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Executive summary 
 
 

Biodiversity is threatened globally by a range of anthropogenic impacts on the extent, connectedness and 
intactness of habitats required for species persistence. The emergence and expansion of energy industries, 
such as Coal Seam Gas, into many farming regions, will compound existing threats to biodiversity in a 
region, and also bring new ones. This is particularly so in multiple-use regions where new threats can have 
synergistic and cumulative effects on the biodiversity. Multiple-use regions are often heavily cleared and 
fragmented making it impractical to create new, large and connected protected areas. Therefore 
alternative approaches are required for improving the long-term persistence of biodiversity through 
managing threats across tenure boundaries. Most important biodiversity regions in Australia and 
throughout the world lack a prioritised set of threat management actions to assist decision makers in 
allocating scarce resources to conserving biodiversity. The few examples that do exist are focused on 
relatively ecologically intact regions, such as the Kimberley in Western Australia. The purpose of this review 
is:  1) to identify the major threats to biodiversity in the region arising from multiple past, present and 
future land uses, including Coal Seam Gas and 2) to identify and prioritise a cost-effective set of 
management actions to address these threats. 

The Brigalow Belt region in Queensland is one of the most ecologically transformed areas in Australia. It 
holds great importance in terms of its biodiversity, with 147 threatened species and 100 communities listed 
as threatened. The Brigalow Belt region has been subjected to historical broad scale clearing of native 
vegetation since mid 1800s for different uses: pastoral, agricultural, urbanisation, and more recently mining 
activities, which are expected to expand in the coming decades. While current conservation efforts in the 
region are important, they are expected to be insufficient to maintain biodiversity values in the face of 
these increasing threats. Some useful datasets exist to assist with decision analysis, however a complete set 
of empirical data for making informed decisions for this region are unavailable. This currently challenges 
decision-making in the region. 

New systematic and more efficient and effective approaches to conservation priority setting have been 
developed in recent years. Decision science has become the basis of novel strategies and frameworks used 
to prioritise species, locations and more recently, actions in which to invest to improve long term 
persistence of biodiversity in a region. The approach requires the following basic principles of decision 
science: (i) a clear objective; (ii) a well-defined set of actions from which a subset will be chosen as 
priorities; (iii) a model of system behaviour to relate actions to their contributions toward meeting the 
objectives; (iv) the consideration of resource constraints. Structured Decision-Making – the application of 
decision science – uses tools such as expert elicitation and cost-effectiveness analyses to collect and 
evaluate information to advise on the most efficient use of resources. 

Cost-effectiveness analyses enable comparisons of a range of management actions that will improve the 
persistence of biodiversity. This requires first knowing the status of biodiversity and its specific threats in an 
area. Second, identifying the major threats and potential management actions is needed. Third, prioritising 
those actions based on their cost-effectiveness in mitigating the threats. These can be done using a species 
or an ecosystem approach or a combination of both, depending on the conservation objective, threats and 
available resources. 

This project will provide an analysis of threat management priorities for improving the persistence of 
biodiversity in the Brigalow Belt region of Queensland. It will involve the collation of the best available 
scientific information with expert knowledge to identify the most important threats to biodiversity in the 
region and the actions to abate them. Actions will be parameterised with costs, likely benefits and 
feasibility estimates, allowing their ecological cost-effectiveness to be ranked. The project will provide, for 
the first time, a region-wide analysis of alternative actions for managing threats to the Brigalow region 
biodiversity, which is a critical input for rational and defensible decision-making. 
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1 Background information 
 
 

1.1 The decline in biodiversity 

The world’s ecological systems are in peril. Human activity during that past 50 years has led to unprecedented 
rates of decline in biodiversity (Butchart et al., 2010; Millennium Ecosystem Assessment, 2005) exceeding 
background rates of extinction by 100 to 10,000 times (He and Hubbell, 2011; Hoffmann et al., 2010; Pimm, 
2000; Pimm et al., 1995). Human development has transformed between 20 and 70 percent of the area of 
the world’s major biomes (Millennium Ecosystem Assessment, 2005; Rodríguez et al., 2011). Declines are 
occurring both within and outside of protected areas (Woinarski et al., 2011). Leading threats to biodiversity 
include the loss and fragmentation of native habitat as a result of agricultural expansion and urban and 
industrial development, invasion by exotic species, over-harvesting, over-grazing, altered fire regimes, water 
pollution, disease and industrial development (Burgman and Lindenmayer, 1998; Ehrlich and Ehrlich, 1981; 
McDonald et al., 2009; Northrup and Wittemyer, 2013; Tilman et al., 1994). Climate change presents an 
additional threat, which has the potential to exacerbate further the impacts of current threats (Miles et al., 
2004; Parmesan, 2006; Williams et al., 2003). 

 
 

 

1.2 Conserving biodiversity in multiple-use regions 

The high rates of biodiversity loss experienced in the last few decades (Gaston et al., 2003; Groombridge, 
1992; Thomas et al., 2004b) are expected to continue under current management trajectories (Brooks et 
al., 1997; Sala et al., 2000; Thomas et al., 2004a), and expected agricultural and industrial development 
(Güneralp, 2013; McKinney, 2002; Pauchard et al., 2006). Increasing numbers of regions are now multiple- 
use with highly fragmented native ecosystems. Habitat loss, species invasions and climate change are 
contributing to the emergence of ecosystems that exist without historical precedents (Hobbs et al., 2009; 
Hobbs et al., 2013). However, the biodiversity values of many modified and novel landscapes are still high 
(Hobbs et al., 2013; Jongman and Pungetti, 2004). The standard conservation policy response - protection 
of intact landscapes (McIntyre and Hobbs, 1999) as large individual conservation reserves - will be difficult 
if not impossible to achieve in these modified landscapes. For many species, particularly migratory and 
wide-ranging fauna, strict protection via reserves will be insufficient to ensure their conservation in the 
long-term (Stokes et al., 2010; Waltert et al., 2011). With less than 10% of terrestrial land and currently less 
than 1% of marine ecosystems under protection, and with increasing demands on land and sea for other 
uses, conservation will require changed land management across multiple tenures. 

 
 

Conservation management outside protected areas includes managing the matrix, with appropriate 
management of areas including the appropriate management of areas where populations are most likely to 
persist in the long term (Cabeza and Moilanen, 2001; Margules and Pressey, 2000); the restoration of 
places that have already been substantially modified by anthropogenic activity (Moilanen et al., 2005); 
managing novel ecosystems and critical habitats such as breeding grounds and feeding grounds (Hall et al., 
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1997; Murphy and Noon, 1991); as well as areas where given species habitats are common, of high quality 
and close together (Hanski, 1998; Hanski and Ovaskainen, 2000). Regardless of land tenure, management of 
threats should be prioritised in locations that are likely to result in the greatest improvements for 
biodiversity persistence per unit cost (Carwardine et al., 2012; Carwardine et al., 2011; Firn et al., 2013). 

 
 

A number of strategies are used to implement management of the matrix outside protected areas, 
including stewardship programs, private land agreements, incentive schemes, offset schemes and the 
regulation of development activities (Mackey et al., 2007; Woinarski et al., 2007; Young and Gunningham, 
1996; Young et al., 1996). For example, ‘the conservation landscape’ concept (Sanderson et al., 2002) 
assumes that the existence of effective protected areas needs to be complemented by buffer zones in 
which land uses are actively managed to be “friendly to biodiversity”, protecting critical habitat for 
different species (Gardner et al., 2007) and also contributing to the long term conservation value of the 
core protected areas (DeFries et al., 2007; Margules and Pressey, 2000). Land sharing strategies (Phalan et 
al., 2011) aim to maximise the benefits for biodiversity and agriculture. These include integrating 
biodiversity conservation and agricultural production through wildlife-friendly farming (Fischer et al., 2008; 
Green et al., 2005) or land sparing. Land for conservation, segregated from crops in order to minimise the 
encroachment by increasing yield production in already converted land is another strategy (Balmford et al., 
2005; Green et al., 2005; Perfecto and Vandermeer, 2008). 

 
 

One of the most transformed areas in Australia is the Brigalow Belt bioregion. It has been affected by 
cumulative impacts of extensive historical broad scale clearing of native vegetation for agricultural 
development (McAlpine et al., 2002b; Seabrook et al., 2006), urbanisation (Catterall et al., 1988); logging of 
native hardwood forests (Maron et al., 2011) and most recently, large-scale coal, oil and gas development 
(Dwyer et al., 2009) and coal seam gas (CSG) in particular. Development associated with CSG results in 
further habitat loss and fragmentation of the landscape (Walker et al., 2007; Walston et al., 2009). With 
ever-increasing demands for energy, oil and gas, companies are continually searching for new resources 
(Pedroni et al., 2013). While this search and subsequent production of new energy are expected to have an 
impact on the biodiversity of the region (Walker et al., 2007; Walston et al., 2009), it also provides 
motivation, opportunity and potential resources to address long-standing threats. 

