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Summary 
The greater bilby (Macrotis lagotis; Reid, 1837), is a medium-sized, culturally 

significant burrowing marsupial and the sole remaining member of the Family 

Thylacomyidae. Once widespread across most of the Australian mainland, the range 

of the greater bilby has contracted by approximately 80 per cent since European 

settlement. Within Western Australia (WA), the Pilbara bioregion supports the north-

western extent of the bilby’s range and represents an important stronghold for the 

species. The bilby is listed as ‘Vulnerable’ under the WA Biodiversity Conservation Act 

2016, the Commonwealth Environment Protection and Biodiversity Conservation Act 

1999, and on the International Union for Conservation of Nature Red List of 

Threatened Species. The range of the bilby is believed to be contracting northwards 

in response to threatening processes, including predation by the introduced red fox 

(Vulpes vulpes) and feral cat (Felis catus), competition with and habitat degradation 

by introduced herbivores, inappropriate fire regimes, and habitat clearing for 

development. 

Acknowledging that little was known about the status and ecology of the bilby in the 

northwest of WA, a project plan was developed in 2011 by the then Department of 

Environment and Conservation [now the Department of Biodiversity, Conservation and 

Attractions (DBCA)] to guide the implementation of priority actions for the conservation 

and management of the bilby in the Pilbara. In 2013, the then Department of Parks 

and Wildlife (now DBCA) hosted a workshop to further refine the Pilbara bilby research 

agenda through a facilitated process with various stakeholders. Five key areas for 

future research effort were identified: (1) refine survey methods, (2) improve 

understanding of habitat use, (3) improve understanding of the genetic structure of 

bilby populations, (4) improve understanding of the threat posed by introduced 

predators and herbivores, and (5) improve understanding of how fire regimes affect 

bilby conservation. Here, we summarise the progress made-to-date against each of 

these priorities and provide recommendations to guide future research and the 

ongoing conservation management of the bilby in the Pilbara. 

Since the 2013 workshop, new field survey and monitoring techniques have been 

developed and implemented, and research undertaken by DBCA has significantly 

enhanced our knowledge of the status and ecology of the bilby in the Pilbara and 

elsewhere in WA. In summary: 

• A non-invasive technique using DNA extracted from scats was developed and 

optimised to reliably measure bilby abundance within defined populations and 

can also be used to evaluate genetic structure and gene flow at the landscape 

scale.  

• A protocol for assessing potential bilby activity and verifying bilby presence from 

sign was established to promote standardised, best practice occupancy survey 

techniques, and to assess the importance of habitat in WA. 

• Guidelines for surveys to detect the presence of bilbies and assess the 

importance of habitat in WA were published. 



                                                                                                                                         Pilbara Bilby Research Program Review
   

Department of Biodiversity, Conservation and Attractions  7 

• An estimate of the distribution of the bilby in the Pilbara region was generated 

from recent and historic records, highlighting areas of uncertain status. 

• Research to better understand habitat use identified an association with 

substrate and vegetation types, notably Acacia spp. that provide important food 

resources in the form of root-dwelling (Cossidae) larvae. 

• Preliminary dietary analysis of scats collected from 17 populations across WA 

(including the Pilbara) was completed, highlighting the importance of cossid 

moth larvae and other invertebrates in the diet of bilbies in the northwest of WA. 

• The entire [greater (M. lagotis) and lesser (M. leucura)] bilby reference genome 

was sequenced as part of a broader collaboration. Markers for genetic 

identification of sex were identified for use with scat genotyping. 

• Reduced representation genomic sequencing of bilby samples from WA was 

undertaken as part of a broader collaboration and used to develop a single 

nucleotide polymorphism (SNP) array for repeatable genotyping of bilby scat 

DNA. This approach is now being implemented in monitoring projects to identify 

individuals, their sex and kinship patterns and examine individual movement 

patterns.  

• Bilby abundance is being monitored in response to a collaborative threat 

management and monitoring program targeting introduced predators and fire 

on the Coongan Pastoral Station.  
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1 Introduction 

The greater bilby (Macrotis lagotis; Reid, 1837) (henceforth referred to as the bilby), is 

a medium-sized, nocturnal burrowing marsupial and the only remaining member of the 

Thylacomyidae family (Order Peramelemorphia) (Lynch, 2008). This iconic and 

culturally significant native Australian mammal (Abbott, 2001; DCCEEW, 2023b) is 

distinguished by its large rabbit-like ears, silky blue-grey fur, and long black tail with a 

furred white tip (Johnson, 2008). Weighing between 800-2500 g and measuring up to 

550 mm in length (head and body), bilbies have strong forelimbs for digging and 

construct complex burrow systems for shelter (Johnson, 2008). The bilby is considered 

an ecosystem engineer (Fleming et al., 2014), with their foraging enhancing soil health 

and plant productivity (Chapman, 2013) and their (used/disused) burrows providing 

important refuge sites for other fauna (Hofstede and Dziminski, 2017). Bilbies are 

cryptic and generally solitary (Bradley et al., 2015), with reported low site fidelity 

(Southgate et al., 2007). Bilbies can be highly mobile with variable home ranges, 

particularly males (Bradley et al., 2015).  

Prior to European settlement, the bilby formerly occurred over approximately 70% of 

the Australian mainland (Southgate, 1990), occupying various habitat types within 

Australia’s arid and semi-arid zones (Woinarski et al., 2014). Like many other small to 

medium-sized terrestrial species, bilby populations suffered severe declines due to the 

direct or combined impacts of introduced non-native animals (i.e., predation and 

competition), landscape modification and altered fire regimes following European 

colonisation (Bradley et al., 2015; Woinarski et al., 2015). The bilby is now patchily 

distributed within less than approximately 20% of its former range (Southgate, 1990; 

Bradley et al., 2015), with the species’ distribution believed to be contracting 

northwards in response to threatening processes (DCCEEW, 2023b). Remnant, 

naturally occurring populations now only persist within central and northern Western 

Australia (WA), the Northern Territory (NT), and an isolated area in south-western 

Queensland (Qld) (Bradley et al., 2015). Within WA, wild bilby populations are 

restricted to the Pilbara, Kimberley, and central desert and rangelands regions (Page, 

2015; Lohr et al., 2021). 

The Pilbara bioregion, which supports the north-western extent of the bilby’s range 

(Dziminski et al., 2020c), has significant biodiversity value and is considered a centre 

of endemism (DPaW, 2017). The Pilbara is also of national economic significance with 

both mining and pastoralism operating over 70% of the region (DPaW, 2017). The 

range of the bilby is largely distributed across the eastern half (48%) of the Pilbara 

bioregion, with recent and historical records indicating the western boundary of the 

species’ range lies roughly 50 km west of Port Headland and continues south-east of 

Newman (Dziminski et al., 2020c). Beyond the Pilbara, the species’ range extends 

east and south-east into the Great Sandy, Little Sandy and Gibson Deserts, south in 

the Gascoyne, and northwards into the south-western Kimberley region (Dziminski et 

al., 2020c). In WA, two translocated populations have also been established at 

Matuwa Kurrara Kurrara National Park (Matuwa; formerly Lorna Glen Station) and the 

Australian Wildlife Conservancy’s Mount Gibson Wildlife Sanctuary (NESP TRSH, 

2018). 
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The bilby is currently classified as ‘Vulnerable’ under the WA Biodiversity Conservation 

Act 2016 (Government of Western Australia, 2016), the Commonwealth Environment 

Protection and Biodiversity Conservation (EPBC) Act 1999 (DCCEEW, 2023a), and 

on the International Union for Conservation of Nature Red List of threatened species 

(Burbidge and Woinarski, 2016). The bilby was also selected as one of the 21 priority 

mammal species in the Threatened Species Action Plan 2022-2032 (DCCEEW, 2022). 

Under the EPBC Act, the bilby is classified as a Matter of National Environmental 

Significance (MNES) by the Australian Government (DoE, 2013), thus the presence 

of bilbies and bilby habitat is a key environmental factor in mining and infrastructure 

project evaluations in northern WA (Cramer et al., 2017). 

Key threats to the bilby in the Pilbara include predation by the introduced red fox 

(Vulpes vulpes) and feral cat (Felis catus); competition with introduced herbivores 

such as grazing livestock and the European rabbit (Oryctolagus cuniculus); habitat 

loss, fragmentation and degradation (secondary to grazing and other human-mediated 

activities such as land clearing, mining, infrastructure development and large scale 

pivot irrigation agriculture); inappropriate fire regimes; and climate change (Bradley et 

al., 2015; Cramer et al., 2017; DCCEEW, 2023b). Weeds [e.g., buffel grass (Cenchrus 

ciliaris); Burrows, 2019] are considered a potential indirect threat in the Pilbara due to 

their influence on fire patterns and competition with native plant species (Bradley et 

al., 2015; DPaW, 2017); though bilbies have been observed in areas invaded by buffel 

grass (M. Dziminski pers. obs.). Mortality from vehicle and/or train collisions, and the 

emission of artificial noise and light may also pose a threat (Gardner, 2013; BHP, 

2016). Numerous road mortalities have been reported over the past decade, and the 

medium to long term impacts on local bilby populations are unknown (DCCEEW, 

2023b). The small and fragmented nature of bilby subpopulations may reduce 

population resilience and genetic fitness, enhancing susceptibility to local extinction 

(DCCEEW, 2023b). Importantly, there are significant and complex interactions 

between threats (e.g., introduced predators, grazing pressure and fire; McGregor et 

al., 2014), which require further evaluation (DCCEEW, 2023b). 

