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“IMPORTANT NOTE” 
Apart from fair dealing for the purposes of private study, research, criticism, or review as permitted under the Copyright Act, no 

part of this report, its attachments or appendices may be reproduced by any process without the written consent of Biologic 

Environmental Survey Pty Ltd (“Biologic”). All enquiries should be directed to Biologic. 

We have prepared this report for the sole purposes of Newcrest Mining Limited (“Client”) for the specific purpose only for which 

it is supplied. This report is strictly limited to the Purpose and the facts and matters stated in it and does not apply directly or 

indirectly and will not be used for any other application, purpose, use or matter. 

In preparing this report we have made certain assumptions. We have assumed that all information and documents provided to 

us by the Client or as a result of a specific request or enquiry were complete, accurate and up-to-date. Where we have obtained 

information from a government register or database, we have assumed that the information is accurate. Where an assumption 

has been made, we have not made any independent investigations with respect to the matters the subject of that assumption. 

We are not aware of any reason why any of the assumptions are incorrect. 

This report is presented without the assumption of a duty of care to any other person (other than the Client) (“Third Party”). The 

report may not contain sufficient information for the purposes of a Third Party or for other uses. Without the prior written consent 

of Biologic: 

a) This report may not be relied on by a Third Party; and 

b) Biologic will not be liable to a Third Party for any loss, damage, liability or claim arising out of or incidental to a Third-

Party publishing, using or relying on the facts, content, opinions or subject matter contained in this report. 

If a Third Party uses or relies on the facts, content, opinions or subject matter contained in this report with or without the consent 

of Biologic, Biologic disclaims all risk and the Third Party assumes all risk and releases and indemnifies and agrees to keep 

indemnified Biologic from any loss, damage, claim or liability arising directly or indirectly from the use of or reliance on this report. 

In this note, a reference to loss and damage includes past and prospective economic loss, loss of profits, damage to property, 

injury to any person (including death) costs and expenses incurred in taking measures to prevent, mitigate or rectify any harm, 

loss of opportunity, legal costs, compensation, interest and any other direct, indirect, consequential or financial or other loss. 
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EXECUTIVE SUMMARY 

The Havieron Project Joint Venture (the Project) is a farm-in joint venture agreement between Newcrest 

Mining Limited (Newcrest) and Greatland Gold Ltd (Greatland), located approximately 

45 kilometres (km) east of the Telfer Gold Mine (Telfer Mine) in the Great Sandy Desert. The Project 

Area (herein referred to as the Study Area) covers approximately 4,125 hectares (ha) and will be subject 

to a staged approvals approach. Current approvals supporting development of a boxcut and 

underground decline have commenced, with development of the decline currently in progress. Further 

approvals for the mine and associated infrastructure are expected.  

Previous baseline fauna surveys conducted by Biologic (2020) for the Project have recorded the 

presence of greater bilby (Macrotis lagotis) within the Study Area. The greater bilby is currently listed 

as Vulnerable under the Commonwealth Environment Protection and Biodiversity Conservation Act 

1999 (EPBC Act) and state Biodiversity Conservation Act 2016 (BC Act). To meet the Project’s 

development and environmental approvals, the Havieron Project bilby management plan (HPBMP) was 

developed to ensure potential impacts on the species are minimised where practicable. As part of the 

HPBMP, Newcrest has committed to undertaking annual monitoring on the greater bilby within the Study 

Area.  

Newcrest commissioned Biologic Environmental Survey Pty Ltd (Biologic) to undertake the first annual 

monitoring survey for greater bilby for the Project. The primary objective of this assessment was to 

develop and implement a bilby monitoring program to obtain data on the species presence and, where 

possible, abundance within the Study Area, to meet the requirements of the HPBMP. 

The field survey was conducted from the 25th October to 1st November 2021 by Biologic Zoologists with 

the assistance of Ecological and Heritage Advisors representing the Traditional Owners of the Martu 

native title determination, which encompasses the Study Area. Methodology for the monitoring survey 

was developed following consultation with DBCA bilby researchers (Dr Martin Dziminski and Dr Fiona 

Carpenter), to align with DBCA bilby monitoring methods and recommendations, as required by the 

HPBMP. Additionally, greater bilby scats collected during the Biologic (2020) baseline fauna survey 

were analysed and genotyped by Fiona Carpenter and Shelley McArthur from DBCA to give a baseline 

indication of bilby abundance within the Study Area before the current survey.  

A total of seventeen sites were established during the monitoring survey. Twelve of the sites were 

established within the Study Area, with placement aiming to achieve a broad coverage. A further five 

regional monitoring sites were established outside (but within 2 km) of the Study Area, to provide 

contextual data and act as control sites.  

Of the 45 scats submitted for genetic analysis from the Biologic (2020) baseline fauna survey, a total of 

eight scats were successfully genotyped. Based on the genotyping results, a total of two individuals 

were identified, comprising of one male and one female.  

No recent evidence of greater bilby was recorded during the current survey. Two new inactive burrows 

were recorded at VHBM-07 (within Study Area). Five burrows initially recorded during the Biologic 
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(2020) survey were resurveyed to check for activity, all were inactive. Six other non-target species were 

recorded during the current survey, comprising of three introduced mammal species (camel (Camelus 

dromedarius), dog/ dingo (Canis lupus) and cat (Felis catus)), one bird species (Australian bustard 

(Ardeotis australis)) and two reptile species (sand goanna (Varanus gouldii) and thorny devil (Moloch 

horridus). There was evidence of at least one introduced mammal species at every monitoring site, with 

the most noteworthy record being an individual cat using an inactive bilby burrow at site VHBM-18. 