 
 

The challenge will be reconciling the potential conflicts of oil and gas development with the management of 
current threats. Increases in atmospheric greenhouse gas concentrations as a result of development and 
consumption increase the threat of rapid climate change. Further habitat loss and fragmentation and 
resulting weed incursions as a direct result of CSG development, compound current landscape degradation 
stemming from a long history of agricultural development. Resolving these conflicts is likely to be morally, 
philosophically and scientifically challenging. Only through an understanding of the threats and 
management actions to abate these threats will we be able to improve the persistence of biodiversity in a 
region under ever increasing levels of agricultural and industrial development (Northrup and Wittemyer, 
2013). 

 
 

 

1.3 Why do we need a project about priority threat identification, 
management and appraisal? 

Limited conservation resources coupled with high species decline and extinction rates over the past 50 
years (James et al., 1999; Vane-Wright et al., 1991) mean that it is typically not possible to manage all 
threats to biodiversity in all locations. This situation has stimulated the development and implementation 
of systematic and efficient approaches to conservation prioritisation (Moilanen et al., 2009; Pressey and 
Botrill, 2008). The most efficient use of resources often involves protecting biodiversity from specific 



 

threats. Usually there are differences in the costs, benefits and feasibility of actions that improve the 
persistence of the assets that we wish to protect, where some actions will represent better investments 
than others. These assets might be biodiversity values (for example, species and ecosystems) or sites of 
national and/or cultural significance. Conservation or threat management actions can be evaluated by 
predicting their importance, or their cost-effectiveness, for achieving pre-specified objectives, providing 
useful information for decision makers (Hajkowicz et al., 2008; Margules and Pressey, 2000; Possingham et 
al., 2006; Vane-Wright et al., 1991). The cost-effectiveness of each action in each location is determined by 
dividing the location specific expected benefits of each action by the expected costs in each location (Cullen 
et al., 2005; Levin and McEwan, 2001), providing a systematic and transparent approach for helping 
decision makers to choose between them (Carwardine et al., 2011; Firn et al., 2013). There are several ways 
to measure the benefits of actions, for example as the improvement in protected species habitat 
(Carwardine et al., 2008) or improvement in species persistence (Bottrill et al., 2008; Joseph et al., 2009) 
and the costs are usually financial management costs (Naidoo and Ricketts, 2006). 

 

Conservation decisions are often hampered in many important regions due to the lack of formal data on 
species distribution, ecological processes and likely responses to threats and management actions. New 
approaches on methods for undertaking conservation management appraisal and prioritization using the 
expert knowledge to complement scientific data have been used effectively to gather missing information 
(Burgman et al., 2011; Kuhnert et al., 2010; Martin et al., 2012a; Martin et al., 2005). In many cases it may 
be better to make decisions based on expert knowledge rather than delay decisions due to a lack of data, 
especially when conservation decisions are urgently needed to avoid declines (Joseph et al., 2009; Martin 
et al., 2012c; Possingham et al., 2002). An important characteristic of undertaking conservation 
management appraisal and prioritization using experts knowledge is that the approach is flexible and 
adaptable to situations with different amounts of data, because empirical data and expert knowledge can 
be combined (Martin et al., 2012a). Also these approaches can be updated when more information is 
obtained. 

 
Most important biodiversity regions in Australia and throughout the world lack a prioritised set of threat 
management actions to assist decision makers in allocating scarce resources to conserving biodiversity 
(Game et al., 2013). This is true of the Brigalow Belt in Australia, a multiple-use region with important 
biodiversity values that are facing increasing anthropogenic threats (Seabrook et al., 2006). While current 
conservation efforts in the region are important, they are expected to be insufficient to maintain 
biodiversity values in the face of these increasing threats. A project on threat identification, management 
and appraisal will combine the best available scientific information with expert knowledge to identify the 
most important threats to biodiversity in the region and the actions to abate them. The actions will then be 
parameterised with costs, likely benefits and feasibility estimates, allowing their ecological cost- 
effectiveness to be ranked (Carwardine et al., 2012). This will provide one layer of information to assist with 
decision-making on natural resource management, including for managing and off-setting threats in the 
region. A range of other information will also be required for decision making, including the cultural, social 
and economic values and preferences of people in the region and their interaction with biodiversity values, 
however the collection and processing of this information is outside the scope of this project. 

 

 
1.3.1   PERSISTENCE OF SPECIES AND ECOSYSTEMS 

In order to preserve biodiversity it is necessary to protect the natural processes that generate and maintain 
it. To ensure the persistence of the species, it is necessary to consider processes that generate and 
maintain the species, but also to address current and anticipate potential threats to those processes 
(Balmford, 1998). Extinction risk assessments can be useful in prioritization and management strategies for 
conservation by providing information on the likely losses of biodiversity under a given scenario (McCarthy 
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et al., 2008). The process of estimating extinction risk, or conversely persistence likelihood, of biodiversity 
has typically focused on single species. For example, the globally accepted IUCN Red List for Threatened 
Species (IUCN, 2001), framework that identifies the species at most risk of extinction (Baillie et al., 2004; 
Butchart et al., 2004). The Red List uses quantitative criteria for transparent, repeatable and objective risk 
assessment while providing an impressive database on species from all groups including threatened and 
non-threatened species; and it can be applied at very different scales (across countries, regions and 
taxonomic groups). Several scientific studies on threat management have used species persistence 
estimates made by experts in order to compare the relative benefits of alternative management scenarios 
(Carwardine et al., 2011; Joseph et al., 2009). An exclusive focus on species-based approaches as a 
representation of the current status of biodiversity is unlikely to represent the status of all components of 
biodiversity (Franklin, 1993) unless all the species in the area are known and there are sufficient resources 
to assess them all. Protecting species via a single-species approach can also be costly, time consuming and 
it can fail to capture interactions between species (Chadès et al., 2012). Therefore, biodiversity assessments 
that consider higher levels of biological organization are required (Noss, 1996). 

Ecosystems might represent biological diversity more effectively as a whole, rather than individual species 
(Cowling et al., 2004; Noss, 1996) because they include fundamental biotic and abiotic processes that are 
only indirectly considered in species assessments (Beechie et al., 2010). The provision of ecosystem services 
are also more likely to be driven and maintained by ecosystems than by individual species (Rodríguez et al., 
2011). Using ecosystems as the conservation unit for extinction risk assessments may address higher levels 
of biological organization and their underlying processes (Cowling et al., 2004; Noss, 1996; Rodríguez et al., 
2011). Those interactions or ‘ecological processes’ originate and maintain biodiversity. Ecosystem 
deterioration may also result in reductions in ecosystem services such as the loss of clean water, food, 
timber and fuel (Millennium Ecosystem Assessment, 2005). Ecosystem-level assessments may also be less 
time consuming than species-by-species assessments. Finally, this approach allows for the fact that 
ecosystems and vegetation communities themselves are often a valued conservation feature, as well as the 
species they contain. For example, the Australian National Reserve System (NRS) aims to include sufficient 
levels of each ecosystem within the protected area network to provide ecological viability and to maintain 
the integrity of populations, species and communities and including areas at a finer scale, to encompass the 
variability of habitat within ecosystems (CAPAD 2012). 
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2 Study region 
 
 

2.1 Geographic localization- Bowen and Surat Basins and Brigalow Belt 
bioregion 

The Brigalow Belt bioregion coincides with the Bowen and Surat geological basins, containing the hub of 
CSG development in Queensland (Figure 1). The largest coal reserve in Australia is the Bowen Basin. It is 

located in eastern Queensland and occupies about 160,000km2. The Bowen Basin was formed in the Early 
Permian to Middle Triassic. This Basin has large accumulations of hydrocarbon and large volumes of 
methane gas at shallow depths. The methane accumulation has the potential for coal seam gas (CSG) 
developments. The Bowen Basin overlaps the northern section of the Surat Basin, which is one of the major 
CSG reserves in Queensland, containing over 64% of the proven and probable (‘2P’) CSG reserves in 
Australia (Geoscience Australia, 2010). In 2010–2011 the Surat Basin contributed approximately 113PJ to 
Queensland's energy supply (Queensland Mines and Energy, 2012). The extent of the Surat Basin covers 
approximately 300 million hectares of central southern Queensland and central New South Wales (NSW): it 
is situated less than 200 km from the Pacific Coast and extends inland for 500 km to Mitchell. Its northern 
limit approaches Taroom, while the southern limit is near Coonamble Embayment, near Dubbo, NSW. 
Exploration of this region for coal started in the early 1900s (Elliott, 1989). 