Until recently, knowledge regarding the status and ecology of bilbies in the north of 

WA was lacking, with studies limited to general and targeted survey work to establish 

bilby presence (Cramer et al., 2017). With intensifying pressure from key threats in the 

Pilbara, in particular the rapid growth of the mining industry over the past two decades 

(DPaW, 2017), a Pilbara Bilby Research Program (PBRP) was initiated by the then 

Department of Environment and Conservation [now the Department of Biodiversity, 

Conservation and Attractions (DBCA)] in 2011 (Marlow et al., 2011), supported by 

environmental offsets associated with resource development. 

To seek broad collaborative agreement on a bilby research agenda in the Pilbara, the 

then Department of Parks and Wildlife (now DBCA) hosted a workshop in October 

2013 to review existing knowledge and identify key research priorities to inform 

management, through a facilitated process involving scientists, environmental 

consultants, mining proponents and State and Federal government agencies (Cramer 

et al., 2017). As a result of the workshop five key areas or ‘themes’ for future research 

effort were identified and ranked according to priority (Cramer et al., 2017): 
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1. Refine survey methods. 

2. Improve understanding of habitat use. 

3. Improve understanding of the genetic structure of bilby populations. 

4. Improve understanding of the threats posed by introduced predators and 

herbivores. 

5. Improve understanding of how fire regimes affect bilby conservation. 

In partnership with universities and other stakeholders, including environmental 

consultancies, CSIRO and traditional owners, DBCA (i.e., the Biodiversity and 

Conservation Science – Bilby Research Program) has been conducting bilby research 

focusing on the five key areas identified above.  

Additionally, as part of a broader collaboration, an Interim Conservation Plan was 

prepared (superseding the draft recovery plan; Pavey, 2006), with input from DBCA 

staff, to promote an integrated approach to conservation planning and guide the 

implementation of recovery actions for bilby conservation across Australia (Bradley et 

al., 2015). The National Bilby Recovery Team, with membership including DBCA, was 

also re-established and the National Recovery Plan for the Greater Bilby was finalised 

in 2023 (DCCEEW, 2023b). A summary of published research and other outputs from 

the PBRP are provided in Appendix 1. 

This review summarises the progress made by DBCA, and partners, against the five 

key research areas between 2013 and 2023 and provides recommendations to guide 

future research and the ongoing conservation management of the bilby in the Pilbara. 
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2 Refine survey methods 

2.1 Context 

The bilby is difficult to monitor in the wild given the species’ cryptic and trap-shy nature 

(Dziminski et al., 2020b). Bilbies are nocturnal and generally solitary (Bradley et al., 

2015), with reported low site fidelity and high mobility in males (Southgate et al., 2007), 

making direct observation difficult and the monitoring of individuals and populations a 

challenge (Cramer et al., 2017). Population surveys have typically relied upon the 

detection of bilby sign (i.e., tracks, scats, and diggings) to determine bilby 

presence/absence (Moseby et al., 2011), with repeat sampling recommended (within 

1-3 months) to provide unbiased estimates of occupancy (Southgate et al., 2019). 

Burrows are not a reliable indicator of bilby presence unless accompanied by verified 

evidence of fresh bilby sign (Southgate et al., 2019). Additionally, because bilbies often 

use numerous burrows, and reuse and create new burrows at any time, the 

relationship between bilby abundance and burrows is unreliable (Lavery and 

Kirkpatrick, 1997; Moseby and O’Donnell, 2003), though McRae (2004) used surveys 

of burrows to estimate bilby population size in more open habitats in Queensland.  

While remote sensor camera traps can be useful for confirming bilby presence (which 

normally can be immediately achieved by observation of verified sign; Southgate et 

al., 2019), bilbies do not have unique markings that can be used to identify individuals 

and then estimate abundance. Supplementary methods including cage traps have 

been used with limited success, as bilbies are reluctant to enter free-standing traps 

and are not reliably attracted to baits (Southgate et al., 1995).  

At the 2013 workshop, it was recognised that there was no reliable method to 

adequately measure bilby abundance and the need to develop and implement an 

efficient, cost-effective, and unbiased population monitoring technique was identified 

(Cramer et al., 2017). The need for broad-scale remote survey techniques was also 

recognised. 

2.2 Improve methods to quantify bilby abundance 

In 2014, a new population abundance monitoring technique combining scat collection 

and the use of molecular markers to identify individuals from DNA extracted from scats 

was developed and trialled at Matuwa in the Goldfields and Pardoo in the Pilbara 

(Dziminski and Carpenter, 2014). Briefly, this technique involves extracting DNA from 

georeferenced bilby scats (ideally up to 14 days old; Carpenter and Dziminski, 2017) 

to genotype individuals using polymorphic microsatellite loci (Moritz et al., 1997; Smith 

et al., 2009). Following initial field trials, the technique was fine-tuned to optimise DNA 

preservation, extraction and amplification (Carpenter and Dziminski, 2017). To assess 

the accuracy in estimating numbers of individuals within populations, this technique 

was calibrated in 2017 (Dziminski and Carpenter, 2018). Field sampling undertaken 

at Mount Gibson Wildlife Sanctuary using a known reintroduced founding population, 

resulted in an average genotyping success rate of 67%, which is considered high 

(Dziminski and Carpenter, 2017). Using spatially explicit capture-recapture (SECR) 

modelling, the density and number of bilbies were estimated using two models, with 
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similar results, confirming that the abundance monitoring technique is reliable 

(Dziminski and Carpenter, 2017). Recent updates to the genetic methodology have 

included the use of single nucleotide polymorphism (SNP) markers to enable high-

throughput automated sample genotyping (see Section 4.2).  

This non-invasive monitoring technique can also provide information about the genetic 

relatedness of individuals and their relationship/connectivity with other populations 

(see Section 4) (Dziminski et al., 2020b). For example, individuals injured or killed by 

mining vehicles were able to be traced to their source population (M. Dziminski, pers. 

comm.). We now know that bilby sub-populations within the Pilbara are geographically 

isolated and comprise a small number of individuals (Dziminski et al., 2020b). Scat 

DNA-based abundance monitoring has since been implemented by DBCA and other 

agencies as a standard population monitoring technique to reliably quantify bilby 

abundance within the Pilbara and other regions including the Dampier Peninsula 

(Dziminski and van Leeuwen, 2019), La Grange (DBCA, 2018) and Fitzroy River 

Catchment regions (DBCA, 2021a) in the Kimberley, Kiwirrkurra in the Gibson Desert 

(Dziminski and Carpenter, 2019), and Matuwa in central WA (Dziminski et al., 2020b; 

Lohr et al., 2021). Population monitoring in the Pilbara, Kimberley and central desert 

regions indicates that wild bilby populations are small, comprising roughly 2-15 

individuals (DBCA, 2018; Dziminski et al., 2020b; DBCA, 2021a). While most 

populations within the La Grange region are comparable in size, the Anna Plains 

population was unusually large, with an estimated population size of 44 individuals; 

the largest naturally occurring wild bilby population recorded in WA (DBCA, 2018).  

Using this technique, eight wild Pilbara populations were monitored between 2013 and 

2018 (Dziminski et al., 2020b) and monitoring is ongoing on the Coongan Pastoral 

Station in the vicinity of the Warralong Community (DBCA, 2023a). An information 

sheet outlining the abundance monitoring protocol was also produced (Dziminski and 

Carpenter, 2021) and the technique has been adopted and used by various 

environmental consultants in the Pilbara and other areas across the state. 

2.3 Establish clear survey guidelines and protocols 

To promote standardised and comparable best practice occupancy survey techniques, 

a set of interim guidelines (Appendix 2 and 3; Dziminski and Carpenter, 2017) and a 

protocol for assessing potential bilby activity and verifying bilby presence from sign 

(Southgate et al., 2019) were published. In 2017, a final set of best practice survey 

guidelines (superseding Appendix 2 and 3), compatible with techniques used 

nationally, were published by DBCA in association with Richard Southgate (Envisage 

Environmental) and Mike Bamford (Bamford Consulting Ecologists) (DBCA, 2017). 