Two camera traps were deployed at bilby burrows which had evidence of usage/ visitation by other 

species. Two different species were recorded using the bilby burrows, comprising a cat at monitoring 

at site VHBM-09, and sand goanna at VHBM-18. The cat recorded on the camera trap was the same 

individual that was witnessed using the bilby burrow during targeted searches at site VHBM-18. 

Disturbances recorded throughout the Study Area and regional monitoring sites comprised of clearing 

for exploration activities, exploration drilling, road/ access tracks, mining infrastructure/ activity and 

recent fire. Majority of exploration and mining activity is located within the central and northern sections 

of the Study Area, with site VHBM-14 located the closest (110 m) to current disturbance. Signs of recent 

fires was also recorded intermittently throughout the Study Area and regional monitoring sites, including 

at five monitoring sites (VHBM-04, VHBM-05, VHBM-11, VHBM-16 and VHBM-17).  

Several factors were identified which may have had an influence over the occurrence and abundance 

of greater bilby within the Study Area including fire, mining/ exploration disturbance and feral predators. 

Several of the monitoring sites consisted of areas that were recently burnt; however, these areas still 

provide secondary (supporting) foraging and dispersal habitat, particularly if the sites are in proximity to 

unburnt areas. These burnt areas are likely to be utilised more frequently as further regeneration occurs, 

particularly for foraging and may provide primary habitat in the future. 

Since the Biologic (2020) baseline fauna survey, exploration and mining activity within the Study Area 

has increased exponentially. Although likely that individuals will move from an area undergoing 

development, there have been foraging/ dispersing records of greater bilby within the disturbed areas 

of the Study Area previously. Therefore, although mining disturbance may impact the species 

occurrence, greater bilby may still utilise the disturbed areas to forage/disperse. 

The increase in feral predators recorded (particularly feral cat) is the most likely factor influencing 

greater bilby occurrence within the Study Area. The number of dog/ dingo records has substantially 

decreased between the baseline fauna survey and the current monitoring survey, most likely as a result 

from the dog/ dingo cull that occurred around the Study Area. In contrast, feral cat was recorded for the 

first time within the Study Area during the current survey. 

As this is the first annual monitoring survey for the greater bilby, this assessment provides the baseline 

dataset for which future monitoring will be compared against. The greater bilby is highly cryptic and not 

easily observed, therefore the lack of observations during the current survey does not mean that greater 

bilbies will not use the habitats of the Study Area in the future. Future monitoring data will provide a 

better foundation for analysis of bilby population trends over time, which can be used to evaluate if the 

requirements set out within the HPBMP are being met. 
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1 INTRODUCTION 

1.1 Background 
The Havieron Project Joint Venture (the Project) is a farm-in joint venture agreement between Newcrest 

Mining Limited (Newcrest) and Greatland Gold Ltd (Greatland), located approximately 45 kilometres 

(km) east of the Telfer Gold Mine (Telfer Mine) in the Great Sandy Desert (Figure 1.1). The Project Area 

(herein referred to as the Study Area) occupies tenement M45/1287 and is approximately 7.5 km by 

7.5 km (4,125 hectares (ha)) in size (Figure 1.1). The Project will be subject to a staged approvals 

approach, with current approvals supporting development of a boxcut and underground decline up to 

approximately 400 meters (m) below ground level. Construction for the Project has commenced, with 

development of the decline currently in progress, following which, further approvals for the mine and 

associated infrastructure are expected. 

Previous baseline fauna surveys undertaken for the Project have recorded the presence of greater bilby 

(Macrotis lagotis) within the Study Area (Biologic, 2020). The greater bilby is currently listed as 

Vulnerable under the Commonwealth Environment Protection and Biodiversity Conservation Act 1999 

(EPBC Act) and state Biodiversity Conservation Act 2016 (BC Act). To meet the Project’s development 

and environmental approvals, the Havieron Project bilby management plan (HPBMP) was developed 

to ensure potential impacts on the species are minimised where practicable. As per the HPBMP, this 

will be achieved through the following management targets: 

• Avoid clearing of bilby habitat, in particular primary habitat; 

• minimise incidental mortality of bilby from clearing activity, entrapment, poor water quality 

consumption, vehicle strike or mining related fire; 

• minimise increase in bilby fauna predation from the formation of water and food resources for 

predators; 

• minimise decline in population due to dust, noise, artificial light and vibration; 

• minimise decline in fauna habitat condition due to weeds or changed fire regimes. 

As part of the HPBMP, Newcrest has committed to undertaking annual monitoring on the greater bilby 

within the Study Area. Data collected as part of the monitoring will contribute to a continuing dataset to 

monitor changes in the occurrence of the species in relation to the Project. As the first year of the 

monitoring, this assessment will provide the baseline dataset for which future monitoring will be 

compared against. 
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1.2 Objectives 
The primary objective of this assessment was to develop and implement a bilby monitoring program to 

obtain data on the species presence and, where possible, abundance within the Study Area, to meet 

the requirements of the HPBMP. Specifically, the key objective of this assessment was to: 

• develop a robust and repeatable monitoring program for bilby; 

• implement the monitoring program, including: 

o establishment of long-term monitoring sites within the Study Area and, where possible, 

regional areas; 

o establishment of photo monitoring points at each monitoring site; 

o collection of baseline site data, including habitat description and condition assessment; 

o collection of baseline data on bilby presence (from direct and/or secondary evidence) 

and abundance (via collection of scats for post-field analysis); and 

o analysis of data and samples (i.e. scat genotyping) collected during the field survey 

and samples collected from the Biologic (2020) baseline fauna survey. 

• provide a report on completion of field survey and subsequent analyses detailing the methods 

and results of the monitoring survey. 

Where possible (i.e. access permitted), the monitoring program may also include regional sites in areas 

adjacent to the Study Area which may act as control sites and provide supporting contextual information 

on the species occurrence. 