 
 

Using geological basins for delimiting natural resource-industry projects is useful because there is a 
correlation between the age of the rock formation and the extracted resources. For example, the Surat 
Basin rocks were predominantly formed during the Jurassic period, when lakes, streams and coal swamp 
deposition formed hydrocarbon accumulations (John Williams Scientific Services Pty Ltd, 2012). Geology 
influences the distributional patterns of the biodiversity in an area; however it explains only part of the 
ecological processes affecting species persistence. These are better explained by bioregions. A bioregion is 
a relatively large land area that captures large-scale geophysical patterns. Bioregions are characterised by 
broad, landscape-scale features and environmental processes that influence the functions of entire 
landscapes and ecosystems, which can be linked to fauna and flora assemblages and their processes at the 
ecosystem scale. Therefore, when planning actions for conservation of the biodiversity using a bioregional 
approach is very useful. The Brigalow Belt bioregion coincides closely with the Bowen and Surat Basins in 
Queensland. This combined region extends from North Queensland, near Townsville, to the south of Dubbo 
in central –western New South Wales (Figure 1). The bioregion is split into the Brigalow Belt North (BBN) 
and Brigalow Belt South (BBS) based primarily on the climate. . The Brigalow Belt North bioregion has a 
semiarid to tropical climate with predominantly summer rainfall while the Brigalow Belt South bioregion has 
a hot to warm subtropical climate with summer-dominant rainfall. The Queensland part of the BBS has 
experienced one of the most rapid landscape transformation ever documented (Fensham and Fairfax, 
2003; McAlpine et al., 2002c; Queensland Department of Natural Resources, 2005). 
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Figure 1 Study region 
 
 
 
 
 
 

 

2.2 Biodiversity of the region 

The Brigalow Belt bioregion is named after the dominant tree species in this region, the brigalow tree 
(Acacia harpophylla). In the south and west part of this bioregion Brigalow forests were the dominant 
vegetation type. Other important vegetation types in this region are alluvial open eucalypt woodlands (with 
poplar box (Eucalyptus populnea); coolabah (E. microtheca) and some Queensland bluegrass grassland 
(Dicanthium sericeum) (Queensland Herbarium, 2004). In the sandy ridges and plains the predominant 
species are cypress pine (Callitris spp.), bulloak (Allocasuarina luehmannii) and silver-leaved ironbark (E. 
melanophloia). In the north and east of the region, vegetation is mainly dry eucalypt woodland comprising 
ironbarks (E. crebra and allied species) and spotted gum (Corymbia citriodora) occurring on skeletal soils 
(Seabrook et al., 2006). 

The extent of mature brigalow ecosystems in Queensland alone has been reduced from 7.5 M ha to around 
600,000 ha since European settlement (Accad, 2001) and the remaining areas are mainly isolated, small, 
linear fragments (Dwyer et al., 2009). The clay soils supporting brigalow communities are relatively fertile, 
which has contributed to extensive clearing for agricultural and pastoral activities (Johnson, 1976, 1997; 
Scanlan, 1991). As a result, mature brigalow ecosystems are among the most threatened in Queensland 
(Johnson, 1997; Johnson and McDonald, 2005). The remnant brigalow forests are now protected as 
endangered ecological communities (Ngugi et al., 2011) under Australia's Environment Protection and 
Biodiversity Conservation Act 1999 (EPBC Act, 1999), and as endangered regional ecosystems under the 



Priority threat identification, management and appraisal: Literature review | 11  

Queensland Vegetation Management Act 1999 (QLD VM Act, 1999). Early in 2009, the Queensland 
government imposed a moratorium on the clearing of endangered secondary vegetation, including 
brigalow. This moratorium was lifted in October 2009 and replaced by the Vegetation Management 
(Regrowth Clearing Moratorium) Act, which has modest restrictions on the clearing of endangered 
ecosystems (Valbuena et al., 2010). 

To control vegetation clearance, remnant vegetation communities in Queensland were classified into 
bioregional ecosystems (Sattler and Williams, 1999) and each of them was allocated a biodiversity status 
based on the relative amount of area covered by remnant native vegetation. There are 172 regional 
ecosystems described for the Brigalow Belt bioregion (please refer to 
http://www.ehp.qld.gov.au/ecosystems/biodiversity/regional-ecosystems/index.php). From those, 40 are 
classified as “endangered” by the Vegetation Management Regulation 2000. The Vegetation Management 
Regulations considers an endangered ecosystem as one in which the area of remnant vegetation for the 
regional ecosystem is less than 10% of the pre-clearing extent of the regional ecosystem. Regional 
ecosystems classified as “of concern” are those with the area of remnant vegetation between 10% to 30% 
of the pre-clearing extent of the regional ecosystem and less than 10 000 hectares. Finally regional 
ecosystems of “least concern” are those where the total area of remaining remnant vegetation is greater 
than 10 000 ha and greater than 30% of its pre-clearing extent. Sixty-two ecosystems in the BBS are “of 
concern”. The 72 remaining regional ecosystems are considered “least concern”. 

 
 

The region is recognised by the Australian Government as a biodiversity hotspot and it contains some of the 
most threatened wildlife in the world, including populations of the endangered bridled nail-tail wallaby and 
the only remaining wild population of the endangered northern hairy-nosed wombat. The area also 
contains important habitat for rare and threatened species including the glossy black-cockatoo and the 
brigalow scaly-foot gecko and the golden tailed gecko. There are 1885 known vertebrate and 5762 known 
plant species in the region. Of these, some 151 are threatened in different categories, and ten species are 
already extinct (Table 1). 

 

 
Table 1 Endangered species, including sub-species, in the Brigalow Belt bioregion in Queensland 

 

TOTAL SPECIES EXTINCT CRITICALLY ENDANGERED ENDANGERED VULNERABLE 

Amphibians 72 1 0 4 1 

Birds 773 1 0 11 5 

Fish 608 0 0 0 2 

Mammals 152 7 2 10 12 

Reptiles 280 0 0 11 8 

Plants 5762 1 1 25 69 

[http://www.environment.gov.au/system/files/resources/a8015c25-4aa2-4833-ad9c-e98d09e2ab52/files/bioregion-brigalow-belt-north.pdf 
http://www.environment.gov.au/system/files/resources/a8015c25-4aa2-4833-ad9c-e98d09e2ab52/files/bioregion-brigalow-belt-south.pdf 

www.ala.org.au] 
 
 

 

2.3 Main threats in the region 

Being one of the most extensively cleared regions in Australia (McAlpine et al., 2002a), the Brigalow Belt 
bioregion’s remnant native vegetation is highly fragmented and disturbed with only less than 10% of the 

http://www.ehp.qld.gov.au/ecosystems/biodiversity/regional-ecosystems/index.php)
http://www.environment.gov.au/system/files/resources/a8015c25-4aa2-4833-ad9c-e98d09e2ab52/files/bioregion-brigalow-belt-north.pdf
http://www.environment.gov.au/system/files/resources/a8015c25-4aa2-4833-ad9c-e98d09e2ab52/files/bioregion-brigalow-belt-south.pdf
http://www.ala.org.au/
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brigalow remnant vegetation remaining (Seabrook et al., 2006; Wilson et al., 2002). Europeans settled in 
the BBS bioregion in the 1840s (Seabrook et al., 2006); and with settlement commenced the landscape 
transformation. The first settlers were pastoralists focusing mainly on wool production, which by 1960 
claimed most land (Nix, 1994). With increasing human settlements in the region, agriculture became more 
important. During the 1950s and early 1960s, much of the brigalow was cleared in order to establish 
improved pasture for grazing (Seabrook et al., 2006). Since then, the fertile areas of the region have been 
cleared and developed for crops and pasture, while less suitable areas are used for extensive grazing, 
forestry and environmental protection (Environment Australia, 2000). With the largest coal reserve in 
Australia (Bowen Basin) being located within the Brigalow Belt (BB) bioregion, significant areas have already 
been affected by coal mine developments, usually in the form of open-cut pits (Arnold et al., 2013). 
Clearing for mining and its associated activities and infrastructure is not regulated under the Vegetation 
Management Act 1999 which regulates clearing for most other purposes (Butler, 2008). As a result of all of 
the above activities (clearing for grazing, agriculture, and new energy developments and its associated 
infrastructure), most native vegetation and the associated soils (in case of mining activities) has been 
disturbed and/or degraded with very few historical vegetation communities currently remaining (Butler, 
2009). Additional threats, like invasive species, altered fire regimes and the emerging threat of climate 
change are also impacting on the extent and condition of the BB bioregion. Many of these threats are not 
only cumulative but are likely to have synergistic effects (Mantyka-Pringle et al., 2011). 