The 2-ha plot method (see Moseby et al., 2011) devised by Southgate et al. (2005) 

and Southgate and Moseby (2008), and subsequently modified by Dziminski and 

Carpenter (2017) and Southgate et al. (2019), has been the most efficient on-ground 

method for determining bilby presence/absence and occupancy without the use of 

aircraft (Dziminski and Carpenter, 2018).  

With input from bilby experts and Indigenous ranger groups conducting surveys across 

Australia, a standardised mobile data app (CreativityCorp Pty Ltd) and a 2-ha sign plot 
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datasheet (Appendix 4) were also developed by DBCA in 2017 (Dziminski and 

Carpenter, 2018). The standardised 2-ha sign plot technique has been broadly 

implemented in parts of arid and semi-arid Australia (e.g., Kimberley region; DBCA, 

2021a), enabling the collection of systematically quantified and comparable data. 

Guidelines based on best-practice techniques used within WA and nationally were 

also drafted for (1) ‘pre-clearing searches to locate resident bilbies’ (Box 1; Appendix 

5) and (2) ‘relocation of bilbies prior to vegetation clearing’ (Box 2; Appendix 5) 

(Dziminski and Carpenter, 2018); these protocols have since been implemented in the 

field by other organisations (e.g., Turpin and Riley, 2020). The data sheet and 

technique were recently adopted by the NESP Threatened Species Recovery Hub’s 

Arid Zone Monitoring Project (Indigo et al., 2021). 

2.4 Implement broad-scale survey techniques 

Surveying for bilby presence typically involves searching 2-ha plots on foot for bilby 

sign. This method, however, is labour intensive and has some limitations within the 

Pilbara including: 

• A reliance upon the detection of scats and diggings (specifically multiple 

diggings into the base of Acacia shrubs where root-dwelling larvae are 

accessed; Southgate et al., 2019), in preference to tracks, to provide definitive 

evidence of bilby presence due to harder surface substrates and the presence 

of leaf litter in the Pilbara (Cramer et al., 2017); though clear track imprints of 

the front and hind feet (see Moseby et al., 2011; Southgate et al., 2019) can be 

used individually, or in combination with scats/diggings, to confirm bilby 

presence (Southgate et al., 2019). Gait pattern alone is not sufficient to verify 

presence (similar to rabbits; Southgate et al., 2019).  

• The placement of survey plots has largely been restricted to areas adjacent to 

roads or tracks due to access limitations on foot (Dziminski et al., 2020b). 

• This technique only provides presence/absence data and not information about 

the number of individuals within populations (Dziminski et al., 2020b). 

• Populations shift over time (e.g., DBCA, 2023a), which can be challenging for 

long-term population monitoring (Cramer et al., 2017).  

To establish plot surveys in areas inaccessible by foot and to increase the number of 

plots surveyed per trip, DBCA incorporated the use of all-terrain vehicles (ATV) in 2015 

(Dziminski and Carpenter, 2016). ATVs have since complimented standard monitoring 

on foot at various sites (e.g., Warralong; Dziminski et al., 2019). Surveying on 

horseback was trialled at Matuwa where bilbies were translocated (Burrows et al., 

2012) but can be logistically challenging, requiring a quarantine period to prevent the 

spread of weeds via horse manure. 

To implement monitoring on a much broader scale, a variety of remote sensing 

techniques were evaluated. The use of Remotely Piloted Aircraft (RPA: drone or 

unmanned aerial vehicle) fitted with real-time video imagery to detect bilby sign along 

a pre-plotted course were investigated (Dziminski and Carpenter, 2014). Trials using 

artificially constructed bilby burrows were conducted in Perth in 2014 (Dziminski and 

Carpenter, 2014). Subsequent field trials (to detect burrows and diggings) were 
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undertaken at Matuwa in 2015 in recently burnt and unburnt areas where bilbies were 

known to be present (Dziminski and Carpenter, 2016). Burrows and diggings were 

readily identified in recently burnt areas, whereas only burrows were detected in 

unburnt areas. In 2016, trials were extended to the Pilbara, investigating the effect of 

altitude, camera angle and speed on the detectability of bilby sign (Dziminski et al., 

2017). Detection of burrows was difficult as they were often obscured by vegetation, 

however diggings were more numerous, prominent and easier to observe, particularly 

at lower altitude and speed; detection was greatest around midday due to less 

shadows from vegetation. Battery life of the RPA currently limits the distance that can 

be traversed and ground-truthing of both positive and non-detections is required to 

determine false positive and false negative error rates (Dziminski et al., 2017; 

Southgate et al., 2019). While refinement of this method is ongoing, the use of RPAs 

may enable more efficient and cost-effective targeted surveys to be undertaken in 

previously inaccessible areas of the Pilbara (Dziminski et al., 2017). Helicopter 

surveys using skilled observers remains an efficient way to monitor bilby 

presence/absence and occupancy (Southgate et al., 2005). 

A trial using light detection and ranging (LiDAR) showed that a 30 cm resolution was 

not high enough to detect burrows when flown over an area with bilby burrows at 

Kintyre, east of the Pilbara (M. Dziminski, pers. comm.). Higher resolution trials may 

be worth pursuing. Thermal imaging has been used in very open habitats such as in 

SW Queensland (Augusteyn et al., 2020), however high vegetation cover in the Pilbara 

may render this technique unsuitable. 

Table 1 below provides a summary of recommended survey and monitoring 

approaches based on the learnings to date and discussed above. This information 

should be considered alongside the advice provided in Southgate et al. (2019) that 

implicitly discusses the use of sign-based protocols to verify bilby presence.  

Table 1 Recommended survey and monitoring techniques specific to bilbies (Macrotis 

lagotis).  

Survey type Recommended 

techniques 

Advantages (+) and 

disadvantages (-) 

References 

Bilby 

presence/absence 

• Helicopter or drone 

survey with ground 

truthing 

• 2-ha sign plots (foot, 

vehicle or ATV) 

+ Rapid assessment 

- No measure of population 

trends over time 

- Accuracy may be poor 

because of non-detection 

or misidentification 

Southgate et al. 

(2005); 

Southgate and 

Moseby (2008); 

Moseby et al. 

(2011); DBCA 

(2017b) 

Bilby occupancy  • 2-ha sign plots (4 

resurveys within a 

season recommended) 

• Access on foot, ATV, 

vehicle or helicopter 

+ Comparable data with 

error (trends) 

+ Landscape scale/large 

areas 

Southgate et al. 

(2019) 
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Survey type Recommended 

techniques 

Advantages (+) and 

disadvantages (-) 

References 

+ Accounts for the 

influence of variable 

detection rate 

- Resurveys require repeat 

visits 

- Sensitive to small sample 

size 

Bilby abundance  • Scat DNA monitoring 

of discrete populations 

• Scat DNA survey 

subsampling 

contiguously occupied 

area 

+ Comparable data with 

error (trends) 

+ Faster detection of 

response of population 

(e.g., after management) 

than occupancy 

+ DNA available for other 

investigations (e.g., 

relatedness of populations) 

- Fine scale 

- Sensitive to small sample 

size 

Dziminski et al. 

(2020b) 

 

2.5 Outcomes 

• A non-invasive, scat DNA-based abundance monitoring technique was developed 

and optimised to reliably measure bilby abundance within defined populations 

(Dziminski et al., 2020b) and can also be used to evaluate genetic structure and 

gene flow at the landscape scale. 

• Guidelines for surveys to detect the presence of bilbies and assess the importance 

of habitat in WA were published (DBCA, 2017). 

• A protocol for assessing potential bilby activity and verifying bilby presence from 

sign was established (Southgate et al., 2019) to promote standardised best 

practice occupancy survey techniques. 

• A standardised mobile data app and a 2-ha sign plot datasheet were developed 

and broadly implemented in parts of arid and semi-arid Australia, enabling the 

collection of systematically quantified and comparable data. 

• Remotely piloted aircraft was trialled as a potential broad-scale monitoring tool in 

the Pilbara, though the application of this approach is currently limited by the 

battery life of the aircraft. 
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3 Improve understanding of habitat use 

3.1 Context 

In northern WA, bilbies inhabit a wide range of substrate and vegetation types, 

including residual, fluvial and sand plain landforms with typically low shrub cover of 

Acacia spp. with hummock (Triodia spp.) and tussock grasses (Cramer et al., 2017). 

The presence of soil substrate suitable for burrow construction is critical (Dziminski 

and Carpenter, 2016). Bilbies are omnivores with an opportunistic dietary strategy and 

exploit a wide range of food types including invertebrates and their eggs/larvae, and 

seeds, bulbs, roots, fungi, and fruit (Southgate, 1990; Gibson, 2001; Johnson, 2008).  

