho et al. 2014).
Regulation can be balanced with incentives that provide
economic opportunities for land holders. Land clearing in
Queensland predominantly occurs on private land to create
pasture (Evans 2016). Under an effective carbon pricing
scheme, there are opportunities for land holders to gain income
by surrendering any residual valid right to clear vegetation (for
example, young regrowth) in exchange for carbon offset payments, potentially resulting in greater economic and environmental outcomes (Evans et al. 2015). Other options include
payments for ecosystem services, where incentives are offered
to manage native vegetation to improve biodiversity values
(Binning and Young 2000). Queensland has the lowest percentage of land within protected areas of any Australian State or
Territory (DEE 2014); thus, retaining and managing native
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vegetation for biodiversity on privately managed land is particularly important. The Brigalow Belt and Mulga Lands bioregions, both of which have less than 5% of land in protected areas,
had the greatest woody vegetation clearing rates in Queensland
in 2012–14 (DSITI 2016).
Implications for existing investments
Australia is bound to national and international commitments to
protect biodiversity and reduce greenhouse gas emissions.
However, the lack of consistency between Queensland and
Federal laws grossly undermines these commitments, and highlights the regulatory dissonance in Australia’s environmental
policy agenda. For example, since 2014, the Federal Government
has spent over $130 million on projects promoting threatened
species recovery, yet these investments are effectively nullified
by loss of critical habitat through land clearing (Table S1).
Likewise, many more trees are lost through Queensland’s land
clearing than are planted nationally by the Federal Government
revegetation programs. Restoring cleared land, while important,
is expensive and a less effective conservation measure than
avoiding vegetation loss, and can fail to restore ecological values
(Kanowski 2010; Suding 2011). Continued land clearing in
Queensland will also undermine the recent State and Federal
Government investments in improving water quality in the Great
Barrier Reef, and will increase the cost of counteracting water
quality decline, already estimated at $5–10 billion over 10 years
(Brodie and Pearson 2016) (Table S1). Land clearing contributed
,8% to Australia’s greenhouse gas emissions in 2013, and these
were projected to rise from 47 Mt CO2-e year1 (generated) to 53
Mt CO2-e year1 by 2020 due to changes in land clearing regulations (DIICCSRTE 2013). Increased emissions from
increased land clearing make it far more difficult for Australia to
meet its targets under the Paris Agreement (UNFCCC 2015).
Conclusion
Queensland’s ongoing land clearing, and lack of effective policy
and regulation, are of major national and international concern.
Areas of Queensland with the highest historical clearing rate
have the highest ongoing clearing rates, with substantial impacts
to already threatened vegetation communities and species.
Intact areas with high biodiversity values are now also at risk of
being cleared, with Federal Government support. Poorly regulated and escalating rates of clearing are contributing to sedimentation and accelerating climate change, which are
threatening the already imperilled Great Barrier Reef. Policy
reform to stem land clearing is urgently required, but requires
effective policy and political will.
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