 
 
 

2.3.1 GRAZING 
 

Livestock grazing was the first significant threat imposed by European settlers in the Brigalow Belt. Despite 
the relatively high fertility of brigalow soils, mature brigalow ecosystems are characterized by a very sparse 
ground cover layer with limited grazing potential. Thus, over the last century, there was a concerted effort 
to clear the forests and woodlands and sow the fertile soils with exotic pasture (buffel grass – Pennisetum 
ciliare) and dryland cropping (Seabrook et al., 2006). Currently, about 80% and 90% of the Brigalow Belt 
South and the Brigalow Belt North bioregion, respectively, is grazed (Bastin and ACRIS Management 
Committee, 2008). The data from the Australian Bureau of Statistics shows that between 1992- 2011 stock 

density has fluctuated from 66 up to 105 Dry Sheep Equivalents / km2, depending on the seasonal quality. 

Grazing by livestock (largely cattle and sheep) impacts biodiversity through a range of habitat changes, such 
as the direct removal of trees to promote grass growth; changes in structure and species composition of 
the understory grasslands themselves; loss of perennial tussock grasses in favour of annuals. These 
structural and compositional changes in the vegetation lead to altered habitat for fauna that use the 
vegetation for foraging, breeding and shelter (Martin and McIntyre, 2007). Soil compaction and erosion and 
degradation of riparian habitats are common impacts from grazing. Altered populations of native herbivores 
(kangaroos and wallabies) and naturalised introduced herbivores such as goats, donkeys and horses may 
also contribute to grazing pressure. 

 
 

2.3.2 CLEARING FOR AGRICULTURE 
 

The main agricultural products in the Brigalow Belt region are wheat, cotton and sorghum. Clearing for 
agriculture in the Brigalow Belt began during the 1870s, due to a decline in sheep numbers, probably 
because of overgrazing of palatable grass (Seabrook et al., 2006). Cropping was limited to the eastern part 
of the Darling Downs (Toowoomba). Agricultural growth was initially limited because produce was difficult 
to transport and the domestic market was small. The main agricultural products were cotton and crops 
used for animal fodder (Seabrook et al., 2006). Between 1880 and 1940 agricultural development 
increased, involving the clearing of brigalow, which was associated with fertile soil. Between 1950s and 
1990s, the federal and state governments actively promoted human settlement in and clearing of the 
natural brigalow landscape to enable agricultural expansion (Lindenmayer and Burgman, 2005). 
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In Australia, agriculture has been one of the major drivers of landscape change with extensive conversion 
to native vegetation to crops and pastures. Since the 1990s concerns over the clearing extent has grown. 
This extends not only to the remaining patches of remnant vegetation, but also to the clearing of regrowth 
brigalow. Acacia harpophylla has an excellent capacity to resprout from via root suckers once the above- 
ground parts of trees have been removed via clearing (Johnson, 1964). Such sucker regrowth is common 
throughout the bioregion (Butler, 2009; Clewley, 2012) and in some areas regrowth has regrown to form 
dense forests with variable habitat value for native fauna (Bowen, 2009). Clearing of regrowth patches 
larger than two hectares was prohibited to protect “high value regrowth” under Queensland’s Vegetation 
Management Act 1999 (amended later by the Vegetation Management and Other Legislation Amendment 
Act 2009). In this context, high value regrowth refers to native vegetation that isn’t remnant, but hasn’t 
been cleared since 31 December 1989. Such regrowth was mapped by the Department of Environment and 
Resource Management. The high-value regrowth map for the Vegetation Management Act used foliage 
protective cover (FPC) and SLATS clearing records back to 1991 to identify land that had woody FPC >11% in 
the year 2006 and had not had clearing detected on it since 1991. However no pre-screening based on 
regional ecosystems was done. This initial concept was ‘simplified’ into polygons using focal majority and 
also had a minimum polygon size imposed. Towns and orchards were manually removed (Don Butler, 2014, 
pers. comm.). Landholders required permits to clear mapped regrowth on their property. Brigalow trees 
are very hardy and grow back quickly if chopped off at the base and cattle dislike its taste. Brigalow grows 
in clay soils (Gunn, 1984) and they fix nitrogen and provide calcium to the soil. Therefore once Brigalow 
communities are removed, soil fertility declines and this is more pronounced for cropping systems than for 
pasture (Dwyer, 2007). Reductions in concentrations of organic carbon (Dalal R.C. et al., 2003; Graham et 
al., 1981), plant available nitrogen (Graham et al., 1981), total nitrogen, phosphorus and potassium 
(Dowling et al., 1986), and microbial biomass carbon and nitrogen (Grace et al., 1992) were detected. Also 
as these trees can withstand high levels of salinity in the soil they aid in managing water tables (Gates, 
1972) and thus dryland salinity impacts on crop and pasture production. For cattle (and other animals) 
these trees provide important shade and shelter. 

 
2.3.3 CSG INDUSTRY DEVELOPMENT AND ASSOCIATED INFRASTRUCTURE 

 

The first large-scale CSG production commenced in Spring Gully in 2003 (Graeme Batrim, pers. comm.). This 
gas is used for industrial and domestic purposes, including power generation. In 2010, coal seam gas 
production represented 10% of Australian gas production. This figure is growing rapidly because of 
domestic and export demand. The geological setting for CSG resources relates directly to the sedimentary 
basins in which there are hydrocarbon and coal-rich strata (Erskine and Fletcher, 2013). 

The research into the effect of CSG activities and infrastructure on wildlife has mostly been done in the USA 
and Canada. It has been demonstrated that CSG infrastructure’s cumulative direct and indirect impacts has 
altered the habitat of some species including: the Greater sage-grouse, a ground dwelling bird now listed as 
endangered in Canada (Walker et al., 2007; Walston et al., 2009); the pronghorn - an antelope-like mammal 
(Beckmann et al., 2012); the Mule deer (Sawyer et al., 2006) and the Bald eagle (Carlson et al., 2012). 

 

It is expected that the main environmental impacts of the CSG development in Queensland will be related 
to the extent of vegetation cleared to build infrastructure and the volume and quality of water used in the 
extraction process, its treatment, and the extent of built infrastructure associated with CSG operations 
(Coal seam gas developments - predicting impacts- April 2012- CSIRO). Increased edge effects are likely to 
be an important impact as Brigalow Belt vegetation is very fragmented already (Porensky and Young, 2013). 
Edge effect results from the interaction between two adjacent ecosystems separated by an abrupt 
transition, most often in this context between an area of remnant vegetation and a transformed land use 
such as a cleared paddock, road or other infrastructure, or an urban area, and this might affect the 
organisms living there due the changes in the biotic and abiotic conditions (Murcia, 1995). New roads, 
besides increasing the fragmentation of the landscape, can have a negative impact on mammals 
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particularly due to road strikes (Taylor and Goldingay, 2010). Roads and traffic have also shown to have 
negative impact on species with lower reproductive rates, greater mobility, and larger body sizes (Rytwinski 
and Fahrig, 2012). Also, the density and distribution of amphibians, reptiles, birds and medium to large 
mammals tends to decline (see reviews in Fahrig and Rytwinski (2009)) as an effect of roads and other 
linear infrastructure. Not only that, even 3.6 m narrow roads and dirt tracks can inhibit the movement of 
some fauna species by creating habitat with increased predation risk (Richardson et al., 1997). Edges also 
offer ideal habitat for edge specialists such as Noisy Miners (Manorina melanocephala), a hyper-aggressive 
native honeyeater found throughout the eastern Australia. Once established, Noisy Miners aggressively 
exclude other woodland and forest birds from their territory (Maron and Kennedy, 2007). Introduction of 
edges, reduction of vegetation complexity and increased fire frequency or severity all contribute to 
increased Noisy Miner density, with potentially substantial impacts on the avifauna (Maron et al., 2013). 

 
 

 
2.3.4 INVASIVE SPECIES 

 

The term ‘invasive species’ is used to refer to any naturalised species that has a demonstrated capacity to 
spread in an area to which it has been introduced (Richardson et al., 2000). Throughout Australia some 
invasive plant species have drastically altered the plant species composition and the structure of native 
vegetation (Grice, 2006). This in turn can affect habitat quality for animals that rely on these vegetation 
communities. Invasive animals have also had a dramatic and devastating impact on Australian fauna. The 
Australia-wide decline in small to medium size mammals is attributed largely to predation by feral cats and 
foxes (Legge et al., 2011). Extensive grazing of the Australian landscape, made possible due to the provision 
of permanent water sources like dams and bores, during the last few decades has contributed to the 
expansion of populations of exotic weed and pest species such as camels, goats, horses and donkeys. 

Currently Weeds Australia (http://www.weeds.org.au/ accessed on Dec 4th) has recorded 163 and 227 
invasive species in the BBN and BBS bioregion respectively, including invasive species that occur in both 
regions. Those considered of significant importance are listed in table 2 (Martin et al., 2006). One of the 
first recorded invasive species in the BBS is the prickly pear (Opuntia spp.). It was first introduced into 
domestic gardens in the 1860s. By 1890s, the prickly pear was found throughout many of the brigalow 
forests in the south of the bioregion (Dodd, 1940). Prickly pear was not only a survivor of the big drought in 
1901-02, it was also spread due to the practice of feeding it to livestock (Seabrook et al., 2006). By 1926 
prickly pear had invaded 55% (12 million hectares) of the Southern Brigalow Belt. However by 1934, the 
prickly pear invasion ceased to be a problem due to the introduction of the moth, Cactoblastis cactorum, as 
a biological control (Dodd, 1940). 