1.3 Compliance 

This assessment was carried out in a manner consistent with the following documents developed by 

DBCA (formerly Department of Parks and Wildlife [DPaW]), the Department of Agriculture, Water and 

the Environment (DAWE - formerly the Department of Environment [DoE], Department of 

Sustainability, Water, Population, and Communities [DSEWPaC] and Newcrest: 

• DBCA (2017) Guidelines for surveys to detect the presence of bilbies, and assess the 

importance of habitat in Western Australia; 

• DoE (2013) Significant impact guidelines 1.1: Matters of national environmental significance; 

• DSEWPaC (2011) Survey guidelines for Australia’s threatened mammals;  

• Newcrest (2020) Havieron Project bilby management plan. 
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1.4 Greater Bilby (Macrotis lagotis)  

1.4.1 Species Profile 
The greater bilby is one of many Australian arid zone marsupial species that are within a ‘critical weight 

range’ (35 grams [g] to 5,500 g), which are often considered significant based on the high risk of decline 

and extinction (Johnson & Isaac, 2009). This is primarily attributed to predation by introduced foxes 

(Vulpes vulpes) and feral cats (Felis catus) (Johnson & Isaac, 2009). Greater bilbies are semi-fossorial 

and nocturnal, remaining in their burrows during the day and intermittently during the night for rest and 

refuge.  

Throughout most of its range, the distribution of greater bilby is patchy and often occurs in low 

abundance (Southgate et al., 2007). Greater bilby populations naturally occur as scattered solitary 

individuals or small groups (Smythe & Philpott, 1968; Southgate, 1990a), often occurring at a density 

of 1–2 individuals per km2 and up to 12–16 individuals per km2 in areas of optimal habitat (Southgate, 

1987). Extant populations of the greater bilby occur in a variety of habitats; however, it is most often 

associated with landforms comprising level to low slope topography and light to medium soils, such as 

sand plains and sand dune habitats (Cramer et al., 2017; Southgate, 1990b). It often occupies three 

main vegetation types within these habitats, open tussock grassland on uplands and hills, hummock 

grassland in plains and alluvial areas and occasionally mulga woodland/shrubland growing on ridges 

and rises (Southgate, 1990b). In general, the distribution of greater bilbies can be limited by the 

availability of suitable burrowing habitat, such as dunes where burrow excavation is easier (Moseby & 

O'Donnell, 2003), and are not found in predominantly rocky areas or mountains where they would be 

unable to dig suitable burrow systems or dig for food. 

Typically the species will excavate several burrows within its home range and frequently move between 

them (Moseby & O'Donnell, 2003). Despite this, the species is not sedentary, and a previously occupied 

area may be vacated for alternative areas, which is most likely attributed to resource depletion within 

the occupied area or as a response to predators (Southgate, 1987). Males will often occupy a much 

larger  range with substantial overlap with other males, whereas females tend to occupy smaller areas 

with little overlap (Moseby & O'Donnell, 2003). Greater bilbies are regarded as having low site fidelity 

and high mobility (Southgate et al., 2007); males regularly moving distances of 2–3 km and up to 5 km 

between burrows over consecutive nights, while females tend to move up to 1.5 km (Southgate et al., 

2007). Home range of the species ranges between 1–3 km2, averaging 3.16 km2 for males and 0.18 km2 

for females (Moseby & O'Donnell, 2003). Variation in the species range is likely to be influenced by the 

presence and suitability of habitat and availability of resources (Southgate, 1987). 

Greater bilby can forage broadly across habitats and can be highly mobile in response to resource 

availability, particularly in response to fire and post-fire regeneration (Southgate et al., 2007). Fire has 

been identified as an important process in the species ecology and occurrence, particularly due to many 

plant species that make up the species’ diet or host prey species are fire-germinated species 

(Southgate, 1990b; Southgate & Carthew, 2007; Southgate & Carthew, 2006; Southgate et al., 2007). 

As such, the species is known to utilise mosaic habitats comprising unburnt areas and areas at various 
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stages of post-fire regeneration, often primarily utilising unburnt areas but venturing into burnt areas 

during foraging and dispersal movements (Southgate & Carthew, 2007; Southgate & Carthew, 2006; 

Southgate et al., 2007). The utilisation of burnt areas however is often associated with post-fire 

regeneration of vegetation, which is heavily dependent on rainfall events to occur successfully 

(Southgate & Carthew, 2007). As rainfall throughout a large portion of the species distribution is 

relatively inconsistent and often associated with cyclonic activity to the north and northwest, the 

occurrence of rainfall and therefore timeframes during which habitat utilisation is likely to occur on a 

regular basis can be difficult to ascertain. 

1.4.2 Previous Records within the Study Area 
The species has previously been recorded within the Study Area on 272 occasions, comprising four 

times from direct observation (camera trap captures) (Figure 1.2) and a further 268 times from 

secondary evidence (Biologic, 2020). Records of secondary evidence included 167 digging records 

(comprising 568 individual diggings; Figure 1.3), eight burrows (including seven active and one inactive 

(at the time of survey); Figure 1.4), 39 scats (Figure 1.5), 24 series of tracks (Figure 1.6), two possible 

burrows and 28 possible diggings (Biologic, 2020). The records from Biologic (2020) of greater bilby 

occurred throughout the Study Area in Sand Plain and Sand Dune habitats. The majority of recent 

diggings recorded during the survey occurred within unburnt areas in the northeast of the Study Area, 

in a relatively small linear area comprising open Triodia grassland with even cover of large mature 

Triodia hummocks and scattered Acacia shrubs. Within this area, all burrows were located at the base 

of Acacia shrubs or large Triodia hummocks, while diggings were concentrated in open areas between 

Triodia hummocks and were often clustered with multiple diggings occurring in close proximity to each 

other. Most records from other parts of the Study Area, primarily in recently burnt areas, comprised old 

and/or weathered diggings, often occurring singly (Biologic, 2020). 