In the Pilbara, local-scale studies to determine habitat use and evaluate the diet of 

bilbies were lacking. It was unknown whether substrate and landform type or diet 

composition and food availability in the Pilbara reflected habitat suitability as per the 

conceptual model developed by Cramer et al. (2017). While bilbies can respond to 

spatial and temporal changes in food availability (Gibson and Hume, 2004), 

capitalising upon rare, patchily distributed and/or seasonally abundant food items due 

to their high mobility and opportunistic dietary strategy (Gibson, 2001; Southgate et 

al., 2007), it was not known how bilbies respond to fluctuations in resource availability 

in the Pilbara (Cramer et al., 2017). 

To determine the effect of substrate type and food availability on habitat suitability it 

was acknowledged that stratified and recurrent sampling between various habitat 

types was needed to verify bilby occupancy and site fidelity, in conjunction with 

analysis of faecal contents to evaluate diet (Cramer et al., 2017). Identifying core bilby 

habitat within the Pilbara is necessary to implement targeted conservation and 

management effort (Cramer et al., 2017).  

3.2 Increase knowledge of the distribution of the bilby within 
the Pilbara 

To better understand the distribution of bilbies in the Pilbara, in 2013, DBCA began 

collating recent and historic records of bilby presence (Dziminski and Carpenter, 

2014). In 2014, an online user-contributable data entry site was developed and 

implemented by DBCA, accessible through NatureMap (M. Dziminski pers. comm.). 

The ‘Pilbara Threatened Fauna Database’ enabled users to upload records (e.g., 

observations of bilby sign or photographs) to complement existing locational records 

(see Dziminski et al., 2020c). An information poster (Appendix 6) describing how to 

identify bilbies and their sign was also produced and displayed strategically across the 

Pilbara (e.g., at tourist information centres and mine sites) to encourage the 

submission of records from the public (Dziminski and Carpenter, 2014).  

By 2020, sufficient recent and historic bilby records (4386 in total between 1899-2019) 

had been compiled to enable an assessment of the distribution of the bilby in the 

Pilbara (Figure 1; Dziminski et al., 2020c). Reliably documenting their extent of 

occurrence enables informed and evidence-based environmental impact assessments 

and management decisions, and highlights areas where future targeted surveys can 
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be undertaken to confirm the absence of the species (Dziminski et al., 2020c). 

Currently, there are few conservation reserves within the bilby’s established range and 

most populations are located on mining tenements or pastoral land (Cramer et al., 

2017; Dziminski et al., 2020c). 

 

Figure 1 Range of the bilby (Macrotis lagotis) within the Pilbara region, WA (from 

Dziminski et al., 2020c). 

3.3 Identify important resources within the Pilbara 

Surveying for the presence/absence of bilbies using the 2-ha plot method in 

conjunction with the distributional records described above, has enabled DBCA to 

collect valuable ecological data and better understand the habitat requirements of the 

bilby in the Pilbara. A correlation between bilby presence and sand, sandy clay, or 

sandy gravel substrates suitable for burrowing was identified (Dziminski and 

Carpenter, 2016). Notably, an association with particular Acacia species was also 

found, where Acacia stands provide a major food resource, cossid moth larvae 

(grubs), from their root systems (Southgate et al., 2019). Acacia bivenosa, A. colei, A. 

dictyophleba, A. melleodora, A. stellaticeps and A. trachycarpa [including dwarf variant 
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described in Maslin et al. (2010)] are all known to host root-dwelling (Cossidae) insect 

larvae in the Pilbara (Southgate et al., 2019). Associations with other plant species 

(e.g., Senna notabilis) were also identified (Southgate et al., 2019). 

Using presence data, DBCA commenced habitat modelling in 2017 using physical 

habitat characteristics (i.e., topography, geology and soil properties). Preliminary 

results identified elevation, and soil type and depth as key predictor variables 

contributing to habitat suitability for the bilby (Dziminski and Carpenter, 2017). 

Southgate et al. (2019) recommended that ‘residual landforms (e.g., laterite rises) and 

habitat types where shrubs containing root-dwelling larvae are common; loamy or 

sandy soils associated with palaeodrainage lines and perched drainage lines that often 

harbour Cyperus bulbosus; and, sand plain and dune fields’ be included (as a 

minimum) during stratified occupancy sampling. 

Using mortality and demographic data obtained from the literature, population viability 

analysis (PVA) was conducted to determine the area of suitable bilby habitat (for a 

potential reserve) required to support a self-sustaining population of bilbies without 

management intervention. Results suggest that a minimum land area of about 50,000 

ha is necessary to support a viable population with a low probability (< 0.1) of extinction 

over 100 years (Dziminski et al., 2012).  

3.3.1 Diet 

In 2021, dietary analysis of 144 scats collected from 17 populations across WA 

(including the Pilbara) was completed (M. Dziminski pers. comm.). Preliminary results 

(R. Southgate, unpubl.) confirmed cossid moth larvae were common in the diet of 

Pilbara bilbies, and the ratio of invertebrate to plant material was higher in Pilbara 

populations compared to Kimberley populations. Sampled plots were also scored for 

the food sources bilbies were targeting (when they could be identified). 

3.4 Outcomes 

• Improved understanding of the distribution of the bilby in the Pilbara. 

• A greater understanding of the land area required to support a viable population of 

bilbies in the Pilbara. 

• Improved understanding of what resources are important to bilbies within the 

Pilbara i.e., Acacia spp. that provide important food resources in the form of root-

dwelling larvae. 

• Preliminary analyses of the diet of bilbies confirmed the importance of cossid moth 

larvae. 
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4 Improve understanding of the genetic structure 
of bilby populations 

4.1 Context 

Given the species’ trap-shy nature, and difficulty undertaking regular, population-wide 

sampling (Smith et al., 2009), knowledge regarding bilby population dynamics was 

limited, with information regarding the genetic structure within and between 

populations restricted to a handful of studies. Early research by Southgate and Adams 

(1994) utilised allozyme electrophoresis of blood samples to assess the taxonomic 

status and genetic diversity within the Qld, NT and WA sub-populations; noting that all 

populations were genetically similar. A subsequent more detailed evaluation 

incorporating mitochondrial DNA (mtDNA) and microsatellite loci sequencing from (the 

above) blood and (additional) tissue samples, detected the presence of two unique 

and divergent mtDNA lineages in the Qld population (Moritz et al., 1997). As such, 

Moritz et al. (1997) concluded that ‘the bilby should be considered as a single 

evolutionary significant unit consisting of multiple management units.’ More recently 

however, Smith et al. (2009) used faecal DNA to generate population-level estimates 

of mtDNA and microsatellite diversity across three Qld sub-populations, revealing that 

the Qld population was not genetically distinct from the WA and NT populations.  

As separately managing populations may increase the likelihood of extinction through 

demographic and genetic processes (Weeks et al., 2016) and natural admixture is 

likely to occur between the populations in the western deserts of the NT and WA 

(Bradley et al., 2015), there was support for a nation-wide management approach. To 

provide insurance against extinction in the wild, the need to maintain a sufficiently 

large, interconnected and genetically diverse bilby meta-population was identified 

(DCCEEW, 2023b). The development of a ‘single overarching adaptive meta-

population management plan, acknowledging one national genetic management unit, 

by 2016’ was advocated as a priority goal at the 2015 Greater Bilby Recovery Summit 

(Bradley et al., 2015). In 2016, captive populations managed by the Zoo and Aquarium 

Association Australasia were amalgamated and have since been managed as a single 

meta-population, rather than separate (WA/NT and Qld) management units (Brandies, 

2021). A meta-population management plan, which acknowledges one national 

genetic management unit is currently being drafted (DCCEEW, 2023b). 

Recognising that the genetic diversity within and between remnant populations in WA 

was largely unknown, the need to better understand how populations are structured 

genetically and mechanisms by which dispersal influences genetic structure and gene 

flow at the landscape scale was identified at the 2013 workshop (Cramer et al., 2017). 

While the key to maximising genetic differentiation within populations is dispersal 

(Dieckmann et al., 1999), this can be challenging for patchily distributed species 

inhabiting fragmented landscapes such as the Pilbara. In the absence of long-term, 

intensive, landscape-scale demographic studies to track individuals and determine the 

spatial or temporal extent of dispersal, the use of non-invasive molecular genetic 

techniques (i.e., genetic identification through scat or hair analyses, for example Smith 

et al., 2009), offers an alternative approach for evaluating the genetic structure of the 
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WA bilby population (Bradley et al., 2015; DPaW, 2017). To better understand and 

maximise the ‘genetic health’ of the bilby population in WA, research to enhance the 

preservation, extraction and amplification of faecal DNA was recommended (Cramer 

et al., 2017).  

4.2 Refinement of a scat-based molecular toolkit 

As discussed in Section 2.2, DBCA developed a scat-based molecular monitoring 

technique, capable of genotyping individuals using polymorphic microsatellite loci 

(Carpenter and Dziminski, 2017). This non-invasive method of obtaining DNA has the 

potential to enhance our understanding of bilby population dynamics within the Pilbara 

and across other regions of WA and Australia as a whole (Carpenter and Dziminski, 

2017). More detailed analysis of the data for example, can determine how bilby 

populations are structured genetically, including the relatedness of individuals within 

a population and gene flow between populations (Dziminski et al., 2019).  