Pasture grasses, such as buffel grass, are the most threatening invasive plant species in the region because 
of their association with increased fire risk (Butler, 2008) as well as the reduced forage availability for 
native herbivores. Unlike native tussock forming grasses, buffel grass forms continuous swards of high 
biomass grass creating ideal conditions for fire. The increase in fire frequency as a result further enhances 
conditions for buffel grass establishment and spread creating ideal conditions for this commercially 
valuable but invasive species (Martin et al., 2012b). 

 
 

Invasive animals in the region include feral pigs, rabbits, feral dogs / dingoes, foxes, feral cats, goats, deer 
and cane toads (Butler, 2008). The invasion of feral predators, has added to the reduction and population 
decline of many native animals- particularly small and medium size mammals. A single feral cat can kill 
between five and 30 animals in one night (see Legge et al 2011). The native predators which depend on 
small mammals, reptiles, amphibians and birds for their food source are also negatively impacted. Feral 
herbivores, such as rabbits and goats compete with native wildlife, damage vegetation and degrade the 
land. 

http://www.weeds.org.au/
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Table 2 Weeds of significant importance in the Brigalow Belt bioregion in Queensland. 
 

COMMON NAME SCIENTIFIC NAME COMMON NAME SCIENTIFIC NAME 

prickly acacia Acacia nilotica subsp. indica Lantana Lantana camara 

century plant Agave spp creeping lantana Lantana montevidensis 

alligator weed Alternanthera philoxeroides Leucaena Tree Leucaena leucocephala 

Gamba grass Andropogon gayanus African boxthorn Lycium ferocissimum 

Onion weed Asphodelus stulosus Devil's claw Martynia annua 

mother of millions Bryophyllum tubiflorum and 
hybrids 

mimosa Mimosa pigra 

Giant rubber Calotropis gigantea Chilean needlegrass Nassella neesiana 

Buffel grass Cenchrus ciliaris and (Pennisetum 
ciliare (L.) 

Nees olive Hymenachne amplexicaulis 

Green poisonberry Cestrum parqui parkinsonia Parkinsonia aculeate 

Siam weed Chromolaena odorata parthenium weed Parthenium hysterophorus 

Spear thistle Cirsium    vulgare Bahia grass Paspalum notatum 

Afghan melon Citrullus lanatus African  fountain grass Pennisetum setaceum 

Lesser swinecress Coronopus didymus Lippia Phyla spp. 

rubber vine Cryptostegia grandiflora mesquite Prosopis spp. 

Fierce thorn-apple Datura ferox Peruvian peppertree Schinus molle 

Aleman grass Echinochloa polystachya Coffee senna Senna occidentalis 

African lovegrass Eragrostis curvula Flannel weed Sida cordifolia 

Harrisia cactus Harrisia martinii Paddy's Lucerne Sida rhombifolia 

Yorkshire fog Holcus lanatus giant tail grass Sporobolus natalensis, S. 
jacquemontii and S. pyramidalis 

Coolatai grass, 
tambookie 

Hyparrhenia hirta Giant Parramatta grass Sporobolus fertilis 

Thatch grass Hyparrhenia rufa Stylo Stylosanthes scabra 

Hyptis Hyptis suaveolens athel pine Tamarix aphylla 

Yellow-flowered 
devil's claw 

Ibicella lutea Grader grass Themeda quadrivalvis 

Purple morning 
glory 

Ipomoea indica Noogoora burr Xanthium occidentale 

bellyache bush Jatropha gossypifolia Chinese apple Ziziyphus mauritiana 

Source: Martin et al., 2006 
 
 

 

2.3.5 FIRE 
 

Altered fire regimes may become a threat in the Brigalow Belt. According to Nix (1994) in pre-European 
times, fire was presumably rare in mature brigalow forests due to very sparse grass cover. However due to 
the widespread pastoral development in recent years, more open brigalow ecosystems (both mature and 
regrowth), have become prone to exotic grass species invasions, particularly buffel grass (Dwyer, 2010; 
Dwyer et al., 2010). Exotic grass invasion promotes more frequent, hotter fires, as it increases fuel loads; 
this can kill native woody stems and facilitate further grass invasion (Butler and Fairfax, 2003). 
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Fire has not been an important threat in most years in the BBS with a maximum of 3.5% of the bioregion 
burnt in 2004 (Bastin and ACRIS Management Committee, 2008). For the BBN 5.4% of the bioregion area 
was burnt in 1997, while 3.1% was burnt in 2001 (Bastin and ACRIS Management Committee, 2008). Fire 
was insignificant in other years between 1998 and 2005. Increased fire extent in 1997 and 2001 may have 
been initiated by preceding higher rainfall and suitable conditions for burning. Also the frequency of fire 
between 1997 and 2005 was low (Bastin and ACRIS Management Committee, 2008). However if the climate 
changes as predicted, with increased temperatures and lower and altered rainfall patterns, the probability 
of high-intensity fires is likely to increase throughout the region. 

 
 
 

2.3.6 CLIMATE CHANGE 
 

The climate is changing globally at an unprecedented rate due to industrialisation and the resultant 
increase in atmospheric greenhouse gases concentrations (IPCC, 2007b). Substantial changes can be 
expected in natural and human-altered systems driven by rising atmospheric CO2, ocean acidification, 
increasing temperatures, declining rainfall, altered rainfall patterns, altered oceanic currents and changed 
disturbance regimes (IPCC, 2007a). These will result in shifts in species distributions, changes in interactions 
between species and species extinctions (Williams et al., 2012). However the synergistic effects of climate 
change and habitat loss on species extinctions haven’t been fully explored (Mantyka-Pringle et al., 2011). 
Climate change is additional to existing pressures acting on already stressed ecosystems, and it will interact 
with disturbance regimes (such as altered fire regimes), land use change, water abstraction, pollution, over 
harvesting, habitat degradation, disease and pathogens, eutrophication, invasive alien species and other 
agents of change; which will create rapid ecosystem transformations and reduce the supply of familiar 
ecosystem goods and services (Williams et al., 2012). 

 

To understand the potential risks of climate change on a species and plan for actions to protect them, it is 
important that the dynamics of the populations are understood in connection with the spatial features of 
landscapes (Opdam and Wascher, 2004). Also land managers would benefit from additional support to 
identify sources of native or alien invasive species or diseases that are most likely to disrupt their 
ecosystems (Williams et al., 2012). 

 
 

 

2.4 Existing threat management and priorities 

Biodiversity conservation in the Brigalow Belt bioregion has received increasing attention due to the rapid 
and extensive loss of habitat that has occurred (e.g. Gordon (1978); Sattler and Webster (1984)).Brigalow 
communities are classified as endangered and are poorly represented in conservation reserves (Butler, 
2008; Young et al., 1999). Approximately 2.3% of the Brigalow North bioregion and 4.5% of the Queensland 
part of the Brigalow South bioregion are reserved in protected areas. Currently there are 29 National Parks, 
four Conservation Parks and one Resource Reserve that protect brigalow ecosystems 
(http://www.ehp.qld.gov.au/). In addition, some state forests are managed primarily for nature 
conservation by the Department of Natural Resources and Mines (http://www.nrm.qld.gov.au/). 

There are eight Natural Resource Management regions covering parts of the Brigalow Belt bioregion (NRM; 
Table 2). The NRMs were identified by the Australian Government in association with state and territory 
governments between 2002-04 and they are based on catchments or bioregions. The NRM groups are 
funded by the Government through the Caring for our Land program, to achieve national targets - projects 
that improve biodiversity and sustainable farm practices. Caring for our Country aims to achieve an 
environment that is healthy, better protected, well-managed, and resilient and provides essential 
ecosystem services in a changing climate. 

http://www.ehp.qld.gov.au/)
http://www.nrm.qld.gov.au/)
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Table 3 Natural Resource Management regions in the Brigalow Belt bioregion in Queensland. 
 

NRM REGION NRM BODY CONTACT 

Border Rivers Maranoa-Balonne Queensland Murray-Darling Committee http://www.qmdc.org.au/ 

Burdekin North Queensland Dry Tropics NRM http://www.nqdrytropics.com.au/ 

Burnett Mary Burnett Mary Regional Group for NRM http://www.bmrg.org.au 

Condamine Condamine Alliance http://www.condaminealliance.com.au/ 

Desert Channels Desert Channels Queensland http://www.dcq.org.au/ 

Fitzroy Fitzroy Basin Association http://www.fba.org.au/ 

South East Queensland South East Queensland Catchments http://www.seqcatchments.com.au/ 

South West Queensland South West NRM http://www.southwestnrm.org.au/about/ 

 

 
Also in this area, local Indigenous groups, industry bodies, land managers, farmers, Landcare groups, 
communities and governmental agencies are working to protect the biodiversity of the region (McAlpine et 
al., 2011) ). A preliminary list of organisations working in the area is shown in Table 4. 