 

Figure 1.2: Greater bilby recorded from a camera trap during the Biologic (2020) survey 
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Figure 1.3: Greater bilby diggings recorded during the Biologic (2020) survey 
 

 

Figure 1.4: Active greater bilby burrow recorded during the Biologic (2020) survey 
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Figure 1.5: Greater bilby scats recorded during the Biologic (2020) survey 
 

 

Figure 1.6: Greater bilby tracks recorded during the Biologic (2020) survey 
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2 METHODOLOGY 

2.1 Approach 
Methodology for the monitoring survey was developed following consultation with DBCA bilby 

researchers (Dr Martin Dziminski and Dr Fiona Carpenter), to align with DBCA bilby monitoring methods 

and recommendations (Dziminski & Carpenter, 2016, 2017), as required by the HPBMP. 

The field-based component of the monitoring comprised of three parts; the first assessing the species’ 

presence or absence using standardised 2 hectare (ha) plot searches. Where the species is detected, 

the second part comprised more thorough searches to map the extent of the species occurrence 

(primarily based on presence of diggings and/or burrows) in the vicinity; and the third part comprised 

targeted transects within the mapped area of extent to search for and collect bilby scats for genotyping, 

to determine the number of individuals present. Detailed descriptions of each method can be found in 

Section 2.5.2. 

2.2 Survey Team and Licensing 
The field survey was undertaken by Biologic personnel Ray Lloyd (Senior Zoologist) and Courtney 

Proctor (Zoologist), who collectively have more than 20 years’ experience completing terrestrial fauna 

surveys throughout Western Australia, including targeted bilby surveys, pre-clearance surveys and 

monitoring projects. Additionally, Heritage and Ecological Advisors representing the Traditional Owners 

of the Martu native title determination, which encompasses the Study Area, assisted with sampling, and 

provided traditional ecological knowledge and the occurrence of greater bilby within the Study Area 

during the monitoring survey. 

No DBCA issued fauna license was required to complete this survey. 

2.3 Survey Timing and Weather 
The monitoring survey was conducted from the 25th October to 1st November 2021. Observed weather 

conditions in the 12 months prior to and during the survey are shown in Figure 2.1, alongside long-term 

climatic data for Telfer Airport. It should be noted that some rainfall data for Telfer Airport is not available 

for the entirety of the 12 months prior to the surveys (December 2020–January 2021) (BoM, 2021), and 

is therefore unlikely to accurately represent rainfall preceding the surveys. The specific reason for this 

data not being recorded is unknown (BoM, 2021). Supplementary rainfall data has been used from 

Meentheena weather station for December 2020–January 2021. 

In the 12 months prior to the survey, mean minimum and maximum temperatures recorded at Telfer 

Airport were similar to long-term averages for most months, though lower higher than long-term 

averages during the warmer months and slightly higher than long-term averages during the cooler 

months (Figure 2.1). Where continuous monthly rainfall was recorded in the 12 months prior to the 

survey, rainfall was variable, with below long-term averages recorded through the dry season 

(Figure 2.1). Although rainfall data was not available for part of the 2020–2021 wet season from Telfer 

Airport, supplementary rainfall data from Meentheena recorded high volumes of rainfall significantly 

higher than the long-term averages as a result of multiple cyclones occurring to the north-west (BoM, 

2021). 
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Observed temperatures at Telfer Aero during the survey were comparable to long-term averages; 

however, numerous days above long-term averages were recorded (Table 2.1). During the survey, 

minimum daily temperatures ranged between 18.6–23.8oC and maximum temperatures between 29.3–

40.5oC, compared to the long-term minimum average of 21.2–23.7oC and maximum of 37.4–39.5oC for 

October and November respectively (Table 2.1). A total of 3 mm of rainfall was recorded at Telfer Aero 

during the survey (Table 2.1). 

 

Figure 2.1: Long-term average and pre-survey climate data for the Study Area 
Source: BoM (2021). Temperature and rainfall data are from the Telfer Areo weather station (13030) with long-term data from 

1974-2021. Supplementary rainfall data for Dec 2020-Jan 2021 from Meentheena weather station (4102). 

Table 2.1: Daily climate data recorded at Telfer during the field survey (BoM, 2021) 

Date 
Temperature (oC) 

Rainfall (mm) 
Minimum Maximum 

25/10/2021 18.6 40.5 0 

26/10/2021 21.5 40.1 0 

27/10/2021 22.9 38.6 0 

28/10/2021 22.2 36.4 0 

29/10/2021 21.6 38.8 0 

30/10/2021 19.8 29.3 2.8 

31/10/2021 19.9 34.7 0.2 

1/11/2021 23.8 32.5 0 

Average/ Total 21.3 36.4 3.0 
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2.4 Monitoring Site Selection 
A total of 12 monitoring sites were established within the Study Area during the field survey (Table 2.2; 

Figure 2.3), with placement aiming to achieve a broad coverage of the Study Area. Sites were selected 

to include a representative of all broad fauna habitats likely to support the species, in addition to 

including sites with variation in condition of habitats (i.e. burnt area which may have previously 

represented optimal habitat, and therefore may again in future). Some of the sites selected were areas 

where there had previously been records of the species. Due to access limitations, two proposed 

monitoring sites to the far south of the Study Area could not established; however, these sites may be 

established during subsequent monitoring surveys should access improve.  

In addition to the 12 sites established within the Study Area, a further five regional monitoring sites were 

established outside (but within 2 km) of the Study Area, to provide contextual data and act as control 

sites (Table 2.2; Figure 2.3). A further seven regional monitoring sites were initially proposed; however, 

due to their occurrence on different tenure not managed by Newcrest, site access was not permitted 

and sites were not accessible. Pending access approval, these sites may be established in future 

monitoring surveys to provide broader contextual data. 