The University of Sydney in collaboration with DBCA, have recently generated a high-

quality reference genome for the greater (and lesser; M. leucura) bilby (Brandies, 

2021; C. Hogg pers. comm.). Using representative tissue samples collected from 

every fenced bilby population across Australia (i.e., 18 contemporary fenced and 

captive sites including AWC sites, island populations and zoo/wildlife facilities), the 

greater bilby reference genome combined with whole genome resequencing (WGR) 

and reduced representation sequencing (RRS, specifically DArTseq 

https://www.diversityarrays.com/) data was used to characterise genome-wide 

diversity across the national bilby meta-population managed under the National Bilby 

Recovery Plan (Brandies, 2021; C. Hogg pers. comm.).  

A small number of ear tissue (n = 9) and scat (n = 13) samples from wild bilby 

populations in the Pilbara were also analysed for comparison (Brandies, 2021). 

Analysis of scat samples from the Pilbara had a reduced success rate compared to 

tissue samples (53.5% vs 86.5%, respectively) but demonstrated that RRS data 

obtained from scats could provide an effective genetic monitoring tool. The Pilbara 

population exhibited low levels of genetic diversity relative to the managed populations 

(SNP HE = 0.16) and high levels of inbreeding (FIS = 0.205), though relatedness was 

low (0.19) (Brandies, 2021). These results likely reflect the reduced range, low density 

and isolated nature of bilby populations within the Pilbara (Dziminski et al., 2020b; 

2020c), although further comparison with other wild populations would place the 

Pilbara population in appropriate context.  

DArT sequencing data obtained from Brandies (2021) was used as the basis to 

develop an individual-based SNP array for repeatable genotyping of bilby scats on the 

MassArray automated SNP genotyping platform (R. Sun pers. comm.). This 

methodology is now being implemented in monitoring projects in WA (e.g., DBCA, 

2023a; Moore et al., 2023) and the NT (H. Geyle pers. comm.) as a replacement of 

the microsatellite-based approach developed by Dziminski et al. (2020b). In 

collaboration with staff from DBCA, Brandies (2021) also developed a suite of sex-

linked markers, which have since been included in the bilby SNP array to routinely 

identify individuals and their sex from scats in one assay (K. Ottewell pers. comm.). 

https://www.diversityarrays.com/
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DBCA has also developed a qPCR assay to quantitate bilby scat DNA post-extraction 

to improve the efficiency of scat genotyping, i.e., only samples that are shown to have 

sufficient DNA for analysis are sent to the SNP genotyping provider, reducing the 

analysis costs associated with this survey method (K. Ottewell, pers. comm.). DBCA 

are currently using SNP genotypes to identify individuals, their sex and kinship 

patterns. Individual genetic ‘capture’ records are entered into a georeferenced 

database to examine individual movement patterns through space and time. 

Associated kinship estimates may be used to infer dispersal of individuals and their 

descendants.  

As SNP genotypes accumulate from projects in the Pilbara, and elsewhere in WA and 

the NT, broader analyses of the genetic relationships amongst regional populations 

can be undertaken (K. Ottewell pers. comm.). The bilby MassArray SNP genotyping 

panel was designed to be applicable across the bilby meta-population, however, is 

limited in the number of markers (37 loci). Population genetic analyses across the 

broader wild population may benefit from the use of an alternative methodology (e.g., 

DArTcap, Feutry et al., 2020; Hohwieler et al., 2022) that yields many more markers 

to detect subtle patterns of population structure. Such an analysis may benefit from 

inclusion of putative functional genetic markers as identified in Brandies (2021), in 

addition to neutral genetic markers, to better understand patterns of adaptation across 

the species range. Importantly, with a refined and repeatable extraction protocol and 

analysis method for bilby scat DNA now available, nation-wide population genetic 

analyses can be undertaken.  

4.3 Outcomes 

• Entire [greater (M. lagotis) and lesser (M. leucura)] bilby reference genome 

sequenced as a part of a broader collaboration. 

• Identification of sex-linked markers to identify sex of unknown samples (scats and 

tissues). 

• Identification of putatively functional genetic markers from RRS data. 

• Development of a scat DNA based molecular toolkit, allowing for identification of 

individual bilbies and their sex. 

• Establishment of a georeferenced and time-stamped database of individual bilby 

genetic captures to enable tracking of individuals through space and time. 
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5 Improve understanding of the threat posed by 
introduced predators and herbivores 

5.1 Context 

5.1.1 Introduced predators 

Introduced predators and herbivores have played a principal role in the decline and 

extinction of Australia’s terrestrial mammal fauna, including the bilby (Woinarski et al., 

2015). Predation by the European red fox is considered the primary factor contributing 

to the dramatic decline of the bilby in south-western Australia during the mid-1900’s 

(Abbott, 2001). Fox presence is negatively correlated with bilby presence (Southgate, 

1990) and bilbies are at greatest risk when foxes become well established in the 

landscape (DCCEEW, 2023b). While there is little overlap between the current 

distribution of the red fox and bilby in northern WA (Bradley et al., 2015), foxes occur 

throughout the western deserts (Cramer et al., 2017), and they are present in the 

Fitzroy and Ord Valleys of the Kimberley in low numbers (King and Smith 1985). Foxes 

were detected at three bilby sites in the Fitzroy River catchment in 2020, confirming 

their continued presence in the north of WA (DBCA, 2021a). Within the Pilbara, foxes 

are largely restricted to the coastal fringe and hinterland plains but extend further 

inland along major drainage lines (King and Smith, 1985; DPaW, 2017; Turpin and 

Riley, 2020). A fox was detected, for example, in the sandplain habitat in the vicinity 

of the Warralong Community west of the Coongan River (~70 km inland) (DBCA, 

2021b). Foxes have also been seen at Nullagine and Marble Bar. 

Feral cats co-occur with and prey on bilbies (McRae, 2004; Bradley et al., 2015). Feral 

cat predation can limit or extirpate local bilby populations (Woinarski et al., 2014), but 

it does appear that bilbies are resilient to some level of feral cat presence (DBCA, 

2021a). Feral cats are widespread across the Pilbara with CSIRO modelling indicating 

that without management intervention, 25% of conservation significant species, 

including the bilby, may be functionally lost from the region within 20 years 

(Carwardine et al., 2014). As juvenile bilbies are likely to be targeted in preference to 

adults, recruitment may be negatively impacted (DBCA, 2021a). 

The threat from other predators in the Pilbara, including dingoes (Canis familiaris) is 

unknown. As the distribution of dingoes and bilbies has overlapped for thousands of 

years, dingoes are considered a naturalised predator (Dawson, 2017). Bilbies have 

been shown to exhibit antipredator behaviour towards dingoes (Steindler et al., 2018). 

While the interaction between bilbies, dingoes and other predators requires further 

evaluation, there is evidence to suggest that dingoes predate and competitively 

exclude cats and foxes (Southgate et al., 2007; Kennedy et al., 2012; Letnic et al., 

2012). While there was no evidence that occupancy of dingoes influenced bilby 

occupancy in the Fitzroy River catchment, feral cat occupancy tended to decrease 

with increasing dingo occupancy (DBCA, 2021a). Areas where bilbies are present in 

the Pilbara (non-rocky habitat) have also been found to have high feral cat occupancy 

(DBCA, 2021b), comparable to other areas where bilbies are present in the Kimberley 

(DBCA, 2021a). 
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5.1.2 Introduced herbivores 

Introduced herbivores (especially grazing livestock and the European rabbit) compete 

for resources with bilbies, degrade habitat and elevate predator densities (Bradley et 

al., 2015; Woinarski et al., 2015). Erosion, compaction, and de-vegetation of native 

habitat decreases the availability of food resources and burrow sites, while the 

establishment of artificial water points to support pastoralism and industry 

development, fragment bilby populations, enable predator expansion, and support 

higher introduced herbivore (and predator) numbers (McRae, 2004; Bradley et al., 

2015). The current distribution of the bilby across Australia is associated with low or 

absent stock/pastoralism and rabbits (Bradley et al., 2015). In the Pilbara, undisturbed 

habitat is scarce as over 60% is now pastoral land (primarily commercial cattle grazing) 

(DPaW, 2017). 