 

 
Table 4 groups working in the Brigalow Belt area 

 

GROUP CONTACT 

AgForce Queensland http://www.agforceqld.org.au/ 

Australian Bush Heritage Fund http://www.bushheritage.org.au/ 

Australian Conservation Foundation http://www.acfonline.org.au/ 

Australia Wildlife Conservancy http://www.australianwildlife.org/ 

Queensland Farmers Federation http://www.qff.org.au/ 

Queensland Resources Council https://www.qrc.org.au/ 

Queensland Conservation Council http://qldconservation.org.au/ 

The Wilderness Society http://www.wilderness.org.au 

WWF Australia http://www.wwf.org.au/ 

Condamine Alliance http://www.condaminealliance.com.au/ 

Department of Environment and 
Resource Management Brigalow 
Catchment Study 

http://www.derm.qld.gov.au/science/projects/ brigalow/ index. html 

Department of Environment, Water, 
Heritage and the Arts listing of brigalow 
communities as threatened ecosystems 

http://www.environment.gov.au/biodiversity/threatened/communities/brigalow. 
html 

Department of Environment, Water, 
Heritage and the Arts Brigalow Belt 
Forests in Queensland 

http://www.environment.gov.au/biodiversity/threatened/publications/brigalow.html 

http://www.qmdc.org.au/
http://www.nqdrytropics.com.au/
http://www.bmrg.org.au/
http://www.condaminealliance.com.au/
http://www.dcq.org.au/
http://www.fba.org.au/
http://www.seqcatchments.com.au/
http://www.southwestnrm.org.au/about/
http://www.agforceqld.org.au/
http://www.bushheritage.org.au/
http://www.acfonline.org.au/
http://www.australianwildlife.org/
http://www.qff.org.au/
http://www.qrc.org.au/
http://qldconservation.org.au/
http://www.wilderness.org.au/
http://www.wwf.org.au/
http://www.condaminealliance.com.au/
http://www.derm.qld.gov.au/science/projects/%20brigalow/%20index.%20html
http://www.environment.gov.au/biodiversity/threatened/communities/brigalow.%20html
http://www.environment.gov.au/biodiversity/threatened/communities/brigalow.%20html
http://www.environment.gov.au/biodiversity/threatened/publications/brigalow.html
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Myall Park Botanic Garden www.myallparkbotanicgarden.org.au 

Queensland Environmental Protection 
Agency database of regional ecosystems 

http://www.epa.qld.gov.au/nature_conservation/biodiversity/regional_ecosystems 

Queensland Murray Darling Committee 
(QMDC) Inc. 

http://www.qmdc.org.au 

 

Our desktop study so far has revealed a number of threats, for which we can generate a set of preliminary 
management actions (Table 5). For example, the threat of land clearing may be addressed with legislation. 
Avoiding the incursion of invasive species and in particular the spread of exotic grasses is an important 
management action that protects against altered fired regimes. Protection and facilitated recovery of 
brigalow regrowth will be an important component of broader ecosystem recovery (Butler, 2008)(Dwyer et 
al. 2010b). 

 
 
 
 

Table 5 Current and potential management actions for threats in the Brigalow Belt region 
 

THREAT MANAGEMENT ACTIONS 

Habitat loss and 
fragmentation 

Halting clearing of native vegetation 
Expanding the area formally protected (such as classifications within the National Reserve System) 
Protection and restoration of native vegetation on private land 
Restoration via native revegetation, and inoculation of soil with beneficial microorganisms 
Passive restoration of natural regrowth, including fire and grazing management 
Captive breeding and translocation 

Invasion by non-native 
species 

Preventing introductions via regulation and quarantine 
Surveillance, detection and eradication of new arrivals 
Containment of slow-spreading species 
Controlling existing invaders by pesticides or herbicides, baiting, and culling 
Protection of ecosystems and species by removal (plants) or fences (feral predators and herbivores), or 
moving at-risk species to islands 
Biological control 

Livestock grazing Management of grazing (stocking rate and access to water) 
Protecting vulnerable species or ecosystems from grazing pressure 
Spelling areas from grazing to allow recovery 

Altered fire regimes Controlled burning where fires are too infrequent 
Suppression of non-native invasive grasses with high fuel load (e.g. gamba grass and buffel grass) or 
fire-assisted shrubs (e.g. broom) 

Maintaining buffers with low fuel loads around brigalow forest patches 

Over-harvesting of 
native species 

Regulation and anti-poaching enforcement 
Compensation to offset loss of harvests 
Captive breeding and reintroduction programs 

Water pollution, 
both marine and 
freshwater 

Regulation of chemical and fertiliser use and dumping of waste 
Minimising water use in irrigated agriculture 

Disease Lower risk of spread through strategies based on epidemiology 
Disease-free locations of suitable habitat 
Quarantine through isolation or destruction of infected individuals to minimise spread 
Captive breeding and release of disease-free populations 

Source: Martin et al., (In press) 

http://www.myallparkbotanicgarden.org.au/
http://www.epa.qld.gov.au/nature_conservation/biodiversity/regional_ecosystems
http://www.qmdc.org.au/
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2.5 Relevant available data 

One of the first steps of our method is to define the ecological, tenure, political and administrative 
boundaries of the study region. As these factors often relate to current and potential management efforts 
and also they constrict the information, expert knowledge, funding and feasibility of a project (Carwardine 
et al., 2012). To do so relevant data that is currently available is listed in table 3. 

 
Table 6 Relevant available data 

 

RELEVANT AVAILABLE DATA 

Natural resources/ environment 
Map of vegetation cover 
Map of soils 
Map of waterholes 
Map of watercourse lines 
Map of land uses 
Map of land tenure 
Threatened species distributions or point localities 

Social/political 
Delineation of Surat and Bowen Basins and Statistical Local Areas 
Map of localities 
Map of places names 
Map of populated places/settlements 

Infrastructure – current and proposed future expansions of the 
following 
Map of roads 
Map of rail lines 
Map of electricity poles 
Map of pipelines 
Map of wells 
Map of any other known or potential future development 
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3 Existing research and advancements in 
methodologies 

 
 

Once the biodiversity and its specific threats in an area are known (Section 2), it is necessary to evaluate 
the use of limited financial resources for conservation in the most efficient way to improve the persistence 
of biodiversity. Improvements in biodiversity persistence can be estimated using a species or an ecosystem 
approach or a combination of both, depending on the conservation objective, threats and available 
resources. A combined species and ecosystem approach is likely to be the most robust. Defining a set of 
possible actions to improve persistence, and the differences in the costs, benefits and feasibility of these 
actions, enables the cost-effectiveness of the actions to be compared. This provides essential information 
for assisting with decision making. 

 

3.1 Estimating persistence requirements of species and ecosystems 

Little research exists directly on estimating the persistence requirements of ecosystems. However there are 
approaches that can be drawn upon to address this question, particularly some of those used for estimating 
species persistence requirements. Here we summarise the most relevant of these: the species-area 
relationship, metapopulation analyses, IUCN red list criteria, and target-setting approaches for  
conservation planning. 

 
The ‘species-area relationship’ (SAR) is a cornerstone tool in modern ecological science (Rosenzweig, 1995) 
and conservation biology. It has been used many times to successfully predict the extinction of species 
based on habitat reduction (e.g. Brooks et al. (1997) Pimm (1998); Pimm and Askins (1995) and Pimm et al., 
(1995)). The SAR describes the number of species that can occur in an area depending on the size of that 
area. The species area relationship has the form of: 

 

𝑺 = 𝒄𝑨𝒛 (1) 

where S is the number of species in an area, A is habitat area and c (the y-intercept) and z (the slope) are 
constants. For example, if a reduction in area occurs, the total number of species is expected to decrease as 
a consequence. 

 
 

Using the SAR in conservation decisions has some limitations. One key limitation is due to the time-lag 
between habitat loss and species loss (Brooks et al., 1999). Thus, the time scale is too long to be useful for 
short-term decisions and the extinction estimates assume that species have uniformly distributed range 
requirements (Ney- Nifle and Mangel, 2000). SAR also do not account for species persistence. SAR take the 
first encounter of a species, this means, that by finding only one individual the species is considered 
present in an area without considering if it is the last individual, or if abundance is still high (He and 
Hubbell, 2011). SAR has often been used to determine the size of land that needs to be set aside for 
protected areas. However the matrix embedding a protected area is often ignored. Recent research 
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(Franklin and Lindenmayer, 2009; Prugh et al., 2008) has shown that improving the matrix quality may lead 
to higher returns than only manipulating size and configuration of remnant patches (Prugh et al., 2008). 
However, it has also been shown, that in highly fragmented landscapes, SAR can be biased, resulting in 
artefactual thresholds (Maron et al., 2011). 