During the assessment of one of the regional monitoring sites (VHBM-17), several heritage artefacts 

were discovered by the Heritage and Ecological Advisors assisting with the survey (Table 2.2; 

Figure 2.3). As the site was already assessed and sampled prior to artefacts being identified, results 

from the site are included within this report. It should be noted that this site may not be accessible during 

future monitoring surveys, to minimise any impacts on the artefacts.
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Table 2.2: Monitoring site information 

Site ID 
Location 

Species History/ Comments 
Site Type Latitude Longitude Habitat type 

VHBM-01 Regional -21.7021 122.6076 Sand Plain  

VHBM-02 Regional -21.7112 122.6035 Sand Plain  

VHBM-03 Regional -21.7221 122.6140 Sand Plain  

VHBM-04 Regional -21.7391 122.6084 Sand Plain  

VHBM-05 Study Area -21.7076 122.6339 Sand Plain  

VHBM-06 Study Area -21.7070 122.6554 Sand Plain  

VHBM-07 Study Area -21.7134 122.6667 Sand Plain 
• Evidence of greater bilby recorded within vicinity (<100m) of site during 

baseline fauna survey Biologic (2020). 

VHBM-08 Study Area -21.7082 122.6817 Sand Plain  

VHBM-09 Study Area -21.7190 122.6771 Sand Plain 
• Evidence of greater bilby recorded within vicinity (<100m) of site during 

baseline fauna survey Biologic (2020). 

VHBM-10 Study Area -21.7161 122.6181 Sand Plain  

VHBM-11 Study Area -21.7184 122.6376 Sand Plain  

VHBM-12 Study Area -21.7247 122.6602 Sand Plain  

VHBM-13 Study Area -21.7301 122.6776 Sand Plain 
• Evidence of greater bilby recorded within vicinity (<100m) of site during 

baseline fauna survey Biologic (2020). 

VHBM-14 Study Area -21.7277 122.6226 Sand Plain  

VHBM-15 Study Area -21.7391 122.6267 Sand Plain 
• Evidence of greater bilby recorded within vicinity (<100m) of site during 

baseline fauna survey Biologic (2020). 

VHBM-16 Study Area -21.7372 122.6569 Sand Plain  

VHBM-17 Regional -21.6982 122.6315 Sand Plain 

• Evidence of greater bilby recorded within vicinity (<100m) of site during 
baseline fauna survey Biologic (2020). 

• Heritage artifacts recorded at site, may need to be excluded from future 
surveys to minimise disturbance to site. 
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2.5 Survey Methods 

2.5.1 Habitat Assessment and Photo Monitoring 
An assessment of the habitat, including photos taken from established monitoring points, was 

completed at each of the monitoring sites (as detailed in Appendix A and Appendix B). This provides a 

baseline to enable a temporal comparison of the condition, structure and quality of habitat during future 

monitoring surveys. Habitat assessments were undertaken at all 17 monitoring sites (including VHBM-

17 which has now been removed from future monitoring) and at one additional location where a camera 

trap was placed opportunistically (VHBM-18) (Appendix A; Figure 2.3). 

Habitat assessments were conducted using methodology and terminology modified from the Australian 

Soil and Land Survey Field Handbook (National Committee on Soil and Terrain, 2009). The 

characteristics recorded during the habitat assessments were: 

• site information, photo and location; 

• landform: landform type, slope and relative inclination of slope; 

• vegetation: leaf litter %, wood litter, hollow bearing trees, broad floristic formation; 

• substrate: soil texture, bare ground, rock size, rock type, rock outcropping; and 

• disturbance: time since last fire, evidence of weeds, grazing, or human disturbances. 

 

To assist in documenting changes, one photo monitoring point was installed at each of the 17 (12 Study 

Area and five regional) monitoring sites, each point being marked in situ with a star picket. Photos were 

taken facing north-west from the star picket providing a broad view of the habitat within the site 

(Appendix A). The star picket from site VHBM-17 has since been removed due to the presence of 

heritage artifacts and potential that the site may no longer be accessible during future monitoring 

surveys. 

2.5.2 Targeted Searches 
At each monitoring site, a standardised 2 hectare (ha) plot search (survey plot) was undertaken to 

search for evidence of bilby occurrence, as recommended by DBCA (2017) (Figure 2.3). Each survey 

plot was subjected to targeted searches for a minimum of 30 minutes and comprised searches for any 

secondary evidence for the species i.e. burrows, diggings, tracks and scats, as described by Southgate 

et al. (2019).  

If evidence of bilby was recorded while undertaking searches within the survey plot, more thorough 

searches were undertaken over an expanded area to search for further evidence to define and map the 

approximate extent of the species’ occurrence at the site. These searches primarily focused on 

diggings, which is often associated scat deposition. Searches followed the same approach to that 

implemented within survey plots, searching for evidence as described by Southgate et al. (2019).  
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Once the approximate extent of occurrence had been determined, targeted searches were undertaken 

along transects spaced approximately 100 m apart and extending just beyond the extent of occurrence. 

The primary purpose of targeted transects was to collect bilby scats for genotyping, to identify 

individuals occurring within the area. The total number of transects sampled for each area was 

dependent on the size and extent of the determined area of occurrence.  

2.5.3 Camera Trapping of Burrows 
All known bilby burrows within the Study Area, including those previously recorded during baseline 

surveys for the Project (Biologic, 2020) and any new burrows (n = 2) recorded during the field survey, 

were visited to assess if active at the time of the field survey. If any activity was present at any of the 

burrows, a camera trap was placed on a tripod at the burrow entrance to confirm usage by bilby, and/or 

assess burrow usage/visitation by other species (Table 2.3; Figure 2.2; Figure 2.3). 