Morton (1990) proposed that the decline of medium-sized arid fauna, such as the bilby, 

could be attributed to their reliance on more productive substrate types which also 

attract introduced herbivores (i.e., the competitive refuge hypothesis). Although 

Southgate et al. (2007) found no relationship between substrate type, and the activity 

of introduced herbivores and bilby prevalence in the Tanami Desert. An examination 

of the patterns of contraction of the bilby in the NT post-1975 (McDonald et al., 2015) 

indicated bilbies were less likely to occur on land with a history of cattle grazing or with 

high rabbit densities. DBCA (2021a) reported a clear negative relationship between 

bilby and cattle occupancy in the Fitzroy River catchment in the Kimberley. Southgate 

(1990) also found bilby occurrence correlated with a low abundance of livestock. 

5.2 Threat monitoring and management 

At the time of the 2013 workshop, the impact of introduced predators and herbivores 

on bilbies in the Pilbara was poorly understood. To better understand the threats 

posed by feral cats and foxes, and inform effective introduced predator management, 

the need for manipulative, landscape-scale experiments in different habitat types and 

under various environmental conditions, and in the presence of dingoes, was identified 

(Cramer et al., 2017).  

In 2014, a bilby population was detected on the Coongan Pastoral Station by DBCA 

staff and Warralong community members (DBCA, 2021b). With ongoing evidence of 

bilby presence at this site (i.e., the Coongan colony) and an additional northern colony 

detected in 2018 (i.e., the River colony; Dziminski et al., 2019), a project to monitor 

and manage threats to this bilby population (i.e., Warralong population) was initiated 

in 2018 in collaboration with Roy Hill, CSIRO, Greening Australia, and the Warralong 

community (DBCA, 2021b). A fauna occupancy monitoring program was implemented 

to determine the effectiveness of predator and fire management to benefit bilbies. A 

~10,000 ha Bilby Land Management Area (BLMA) was established on the Coongan 

Pastoral Station (referred to as Warralong; Burrows, 2019). 

Research to determine the occupancy of feral predators and other fauna using 2-ha 

plot surveys and remote cameras was conducted before planned introduced predator 

and fire management began in 2019. Bilby abundance monitoring had already been 

conducted in 2016 and 2018 at the Coongan colony and in 2018 at the River colony 
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(Dziminski et al., 2019; 2020a). In 2019, feral cat occupancy was high [measured at 

0.79 (±0.19 SE) from sign plots and 0.92 (±0.07 SE) from remote cameras] and a 

single fox was identified (DBCA, 2021b). Due to the COVID19 Pandemic, cameras 

were not deployed in 2020 (Greening Australia, 2022) and feral predator management 

did not commence as planned. During fauna monitoring in 2021, only the River colony 

was found (DBCA, 2022). Feral cat occupancy remained high (0.80 from sign plots 

and 0.85 from cameras) and no foxes were detected (Greening Australia, 2022). Feral 

cat occupancy was higher within the Warralong BLMA when compared to the outside 

(Greening Australia, 2022). Similarly high feral cat occupancy rates have been 

reported during occupancy monitoring using remote cameras at other sites in northern 

WA [e.g., 0.8 (± 0.1 SE; across all sites combined) on the Dampier Peninsula; DBCA, 

2021a]. 

Eradicat® baits were aerially deployed within the BLMA in June 2022 (DBCA, 2023a). 

Follow-up surveys to estimate feral cat occupancy and bilby abundance were carried 

out between September and November 2022 (DBCA, 2023a). Preliminary results 

indicate Eradicat® baiting did not have a significant effect on feral cat occupancy 

(measured using camera trap and sign plot data) or the feral cat detection rate (DBCA, 

2023b). Bilby abundance (determined using scat genotyping and SECR) could not be 

estimated for the River colony due to the low number (n = 6) of successfully genotyped 

scat samples. An abundance estimate of five individuals (range 2-12 from n = 24 

genotyped scat samples) was derived for the Coongan colony (located again in 2022), 

indicating that the population had increased by one individual since 2019 (DBCA, 

2023a). 

As part of the fauna occupancy monitoring program at Warralong, introduced 

herbivores were monitored using remote cameras and sign plots (DBCA, 2021b). 

Cattle (Bos taurus) occupancy derived from remote cameras was very high [0.94 

(±0.05 SE) to 1], with up to 100% occupancy within and outside the BLMA. Sign plot 

occupancy was also high [0.73 (±0.09 SE) to 1]. Occupancy of horses (Equus ferus) 

and camels (Camelus dromedarius) was lower; donkeys (Equus asinus) were only 

identified on plots (DBCA, 2021b).  

5.3 Outcomes 

• A threat management program targeting introduced predators and fire has been 

initiated on the Coongan Pastoral Station (Warralong) to benefit the local bilby 

population under an adaptive management framework. 

• Aerial application of Eradicat® baiting commenced at Warralong to manage feral 

cats (also targets foxes). 

• A bilby abundance monitoring program has been established at Warralong to 

measure management effectiveness, concurrent with occupancy monitoring of 

introduced predators and herbivores. 

• The local Indigenous community at Warralong have been engaged in bilby 

monitoring.  
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6 Improve understanding of how fire regimes 
affect bilby conservation 

6.1 Context 

The loss of Aboriginal burning practices since European colonisation resulting in 

frequent, large and high intensity fires has likely contributed to the decline of small to 

medium-sized mammal populations in northern Australia (Lawes et al., 2015; Santos 

et al., 2022). Within the Pilbara, many plant species are adapted to fire, requiring fire 

as part of their life cycle (DPaW, 2017), however altered fire regimes in conjunction 

with other landscape-scale changes (e.g., pastoralism; Woinarski et al., 2011) has 

increased the risk of wildfires burning vast areas of habitat. In addition to the direct 

impacts on wildlife, reduced vegetation cover post-burn can reduce food availability 

and enhance predation pressure. Feral cats for example, have shown a preference for 

sites recently subject to intense fire in the north of WA (McGregor et al., 2014), 

travelling large distances to hunt (McGregor et al., 2016). 

Bilbies are known to inhabit areas of various fire age stages including recently burnt 

and long-unburnt vegetation (Southgate, 1990). In the Tanami Desert, bilbies have 

been associated with recently burnt areas, probably due to the availability of fire-

promoted food plants (Southgate et al., 2007). In the Pilbara, evidence of bilby foraging 

activity (i.e., scratchings and diggings) was detected in areas of limited vegetation 

cover, six months after fire (Thompson and Thompson, 2008). Habitat suitability may 

depend on the effects of individual fire events and the quantitative impact of fire 

frequency (Cramer et al., 2017). Unmanaged fire is believed to have caused the local 

extinction of two Pilbara bilby populations at Pardoo and McPhee Creek (Dziminski et 

al., 2020b). In both cases, large-scale, hot fires destroyed the majority of suitable bilby 

habitat, and it was postulated that limited food resources and increased predation risk 

post-fire lead to the extirpation of these populations (Dziminski et al., 2020b).  

Given the small size and geographical isolation of bilby populations within the Pilbara, 

they are highly vulnerable to the impacts of fire (Dziminski et al., 2020b). Lack of fire 

may also reduce habitat suitability, with high density vegetation becoming largely 

impenetrable to bilbies (Bradley et al., 2015). Prioritising fire management to mitigate 

the risk of large-scale intensive wildfires and promote fire age heterogeneity is 

therefore a vital component of managing habitat for bilbies and preventing further loss 

of populations. Smaller, more frequent fires that create a mosaic of fuel ages, in 

conjunction with strategic firebreaks are recommended to increase habitat and 

resource diversity for bilbies (Southgate and Carthew, 2006).  

Limited fire research in relation to bilbies has been conducted in the Pilbara. While the 

presence of food-producing plant species is important, knowledge of how 

contemporary burning regimes impact these resources is lacking and the point at 

which the prevalence and persistence of the bilby is impacted by a fire mosaic is 

unknown (Cramer et al., 2017). Specifically, the need to improve understanding of how 

particular fire regimes impact habitat suitability and food production for the bilby in the 

Pilbara was identified, in combination with the interactive effects of predation by 
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introduced predators and total grazing pressure (Cramer et al., 2017). Consideration 

should also be given as to how climate change is likely to impact prescribed burning 

practices within the Pilbara in the future. 

6.2 Fire management at known bilby sites 

In 2017, a fire management plan was developed and implemented with the support of 

Millennium Minerals to protect the Nullagine bilby population from large, hot wildfires. 

Controlled burning of 27.5 ha was carried out, and mineral earth fire breaks and 

grading tracks were created to protect known bilby habitat (Dziminski and Carpenter, 

2018). While future management aimed to create a fire mosaic within the protected 

area and conduct introduced predator control, no further management was 

implemented at this site (M. Dziminski pers. comm.). 