 
 

Metapopulation analyses incorporate more explicit measures of population viability, such as extinction risk 
(Nicholson and Ovaskainen, 2009; Ponce-Reyes et al., 2013). The extinction risk, in a population model, is a 
function of the ecology of the species, for example their dispersal ability, area requirements and landscape 
configuration (Hanski, 1998). Using simple patch-occupancy approximation models that estimate the mean 
time to extinction (e.g. the metapopulations model proposed by Frank and Wissel (2002)),the 
metapopulations model proposed by Frank and Wissel (2002)), one can calculate the extinction risk of 
populations (Day & Possingham, 1995). For example, Ponce-Reyes et al. (2013) estimated which 
vertebrates (with different life histories) endemic to Mexican cloud forests were more threatened to 
extinction due to habitat loss caused by climate and/or land use change. 

 
 

As part of the IUCN Red Listing process, Rodríguez et al. (2011) proposed four criteria for estimating the 
extinction risk of ecosystems (Red List Criteria V1.0) and developed as a systematic, transparent and 
repeatable framework with global standards for assessing the status of ecosystems (Keith et al., 2013; 
Nicholson et al., 2009; Rodríguez et al., 2012). These have since been further refined (Red List Criteria V2.0, 
(Keith et al., 2013)) to include five criteria (A-E) representing symptoms of ecosystem collapse, relating to: 
(A) change in distribution; (B) distribution size; the extent and degree of degradation to the (C) abiotic 
environment and (D) the biotic processes and interactions; and (E) a quantitative assessment of the risk of 
ecosystem collapse. Ecosystem collapse has been defined as a theoretical threshold beyond which an 
ecosystem no longer sustains most of its characteristic native biota or the abundance of its biota that have 
a key role in ecosystem organization (e.g. unique functional groups) (Keith et al., 2013). 

 
 

Setting targets is an essential part of systematic conservation planning, implementation, and monitoring. 
Targets are quantitative interpretations of broad conservation goals established in policy by experts, 
implementing agencies, or other stakeholders (Margules and Pressey, 2000; Pressey et al., 2003). They 
provide a clear purpose for conservation decisions, lending them accountability and defensibility (Pressey 
et al., 2003)- basic characteristics of systematic conservation planning. To formulate explicit targets for 
conservation, it is necessary to evaluate the available data on biodiversity in a region and its threats. 

 
 
 
 

3.2 Cost-effective threat management prioritisation 

There is an extensive literature of conservation priority setting approaches, tools and applications. Here we 
restrict our discussion to the literature on systematic tools that are used to prioritise the management of 
threats to biodiversity using a return on investment framework and approaches that could be used to this 
end with some modifications. A return on investment framework prioritises actions using a Cost- 
effectiveness analysis approach (CEA). CEA has emerged as a useful tool in conservation for enabling more 
informed and justifiable investments for prioritizing threat management for biodiversity (Carwardine et al., 
2012). In table 7 we show a summary of the different structured decision making tools depending on their 
values and approaches. The approach requires the following basic principles of decision science: (i) a clear 
objective; (ii) a well-defined set of actions from which a subset will be chosen as priorities; (iii) a model of 
system behaviour to relate actions to their contributions toward meeting the objectives; (iv) the 
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consideration of resource constraints. Structured Decision-Making – the application of decision science – 
uses tools such as expert elicitation and cost-effectiveness analyses to collect and evaluate information to 

advice on the most efficient use of resources. 
 

Table 7 Summarizes the representation of the different Structure Decision -Making tools 
 
 
 

 MULTIPLE- 
FEATURES 

BIODIVERSITY 
BENEFIT 

FEASIBILITY 
(SOCIAL & 

TECHNICAL) 

COST SPATIAL (FINE 
RESOLUTION) 

IMPLEMENTATION 

PPP 
x 

(sequentially) 
x x x   

Back on Track  x x   x 

Systematic 
Conservation 
Planning with 

zones 

 

 
x 

 

 
x 

 

 
x 

 

 
x 

 

 
x 

 

Cost-effective 
threat/appraisal 

x x x x 
  

INFFER x x x x  x 

Conservation 
Action Planning 

– open 
standards (TNC) 

 

x 

 

x 

 

x 

   

x 

 
 
 
 
 

Single species approaches 

Project prioritization protocol (PPP) is an optimal resource allocation framework where costs, benefits 
(including species values), and the likelihood of management success are considered simultaneously. PPP 
was originally designed for allocating resources to New Zealand's threatened-species projects (Joseph et al., 
2009) but now it has since been applied in many other places. PPP provides a framework to rank species- 
specific conservation projects based on species uniqueness, probabilities of extinction and costs. Mace et 
al. (2006) developed a similar framework that estimates the probability of recovery of species as a function 
of the funding while maximising the number of species recovered. The approach by McCarthy et al. (2008) 
calculates the probability of change of threat category when receiving any funding versus none. 

 
 

Back on Track is the first species prioritisation framework to be implemented in Australia. It was 
established with funds from the Queensland Government (former Department of Environment and 
Resource Management) and the Australian Government (Department of the Environment). This initiative 
prioritises Queensland’s native species for conservation management and recovery, while enabling 
strategic allocation of limited resources and increasing the capacity of government by making information 
widely accessible so NRM bodies and communities can make informed decisions. Back on Track has six 
stages and it is based on the research of Marsh et al., (2007). Stage 1 identifies the priority threatened 
species for each NRM region in Queensland. Stage 2 collates regional specific information. In stage 3 local 
expertise and knowledge of threats and actions to achieve species recovery are gathered through 
workshops. The fourth stage involves the post workshop research and the development of action 
documents and consultation. Stage five produces the Regional Actions for Biodiversity document and the 
sixth and final stage implements and reviews it. Back on track is not a cost-effectiveness prioritisation 
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approach, as it does not integrate information on the costs of conservation actions or the expected benefits 
of taking the actions on species persistence, in order to prioritise them. 

 
 

 
Landscape-scale or ecosystem approaches 

Systematic conservation planning with zones can be used to prioritise threat management spatially using 
conservation planning programs that assign areas to ‘zones’ representing different management actions. 
Effective conservation zoning plans must integrate the management of multiple uses and therefore account 
for different types of interactions between and among activities. For example, Marxan with Zones (Watts et 
al., 2009) is a systematic planning software that evaluates the consequences and trade-offs of alternative 
zoning configurations, which is critical for informed decision making. It allows the user to define multiple 
objectives, multiple zones and accept multiple costs making the software versatile and suitable for a wide 
range of resource management problems. The objectives and constraints can be based on economic, social, 
cultural or biological spatial features. Systematic conservation planning with zones can be used to estimate 
the contribution of a diverse range of land uses to achieving conservation goals. It can prioritise 
investments in alternative conservation strategies by accounting for the relative contribution of different 
land uses ranging from production forest to well-managed protected areas (Wilson et al., 2010). Prioritising 
threat management with a conservation planning with zones approach is most useful when a small number 
of actions are under consideration, and when the resolution of the analysis is fine, i.e. highly spatially 
explicit. As with traditional systematic conservation planning approaches, the zonal approach has not 
typically harnessed expert derived information on species persistence estimates, relying instead of mapped 
data of species distributions. 

 
 

Investment Framework for Environmental Resources (INFFER) is an ‘asset-based approach’ that assesses 
and prioritises environmental and natural resource projects developed by (Pannell et al., 2012). INFFER 
requires an extensive participation of decision makers and stakeholders; it integrates a comprehensive set 
of information about projects while explicitly assessing uncertainties and information gaps. It also analyses 
the most appropriate policy mechanism for each project. INFFER has four stages: identify important 
environmental assets in the region; remove the assets that are less likely to provide opportunities for cost 
effective public investment; develop detailed assessments of projects for a subset of assets, and finally 
negotiate the funding for the projects. INFFER is typically used to prioritise the protection of natural 
resource ‘assets’ rather than biodiversity per se, but applies a cost-effectiveness approach similar to the 
above threat management prioritisation approach. However, this approach is not within the scope of this 
project because it includes social values and benefits in the analysis. 

 
 

Cost-effective threat management appraisal is a landscape scale approach based on cost-effectiveness and 
can be applied across broad regions. It estimates the benefits of alternative management actions by 
improvements in species persistence (1–probability of extinction) across a number of conservation 
features. It can use empirical data and/or expert scientific information including traditional ecological 
knowledge (Martin et al., 2012a) of the targeted biodiversity features and of their likely responses to 
threats as well as feasible management actions for the region. The targeted biodiversity features may be 
any number of species, ecosystems, and ecosystem processes or services provided the relevant knowledge 
exists (Carwardine et al., 2012). 