Table 2.3: Camera trap locations 

Site Latitude Longitude Date Deployed Date retrieved Total Trap 
Nights 

VHBM-09 -21.7189 122.6770 27/10/2021 31/10/2021 4 

VHBM-18 -21.7145 122.6742 27/10/2021 31/10/2021 4 

Total 8 
 

 

Figure 2.2: Camera trap placed at the entrance of a bilby burrow during the current survey  
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2.5.4 Scat Genotyping 
No greater bilby scats were collected during the current survey. 

A total of 45 scats collected from ten sites during the Biologic (2020) baseline survey were analysed by 

Fiona Carpenter and Shelley McArthur from DBCA (Table 2.4). The highest number of scats collected 

was at site VHAV-163, with 16 scats, while only one scat was collected at sites, VHAV-01, VHAV-08, 

VHAV-33 and VHAV-127 (Table 2.4).  

DNA extractions were screened using eight highly polymorphic microsatellite markers. These were 

multiplexed into two polymerase chain reactions (PCR) and then amplified. The PCR product was then 

analysed and genotyped. Y chromosome linked markers, to determine the sex of the individual from 

which the sample was obtained, were trialled on the eight DNA samples that were successfully 

genotyped. Further details on specific methods used by DBCA can be found in Appendix D. 

Table 2.4: Scat collection record 

Site Latitude Longitude Date Collected Number of scats 

VHAV-001 -21.7304 122.6771 18/03/2020 1 

VHAV-006 -21.7210 122.6317 20/03/2020 3 

VHAV-008 -21.7136 122.6261 21/03/2020 1 

VHAV-033 -21.6168 122.3024 24/03/2020 1 

VHAV-116 -21.7179 122.6815 10/06/2020 5 

VHAV-127 -21.7136 122.6701 10/06/2020 1 

VHAV-128 -21.7148 122.6742 10/06/2020 7 

VHAV-141 -21.7130 122.6650 11/06/2020 7 

VHAV-142 -21.7126 122.6670 11/06/2020 3 

VHAV-163 -21.7187 122.6768 13/06/2020 16 

Total 45 
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3 RESULTS 

3.1 Habitat Assessment and Photo Monitoring 
Disturbances recorded throughout the Study Area and regional monitoring sites comprised of clearing 

for exploration activities, exploration drilling, road/access tracks, mining infrastructure/ activity and 

recent fire (Table 3.1). Majority of exploration and mining activity is located within the central and 

northern sections of the Study Area, with site VHBM-14 located the closest (110 m) to current 

disturbance. Signs of recent fires was also recorded intermittently throughout the Study Area and 

regional monitoring sites, including at five monitoring sites (VHBM-04, VHBM-05, VHBM-11, VHBM-16 

and VHBM-17). Disturbance details relating to each monitoring site are presented in Table 3.1 and 

discussed in Table 4.1. 

Table 3.1: Habitat disturbance at each monitoring site  

Site ID Site Type 
Disturbances 

Distance and summary of 
disturbance Fire 

Road/ 
access 
track 

Exploration
/ mining 
activity 

VHBM-01 Regional - x - 
Road/ access tracks approximately 220 
m away. 

VHBM-02 Regional - x - 
Road/ access tracks approximately 
310 m away. 

VHBM-03 Regional - - - 
No disturbance recorded. Road/ access 
tracks approximately 1,003 m away. 

VHBM-04 Regional x - - 

Patches of recent fire through area. 
Mining activity/ infrastructure and road/ 
access track approximately 2,039 m 
away. 

VHBM-05 Study Area x - - 
Patches of recent fire through area. 
Road/ access tracks approximately 
200 m away. 

VHBM-06 Study Area - x x 
Exploration drilling and road/ access 
track approximately 305 m away. 

VHBM-07 Study Area - - x 
Exploration drilling approximately 
210 m away. 

VHBM-08 Study Area - - - 
No disturbance recorded. Road/ access 
tracks approximately 1,900 m away. 

VHBM-09 Study Area - - - 
No disturbance recorded. Road/ access 
tracks approximately 638 m away. 

VHBM-10 Study Area - x - 
Road/ access tracks approximately 
247 m away. 

VHBM-11 Study Area x x - 
Recent fire through area. Road/ access 
tracks approximately 215 m away. 

VHBM-12 Study Area - x x 
Exploration drilling and road/ access 
track approximately 167 m away. 

VHBM-13 Study Area - x - 
Road/ access tracks approximately 
110 m away. 

VHBM-14 Study Area - x x 
Mining activity/ infrastructure and road/ 
access track approximately 110 m 
away. 

VHBM-15 Study Area - - - 
No disturbance recorded. Mining 
activity/ infrastructure and road/ access 
track approximately 900 m away. 

VHBM-16 Study Area x - - 
Patches of recent fire through area. 
Mining activity/ infrastructure 
approximately 555 m away. 

VHBM-17 Regional x - - 
Recent fire through area. Road/ access 
tracks approximately 740 m away. 



Havieron Project Greater Bilby Monitoring 2021 

Page 17 

3.2 Targeted Searches 
No recent evidence of greater bilby was recorded from targeted searches during the current survey 

(Figure 3.4; Appendix C). Two new inactive burrows were recorded at VHBM-07. Five burrows initially 

recorded during the Biologic (2020) survey at two monitoring sites (VHBM-07 and VHBM-09) and the 

opportunistic camera trap site VHBM-18 (Figure 3.4; Appendix C) were resurveyed to check for activity. 

Upon reassessment, the five burrows were inactive (Figure 3.1). No other evidence of greater bilby was 

recorded during the survey. 