Similarly, to protect the BLMA at Warralong from large wildfires, the establishment of 

a firebreak was recommended (Burrows, 2019; Dziminski et al., 2019). In 2019, fire 

breaks were established using a grader with some burning conducted around the 

BLMA perimeter (H. Moore pers. comm.). As specified in the fire management plan 

for the Warralong Bilby Offset Project area (Burrows, 2019), buffer burning of the 

BLMA perimeter was a key fire management strategy. The establishment of firebreaks 

surrounding managed populations prevents large wildfires destroying habitat and food 

resources (Wright and Clark, 2007) and facilitating predator access (McGregor et al., 

2014). To produce fire age heterogeneity and potentially improve habitat and resource 

diversity for bilbies (Southgate and Carthew, 2006; 2007) ground-based (hand) patch 

mosaic burning under prescribed conditions was also advised (Burrows, 2019; 

Dziminski et al., 2019). A study on the Dampier Peninsula in the Kimberley 

investigating the multiscale impacts of fire attributes on bilbies indicated that fire 

frequency and extent of unburnt habitat (> 3 years) are important factors in predicting 

the presence of bilbies, with bilbies avoiding habitats with a limited proportion of 

unburnt habitat at a range of scales and areas experiencing more frequent fire (H. 

Moore pers. comm.).  

6.3 Outcomes 

• Fire management has commenced within the BLMA at Warralong to mitigate the 

risk of large-scale intensive wildfires under an adaptive management framework. 
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7 Future research directions 

To improve knowledge and enhance the conservation management of the bilby in the 

Pilbara, we propose a revised set of research priorities for the bilby (Table 2) based 

on our review of existing knowledge and progress made-to-date (Sections 2-6). 

Research priorities are ranked as high, medium or low, however a structured decision-

making process (e.g., Pritchard et al., 2022) would help to prioritise research topics 

within these groupings. 

Table 2 Research priorities for the bilby (Macrotis lagotis) in the Pilbara, ranked high, 

medium or low. 

Priority Research topic  Objective Outcome 

High Survey and 

monitoring – 

baseline occupancy 

survey of the 

Pilbara 

A baseline occupancy survey of bilbies 

in the Pilbara is lacking. Conduct a 

large-scale survey to compare bilby 

occupancy with other regions where this 

approach has been undertaken (e.g., 

Fitzroy River catchment) and establish a 

baseline to compare occupancy in the 

future. Selection of sites should include 

areas where there is a high level of 

uncertainty of bilby presence (e.g., zone 

B in Figure 1; Dziminski et al., 2020c). 

Estimates of bilby 

occupancy in the 

Pilbara will help to 

inform conservation 

planning including 

environmental impact 

assessments. 

 

High Survey and 

monitoring – 

establishment of 

long-term 

monitoring sites 

Based on the occupancy survey above, 

and previously monitored populations, 

establish long-term monitoring at 

selected populations, and resurvey at 

regular intervals, to better understand 

population trends and changes in 

distribution over time. Concurrent 

monitoring of introduced herbivores and 

predators, and habitat condition, would 

also enable the identification of potential 

factors influencing changes in bilby 

abundance and distribution. 

Improved 

understanding of 

long-term population 

trends of the bilby in 

the Pilbara to identify 

changes in 

conservation status, 

the potential 

cumulative effects of 

developments, and 

effectiveness of 

threat mitigation. 

High Habitat 

requirements – 

undertake habitat 

suitability modelling 

to identify important 

habitat 

Using both historical information and 

data collected from the occupancy 

survey above, produce a habitat 

suitability model to identify important 

bilby habitat. Combined with genetic 

data, population connectivity (gene flow) 

and genetic diversity hotspots across 

Identification of areas 

important for 

targeted 

conservation 

management to 

support bilbies in the 

Pilbara. 
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Priority Research topic  Objective Outcome 

the Pilbara could also be examined 

(e.g., Shaw et al., 2023). 

High Habitat 

requirements –

association of key 

food resources and 

fire 

Identify the association of root-dwelling 

invertebrate larvae favoured by bilbies 

with their host Acacia (or other) spp.  

and the relationship between these plant 

species and fire (e.g., re-seeders/re-

sprouters), including interactions with 

other flammable vegetation (e.g., 

Spinifex, buffel grass). This could also 

include other attributes such as rainfall. 

Fire management 

strategies that 

promote food 

resources for bilbies 

and 

maintain/promote 

suitable habitat. 

High Threat mitigation –

threat interactions 

and their 

management 

Better understand how multiple 

interacting threats influence bilby 

populations (e.g., introduced predators, 

grazing pressure and fire) by using 

established survey and monitoring 

protocols and a network of paired 

managed and unmanaged bilby 

populations. 

Effective integrated 

threat management 

to better protect 

bilbies. 

High Habitat 

requirements – 

influence of spatial 

and temporal fire 

attributes on bilby 

habitat 

Using existing information on the 

distribution of the bilby across the 

Pilbara, combined with satellite-derived 

spatially explicit fire data, investigate the 

influence of multi-scale fire attributes on 

bilby presence. This could be further 

refined following the baseline occupancy 

survey that would also include data on 

introduced predator and herbivore 

occupancy. 

Fire management 

strategies that 

promote/protect bilby 

habitat. 

Medium Threat mitigation – 

resilience of bilbies 

to feral cat 

density/activity 

thresholds 

Interrogate the survey and monitoring 

data to determine the density threshold 

of feral cats below which bilbies can 

persist to inform targeted feral cat 

management.  

Identification of a 

feral cat 

management 

strategy that 

facilitates the 

persistence of 

sustainable bilby 

populations. 

Medium Threat mitigation – 

cumulative impacts 

of mining 

Better understand the cumulative 

impacts of mining on bilby populations 

and habitat connectivity. 

Improved 

understanding of the 

influence of mining 
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Priority Research topic  Objective Outcome 

Identify potential barriers to gene flow 

such as railway lines and roads. 

disturbance and 

strategies to mitigate 

these. 

Medium Population 

dynamics – 

understanding 

population shifts 

Develop and test a long-term satellite 

tag and attachment system to enable 

long-term tracking (6+ months) of 

individual bilbies, to better understand 

what triggers populations to shift 

location across the landscape. 

Validate the use of scat DNA to track 

individuals/descendants as a 

complementary approach.  

Management 

strategies that 

enhance population 

connectivity. 

Medium Population structure 

– understand 

genetic diversity 

and gene flow in the 

Pilbara relative to 

other wild 

populations 

Continue to refine sequencing 

techniques based on scat DNA (e.g., 

DArTcap) to understand the broader 

genetic structure of wild populations. 

Accurate 

measurement of 

population genetic 

parameters to inform 

management. 

Low Threat mitigation – 

influence of invasive 

buffel grass on 

habitat suitability 

The interaction of introduced buffel 

grass, grazing and wildfire has been 

identified as a potential threat to bilbies 

by hindering or altering fire 

management. Research to improve 

knowledge on the complex interactions 

between buffel grass, fire and 

introduced herbivores will help to inform 

threat mitigation.  

Threat mitigation 

strategies effective 

for management of 

buffel grass to 

ensure suitability of 

bilby habitat is 

maintained. 

Low Survey and 

monitoring – 

continue to 

investigate 

broadscale survey 

techniques 

Continue trialling, development and 

optimisation of aerial survey techniques 

including RPA, and if technology 

develops and becomes more cost 

effective reinvestigate very high-

resolution LiDAR over large areas to 

detects burrows and diggings. 

Evaluate trade-offs between accuracy, 

efficiency and cost-effectiveness per 

area covered of new technology 

compared to plot and/or transect-based 

methods. 

Improvement in 

survey extent 

including previously 

inaccessible areas of 

the Pilbara to better 

understand bilby 

distribution. 
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Priority Research topic  Objective Outcome 

Low Habitat 

requirements – trial 

eDNA approaches 

to further evaluate 

diet using scats 

Develop (or refine existing) DNA 

barcode libraries of potential dietary 

items and match DNA extracted from 

scats to provide a more comprehensive 

understanding of dietary requirements 

(e.g., Dawson et al., 2021). 

Provision of a 

comprehensive 

understanding of 

bilby diet and habitat 

requirements. 

Low Threat mitigation – 

influence of climate 

change 

Undertake a climate change vulnerability 

assessment (e.g., Foden and Young, 

2016) for the bilby that considers 

interactions with threats (e.g., 

distribution and abundance of) 

introduced predators). 

Improved 

understanding of the 

influence of climate 

change on bilby 

populations in the 

Pilbara to inform 

adaptation 

strategies. 
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8 Threat management for bilbies in the Pilbara 

Threat management may be implemented at a local or regional level and prioritised 

based on factors such as ecological cost-effectiveness (e.g., Carwardine et al., 2019). 

Using a structured elicitation approach, Carwardine et al. (2014) prioritised threat 

management for Pilbara species of conservation significance including the bilby. 

Seventeen management strategies were agreed upon and prioritised based on their 

estimated average expected benefits, average costs and cost-effectiveness. Feral 

ungulate and domestic herbivore management, fire management, and feral cat 

management (including combined management strategies) ranked highest. In the 

absence of management intervention, the bilby was one of 13 species at high risk of 

being lost from the region over the next 20 years. 