 
 

This approach has been applied to provide a cost-effectiveness prioritisation of threat management in the 
Kimberly region (Carwardine et al., 2011). To do so, information on the ecological features of the region, 
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their threats, key threat management actions and the costs required to restore the wildlife were gathered 
in two expert workshops with many follow-up consultations. Similarly, for the Lake Eyre Basin (LEB), 
scientists together with a group of experts provided a prioritisation of invasive plant management 
strategies. They identified the key invasive plant species that needed to be targeted in order to protect the 
ecosystem intactness across the bioregions of the LEB, the level of investment required and the likely 
reduction in invasive species dominance gained per dollar spent on each strategy (Firn et al., 2013). 

 
 

The approach involves identifying the relative cost-effectiveness of taking different management actions 
for improving the probability of persistence of species and threatened ecosystems The useful outputs of 
these approaches include providing the likely biodiversity outcomes under different management scenarios 
including a ‘do nothing’ scenario, the suite of actions and funds required to achieve persistence, and the 
best use of a limited budget to maximise expected ecological benefit. The cost-effectiveness of actions is 
evaluated by combining the information on benefits, feasibility and costs. Following Carwardine et al. 
(2011), the benefit Bij of action i (or a set of management activities) in bioregion j, is defined by the 
difference in persistence probability of all wildlife species in the bioregion with and without 
implementation of that action, 

 

𝐵𝑖𝑗  =  ∑𝑥=𝑛 𝑁𝑥 ∙ (𝑃𝑖 − 𝑃0) (2) 

 

Where: 

x = the number of ecological groups 

Nx = the number of species in group x 

Pi = the probability of persistence under action ij 

P0 = the probability of persistence under a no management scenario. 
 
 

 
The total cost now (Cij) of an action that requires ongoing implementation over a number of years (t) at a 
discount rate per year (r) was determined using the present value equation, which measures the present 
value of a series of equal payments over a number of time series: 

 

𝐶𝑎𝑛𝑛𝑢𝑎𝑙∙𝑡 

(1+𝑟)𝑡 
(3) 

 
 

The cost-effectiveness, in ecological terms, of an action-bioregion ij is then defined by: 
 

𝐶𝐸𝑖𝑗 = 
𝐵𝑖𝑗∙𝑃𝑟𝑖𝑗 

𝐶𝑖𝑗 
(4) 

 

Where: 

Prij = the feasibility, probability of success of the action (averaged over all actions in a package) 

Cij= the total cost of the action (summed over all activities in a package). 
 
 

The lack of empirical data on species distributions and likely responses to threats and management actions 
impedes the application of conservation strategies in many regions. When formal survey data in a region is 
incomplete, regional experts and land owners can potentially provide a lot of knowledge of the ecology of 

𝐶𝑖𝑗 = 
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the system and their expertise in natural resource management (Carwardine et al., 2012; Carwardine et al., 
2011; Firn et al., 2013; Martin et al., 2012a; Martin et al., 2005). 
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Governments and other investors must be able to discern between alternative threat management actions, 
using transparent information on the likely costs, risks, and benefits of taking action compared to inaction 
when developing or managing threat management development and plans in a region (Possingham et al., 
2001). For these analyses it is necessary to estimate the costs relevant to the suite of conservation 
management actions. Sometimes, this is done based on previous experiences of undertaking something 
similar. Costs of actions may vary depending on the land tenure or management cost, so a range of likely 
costs needs to be implemented. Benefits are a measure of how much better off biodiversity will be if the 
action is implemented compared with if it is not. The benefit can be measured as an improvement in the 
persistence of a species, species group or other ecological feature. The expected benefits are estimated by 
multiplying the potential benefits by the feasibility, or the likelihood that the benefit will be achieved. The 
feasibility is a probability of success to 1, of an action being achieved (1) or not (0); taking into account of 
social, economic, knowledge and logistical constraints. Feasibility may vary depending of the land tenure, 
land use time and funds. However it needs to be summarized or averaged to provide one feasibility 
estimate per action per evaluation unit (Carwardine et al., 2012). 

 
 
 

 

3.3 Advancements and gaps in the field 

Recent research has shown the utility of threat identification and appraisal approaches (Carwardine et al., 
2011; Firn et al., 2013). Due to the novelty of these tools and their application, there are many areas for 
possible improvement. For example, the approach may be improved by considering a finer resolution of 
costs and biodiversity persistence parameters and improving expert estimates by combining them with 
empirical information using Bayesian Belief Networks. The adaptability of the approaches to uncertainties 
and future challenges and changes after implementation is also an area of rich research potential. 

Adaptive management is a systematic approach for improving resource management by learning from 
management outcomes (Williams et al., 2009). It can be implemented using a range of different methods 
depending on the study system (Westgate et al., 2013). There is a general agreement that the process 
typically involves the following steps (modified form Duncan and Wintle (2008), (Keith et al. (2011); 
Williams et al. (2009)): 

1. Identification of management goals in collaboration with stakeholders. 

2. Specification of multiple management options, one of which can be ‘do nothing’. 

3. Creation of a rigorous statistical process for interpreting how the system responds to management 

interventions. This stage typically involves creation of quantitative conceptual models and/or a 

rigorous experimental design. 

4. Implementation of management action(s). 

5. Monitoring of system response to management interventions (preferably on a regular basis). 

6. Adjust management practice in response to results from monitoring. 
 

 
The Nature Conservancy developed a methodology Conservation action planning (CAP), based on an 
adaptive management framework of setting goals and priorities, developing strategies, implementing the 
strategies and measuring the results. CAP has many strengths, for example, it integrates the context and 
outcomes with planning and actions through a clear framework for the analyses of the threats. It focuses 
on key values, and it could be adapted to assess social and cultural values, even though it was originally 
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created to investigate biodiversity values. However CAP does not cover all elements of management 
effectiveness (www.conserveonline.org/workspaces/cbdgateway/cap/practices). 

According to Westgate et al. (2013), adaptive management may not be well suited to testing management 
options associated with some large-scale ecological phenomena or factors that are important at multiple 
spatial scales or across multiple land tenures. Results of an extensive literature search found only three 
projects that involved truly large scale problems: Waterfowl management (Williams et al., 1996), the 
Northwest Forest Plan (Stankey et al., 2003), and wolf management in the Yukon (Hayes et al., 2003). 
Applying adaptive management to large-scale projects may be difficult due to the need for co-ordination 
required for land managed under different tenures, by different organizations and/or private individuals 
with different management priorities, goals, values and reward systems. 

http://www.conserveonline.org/workspaces/cbdgateway/cap/practices)
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4 Conclusion 
 
 

Conserving biodiversity requires more than representing the current distributional patterns of species by 
creating protected areas. This is especially true in multiple use regions with high biodiversity importance 
and increasing threats associated with new development, such as the Brigalow Belt region of Queensland. 
Current conservation efforts in the Brigalow Belt, while important, are expected to be insufficient to ensure 
the persistence of this unique ecosystem and its biodiversity. Conflicts between further agricultural 
intensification and industrial development for oil and gas and brigalow conservation are acute. It is 
necessary that decision makers consider processes that maintain species, to ensure the persistence of the 
species under current conditions but also under anticipated future scenarios (Balmford et al., 1998). A cost- 
effectiveness approach to prioritise threat management is a rational approach for prioritising actions that 
best improve the wildlife persistence per dollar spent under situations of limited resources, data and time. 
The lack of formal data on species distribution, ecological processes and likely responses to threats and 
management actions is an issue for the Brigalow Belt and many other important regions. However 
undertaking conservation management appraisal and prioritization using the expert knowledge to 
complement scientific data is an effective way to gather missing information (Burgman et al., 2011; Kuhnert 
et al., 2010; Martin et al., 2012a; Martin et al., 2005). These relatively new methods of undertaking 
conservation management appraisal and prioritization using the expert knowledge are flexible and 
adaptable to situations with different amounts of data availability (Martin et al., 2012a). The alternative of 
taking no actions and waiting until empirical data exist, is likely to result in further loss of species (Martin et 
al., 2012c). 

 
 

This project will produce a prioritised set of threat management actions to assist decision makers in 
allocating scarce resources to conserve biodiversity in a multiple-use region with important biodiversity 
values that are facing increasing anthropogenic threats (Seabrook et al., 2006), in particular CSG and coal. 
While conflicts are high, development brings opportunities and potentially, resources for action. The 
information provided by appraisal approaches, combining the best available scientific information with 
expert knowledge, can be useful to guide investment for the conservation of biodiversity, including for 
managing and off-setting threats in the region. This approach allows urgent and accountable decision 
making even where formal systematic data is lacking, which is particularly important in a region where 
timely conservation decision making is required to stem the decline of biodiversity and ensure ecosystem 
persistence . 
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