Six other non-target species were recorded during the current survey, comprising three introduced 

mammal species (camel (Camelus dromedarius), dog/ dingo (Canis lupus) and cat), one bird species 

(Australian bustard (Ardeotis australis)) and two reptile species (sand goanna (Varanus gouldii) and 

thorny devil (Moloch horridus); Figure 3.4; Appendix C). At every monitoring site, there was evidence 

of at least one of the introduced mammal species (Figure 3.4; Appendix C). Camel was recorded via 

secondary evidence (scats and tracks) at 16 monitoring sites, dog/ dingo was recorded at two sites 

comprising of one individual found dead and secondary evidence (tracks), and cat was recorded at ten 

sites comprising of secondary evidence (tracks). An individual cat was also recorded opportunistically 

at site VHBM-18 using an inactive bilby burrow (Figure 3.4; Appendix C).  

 

Figure 3.1: Previously recorded bilby burrow revisited during the current survey 
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3.3 Camera Trapping of Burrows 
No greater bilby were recorded from the camera traps deployed at bilby burrows during the current 

survey. However, two species were recorded using the bilby burrows, comprising a cat at monitoring 

site VHBM-09 and sand goanna at VHBM-18 (Figure 3.2; Figure 3.3; Appendix C). The cat recorded 

on the camera trap was the same individual that was opportunistically witnessed using the bilby burrow 

during targeted searches at site VHBM-18.  

 

Figure 3.2: Cat captured using a bilby burrow at site VHBM-09 
 

 

Figure 3.3: Sand goanna captured using a bilby burrow at site VHBM-18 
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3.4 Scat Genotyping 
Of the 45 scats submitted for genetic analysis (Biologic, 2020), a total of eight scats were successfully 

genotyped (Appendix D). The length of time between collection and analysis (12 months) is likely a 

contributing factor to the low number of scats successfully genotyped. For future monitoring surveys, it 

will be recommended to have analysis completed as soon as possible after the survey and scat 

collection. Based on the genotyping results, a total of two individuals were identified, comprising of one 

male and one female (Appendix D). 

The scats collected and tracks recorded during the Biologic (2020) baseline fauna survey indicated 

more than one individual was present. Following Southgate (2005), scat sizes and tracks were indicative 

of at least one large male and at least one smaller male/ or female, consistent with the scat genotyping 

results. 
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4 DISCUSSION 

4.1 Greater Bilby Presence and Abundance 
Greater bilbies are highly cryptic and not easily observed, and in addition are often sparsely distributed 

across big areas, with individuals capable of moving large distances across the landscape (DBCA, 

2017). The lack of observations of the species within the Study Area during the current survey therefore 

does not mean that greater bilbies will not use the habitats of the Study Area in the future (DBCA, 2017). 

Although only two individuals were identified from the scat genotyping results from the Biologic (2020) 

baseline fauna survey, the species often occurs in low abundance (Southgate et al., 2007), as 

populations naturally occur as scattered solitary or small groups (Smythe & Philpott, 1968; Southgate, 

1990a). Groups of greater bilby often occur at a density of 1–2 individuals per km2 and up to 12–16 

individuals per km2 in areas of optimal habitat (Southgate, 1987). 

Several factors were identified which may have an influence over the occurrence and abundance of 

greater bilby within the Study Area including feral predators, mining/ exploration disturbance and fire. 

Feral cats were recorded for the first time within the Study Area during the current survey, having 

previously not been recorded during the Biologic (2020) baseline surveys. Evidence of feral cats 

consisted mainly of tracks; however, one individual was recorded utilising two different bilby burrows. 

Additionally, the number of dog/ dingo records has substantially decreased between the baseline fauna 

survey and the current monitoring survey, most likely as a result from the dog/ dingo cull that occurred 

around the Study Area. The decrease in dog/ dingo numbers and the simultaneous increase in feral cat 

numbers is likely to have an impact on greater bilby occurrence within the Study Area.   

Exploration and mining activity within the Study Area has increased exponentially since the Biologic 

(2020) baseline survey, with additional tracks having been cleared, infrastructure constructed and 

development of the decline currently in progress. During the Biologic (2020) baseline survey, the 

majority of greater bilby records were observed in unburnt primary habitat near sites VHBM-07 and 

VHBM-09 located in the northwest of the Study Area (Table 2.2). Since the baseline survey, exploration 

activity within the northwest of the Study Area has increased, with a road/ access track and evidence 

of past exploration activity (cleared drill pad) located <100m from where greater bilby evidence was 

previously recorded. Currently, exploration activity is located ~210 m away from VHBM-07 and ~638 m 

away from VHBM-09 (Table 3.1), and in addition the road/ access track near the sites has since been 

blocked off. 

The last factor which may influence the abundance of greater bilby is evidence of recent fire throughout 

the Study Area. Several of the monitoring sites consisted of areas that were recently burnt; however, 

these areas still provide secondary (supporting) foraging and dispersal habitat, particularly if the sites 

are in proximity to unburnt areas. Foraging and dispersal by the species is likely to occur more broadly 

across these habitats throughout the Study Area; however, utilisation of recently burnt areas is likely to 

be dependent on the overall condition and extent of post-fire regeneration occurring. These burnt areas 

are likely to be utilised more frequently as further regeneration occurs, particularly for foraging and may 

provide primary habitat in future. Utilisation of burnt areas for burrowing may not occur for a prolonged 
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period until vegetation reaches the same maturity of the currently unburnt areas. Future monitoring 

surveys may record evidence of greater bilby within these burnt monitoring sites as post-fire 

regeneration occurs. Further details on the potential factors that might impact on greater bilby 

occurrence and abundance can be found in Table 4.1. 