The Pilbara Conservation Strategy (DPaW, 2017) describes a landscape-scale 

approach to biodiversity conservation across the region and provides strategic 

direction for on-ground management actions to enhance conservation outcomes in 

partnership with State and Commonwealth governments, mining industry, traditional 

owners, natural resource management groups, pastoralists, local government, non-

government organisations, community groups and research institutions. While 

landscape-scale threat management may be desirable, this is not always achievable, 

with on-ground actions often tailored to suit local conditions, resources and capacity, 

which may vary over time (DCCEEW, 2023b). Management on a smaller scale (no 

less than ~10,000 ha), focusing on local bilby populations and/or key habitat, is also 

beneficial, and cumulatively over time and space, may eventually result in a 

landscape-scale program (DBCA, 2021a).  

Based on current knowledge of the bilby and associated threats, we provide a number 

of options to guide management that are most likely to benefit and facilitate the 

persistence of bilbies in the Pilbara (Table 3). These options closely align with the 

proposed on-ground strategies listed in the National Bilby Recovery Plan (DCCEEW, 

2023b) and for other bilby populations in WA that face similar threats (e.g., Dziminski 

and van Leeuwen, 2019; DBCA, 2021a). 

Table 3 Threat management options for the bilby (Macrotis lagotis) in the Pilbara. 

Threat Population-scale actions (i.e., applied 
to an area ~10,000 ha surrounding the 
population) 

Landscape-scale actions 

Introduced 
predators 

Implement localised, strategic aerial 
and/or ground baiting using Eradicat® in 
managed populations and surrounding 
buffer zones, in conjunction with 
supplementary methods such as trapping 
(e.g., Lohr and Algar, 2020) and shooting 
(CoA, 2015). 

Consider trialling Felixer™ feral cat 
grooming traps, which show potential as 
an effective complementary tool for 

Implement annual, strategic aerial 
Eradicat® baiting (Algar and Burrows, 2004; 
Algar et al., 2013; Doherty and Algar, 2015; 
Comer et al., 2020). The bilby has benefited 
from large-scale introduced predator 
management using baits and 
supplementary control methods elsewhere 
in WA (e.g., Matuwa, Lohr and Algar, 2020; 
Lohr et al., 2021). 
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Threat Population-scale actions (i.e., applied 
to an area ~10,000 ha surrounding the 
population) 

Landscape-scale actions 

targeted feral cat control (Dunlop et al., 
2020; Moseby et al., 2020). 

Eradicat® baiting (and wild dog baiting 
operations on pastoral lands) will also 
opportunistically target foxes. 

Inappropriate 
fire regimes 

Implement localised, ground-based 
(hand) patch mosaic burning in and 
around managed populations and 
establish firebreaks around managed 
areas (Burrows, 2019) to prevent large 
wildfires destroying habitat and food 
resources (Wright and Clark, 2007) and 
facilitating predator access (McGregor et 
al., 2014; McGregor et al., 2016).  

The fire management plan developed for 
the Warralong BLMA (Burrows, 2019) 
can be used as a template to be applied 
to other bilby populations in the Pilbara. 

Implement adaptive fire management 
across selected large areas of the Pilbara 
with suitable bilby habitat (DBCA, 2021a). 

Introduced 
herbivores 

Opportunistic ground culling of feral 
herbivores and unmanaged livestock 
(DBCA, 2021a). 

Negotiate the closure of artificial water 
points within managed bilby populations 
(DBCA, 2021a). 

Exclude introduced herbivores from large 
areas of bilby habitat using livestock 
fencing (DBCA, 2021a). 

Consider aerial culling of feral herbivores 
and unmanaged livestock over large areas 
of suitable bilby habitat (DBCA, 2021a). 

Consider fencing large areas to exclude 
livestock (DBCA, 2021a). 

Land clearing Avoid clearing habitat near key bilby 
populations (DBCA, 2021a). 

To reduce the impacts of land clearing, 
conserve large tracts of connected suitable 
habitat to support wild bilby populations 
(DBCA, 2021a). 

Create formal conservation reserves within 
the established range of the bilby (DBCA, 
2021a).  

Threat 
interactions 

Introduced predators and fire: Implement 
localised fire management (as above) 
and concurrent targeted ground 
Eradicat® baiting and trapping/shooting 
at managed sites and surrounding buffer 
zones (DBCA, 2021a). 

Implement fire management across 
selected large areas of the Pilbara with 
suitable bilby habitat, with concurrent aerial 
Eradicat® baiting and targeted 
trapping/shooting (DBCA, 2021a). 

Loss of 
genetic 
diversity 

Consider genetic supplementation of 
populations (e.g., translocations) with low 
levels of genetic diversity.  

Promote habitat integrity and connectivity to 
facilitate dispersal and enhance gene flow 
across the Pilbara. 

Establish and maintain a bilby meta-
population that preserves genetic diversity 
and evolutionary potential (DCCEEW, 
2023b). 
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Threat Population-scale actions (i.e., applied 
to an area ~10,000 ha surrounding the 
population) 

Landscape-scale actions 

Mining 
associated 
infrastructure 
and 
disturbance 

Avoid clearing habitat near key bilby 
populations where possible (DBCA, 
2021a). 

Consider wide culverts/underpasses 
under railway lines and roads in the 
proximity of bilby populations. 

Introduce dusk to dawn speed limits near 
bilby populations. 

Consider the cumulative impacts of mining 
operations in areas of bilby habitat e.g., 
habitat surrounding salt lakes where there is 
increasing development of mineral sand, 
rare earth and lithium mining. 

Weeds Targeted management of buffel grass 
and habitat restoration. 

 

Road mortality Limit the construction and upgrading of 
roads in areas where there are bilbies. 

Introduce dusk to dawn speed limits near 
bilby populations. 

Consider wide culverts/underpasses 
under roads in the proximity of bilby 
populations. 

 

Population 
decline 

Reintroduce free ranging bilbies, and the 
beneficial ecosystem services they 
provide, to areas where they were locally 
extirpated, without the need of high-cost 
predator exclusion fencing (e.g., replicate 
the success of Matuwa, Dziminski et al., 
2020c; Lohr et al., 2021). This would 
require management of introduced 
predators and herbivores, and fire as 
above. 

 

 

  



                                                                                                                                         Pilbara Bilby Research Program Review
   

Department of Biodiversity, Conservation and Attractions  34 

9 Conclusions 

Ecological knowledge of the bilby in the Pilbara, and elsewhere in WA, has been 

improved as a result of the Pilbara Bilby Research Program and associated 

collaborations. Given the difficulty of monitoring this species, there has been a clear 

focus on improving survey and monitoring techniques for bilbies which have evolved 

with genomic and analytical advances. A particular highlight is the development of a 

scat DNA based molecular toolkit, allowing for identification of individual bilbies, and 

their sex, and the establishment of a georeferenced and time-stamped database of 

individual bilby genetic captures to enable tracking of individuals through space and 

time. 

We now have clear guidance on effective and efficient survey and monitoring 

practices, which if used consistently, can provide comparative information on 

population trends across the bilby’s distribution. Survey information to date has also 

allowed for a better understanding of the conservation status and distribution of the 

bilby in the Pilbara; sub-populations are geographically isolated and comprise a small 

number of individuals. Further work on genetic structure will be useful in relation to 

understanding connectivity between these populations. We also have an improved 

understanding of what resources are important to bilbies in the Pilbara, such as Acacia 

spp. that harbor important food resources in the form of root-dwelling larvae. However, 

how fire influences this important resource remains uncertain.   

Effective management of introduced predators, particularly feral cats, and foxes where 

they are most prevalent, is likely to be crucial for the persistence of bilbies in the 

Pilbara. Strategic feral cat management using a combination of control options (e.g., 

targeted ground and aerial baiting, trapping) is likely to provide the most benefit, as 

demonstrated at Matuwa, where bilbies were successfully reintroduced. Another area 

requiring investigation is understanding how multiple interacting threats influence bilby 

populations, particularly the synergistic threats of introduced predators, fire, and 

herbivore grazing. The adaptive management and monitoring approach at Warralong 

(Coongan Pastoral Station) where both fire and introduced predators are being 

managed is likely to provide insight into the effectiveness of controlling multiple 

threats. The addition of other bilby populations where a similar approach is applied will 

also improve our understanding of how to effectively mitigate interacting threats to 

enhance bilby persistence. 
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Appendix 2 Interim guidelines for occupancy surveys of 
bilbies (superseded by DBCA, 2017) 
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Appendix 3 Interim guidelines for surveys to detect the 
presence or absence of bilbies (superseded by DBCA, 2017) 
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Appendix 4 2-ha sign plot datasheet for occupancy surveys 
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Appendix 5 Guidelines for pre-clearing searches to locate 
resident bilbies and relocation of bilbies prior to vegetation 
clearing 
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Appendix 6 Bilby poster 

 