Although no greater bilbies were recorded utilising bilby burrows during the current survey, disused 

bilby burrows have been found to be important structures for a range of species that use burrows as a 

permanent or short-term shelter (Hofstede & Dziminski, 2017). Typically the greater bilby will have 

several burrows excavated within its home range and frequently move between them (Moseby & 

O'Donnell, 2003). The presence of feral cat within two different bilby burrows is a likely factor as to why 

they are not currently occupied by the species, however future monitoring surveys should resurvey 

known bilby burrows within the Study Area each year to check for usage.
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Table 4.1: Factors potentially influencing greater bilby occurrence and abundance 

Factor Relevance Potential impact on results 

Feral predators 

Previously occupied areas utilised by greater bilbies 
may be vacated for alternative areas as a response to 
feral predators (Southgate, 1987). Feral cats are a 
primary threat to many threatened species, with 
numerous examples of cats causing localised 
population declines (McGregor et al., 2015; Risbey et 
al., 1999). 

High. During the initial baseline survey conducted by Biologic (2020), the only feral predator 
recorded was dog/ dingo from 64 records across the Study Area. Between the initial baseline 
survey and the monitoring survey, a cull of dog/ dingo numbers was performed around the 
Study Area. During the current monitoring survey, dog/ dingo was recorded only twice at two 
monitoring sites. However, feral cat was recorded at ten monitoring sites during the current 
survey, including one live individual witnessed utilising two different bilby burrows. A study by 
Southgate (2006) found that there was a positive association between bilby and dog/ dingoes, 
as a substantial part of the dog/dingo diet in the study was feral cats. Therefore, the decrease 
in dog/ dingo numbers and the simultaneous increase in feral cat numbers is likely to have an 
impact on greater bilby occurrence within the Study Area.   

Mining and 
exploration 
disturbance 

Noise, light and ground disturbance caused by 
exploration and mining activity may influence greater 
bilby occurrence. 

Moderate. Potential disturbance from exploration and mine development activities including 
drilling and clearing can impact on the occurrence of greater bilby within the Study Area 
(particularly when mining activity is near bilby activity). Although likely that the species will 
move on from areas close to mining disturbance, there has been records of greater bilby in 
disturbed areas from bilby pre-clearance work within the Study Area (Biologic, 2021). The 
records found within disturbed areas likely represent an individual foraging/ dispersing. 
Disturbance details relating to each monitoring site are presented in Table 3.1.  

Fire 

Fire has been identified as an important process in 
greater bilby ecology and occurrence, particularly due 
to many plant species that make up the greater bilby 
diet (Southgate, 1990b; Southgate & Carthew, 2007; 
Southgate & Carthew, 2006; Southgate et al., 2007). 
Unburnt vegetation represents higher value foraging 
and burrowing habitat for the species.  

Low. Although there is evidence of recent fire throughout the Study Area, there are also 
scattered areas of unburnt vegetation throughout providing higher value habitat for the greater 
bilby. The species is known to utilise mosaic habitats comprising unburnt areas and areas at 
various stages of post-fire regeneration, often primarily utilising unburnt areas but venturing 
into burnt areas during foraging and dispersal movements (Southgate & Carthew, 2007; 
Southgate & Carthew, 2006; Southgate et al., 2007). The utilisation of burnt areas however is 
often associated with post-fire regeneration of vegetation, which is heavily dependent on 
rainfall events to occur successfully (Southgate & Carthew, 2007).  

Weather 
conditions 

Greater bilbies move throughout the landscape in 
response to resource availability influenced by climatic 
conditions (Southgate, 1987; Southgate et al., 2007). 

Low. Weather conditions during the survey were comparable to long-term averages for that 
time of year. On one night during the survey a lightning storm accompanied by rain was 
experienced, however the storm was only mild. The weather conditions experienced during 
the survey were unlikely to have impacted the occurrence of greater bilby. 

Previous rainfall 
The amount of rainfall in preceding wet seasons can 
impact the availability of resources, which can in turn 
influence the distribution and abundance of the species. 

Negligible. The higher-than-average rainfall in January preceding the monitoring survey 
would have had a beneficial impact on the food and habitat resources within the Study Area, 
especially aiding in post-fire regeneration, therefore unlikely to have affected the occurrence 
of greater bilby.  
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Factor Relevance Potential impact on results 

Breeding cycle 

In environments where rainfall is low and often 
unpredictable, the greater bilby has been observed to 
breed throughout the year (Moseby & O'Donnell, 2003; 
Southgate et al., 2000). However, the main drivers of 
breeding activity are habitat and climatic conditions 
(e.g. rainfall) that influence resource availability (Berris 
et al., 2019). 

Negligible. Breeding activity of the species is unlikely to have impacted the results of the 
monitoring survey. Limited information is known on the breeding biology of greater bilby, 
however whether the species was breeding or not during the monitoring survey is unlikely to 
impact on the ability to detect the species. 
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4.2 Survey Limitations 
The EPA outlines a number of factors that can affect the adequacy of fauna surveys (EPA, 2020). These 

were assessed in relation to the current survey and no significant limitations were identified (Table 4.2). 

Table 4.2: Survey limitations 

Potential 
limitation Applicability to this survey Limitation 

to survey 

Scope 

The scope of the survey provided for the development and implementation of a 
bilby monitoring program to obtain data on the species presence and, where 
possible, abundance within the Study Area, to meet requirement of the 
HPBMP. 

No 

Survey effort 
and 
completeness  

A bilby monitoring survey was undertaken across the Study Area to meet the 
requirements of the HPBMP. The survey was completed with long term 
monitoring sites and photo monitoring points established through the Study 
Area (and in some regional areas) for future monitoring surveys. Several 
heritage artefacts were identified at VHBM-17, as such the site may not be 
accessible during future monitoring surveys to minimise any impacts on the 
artefacts. An alternative site may be required. Two proposed monitoring sites 
were not established to the south of the Study Area due to access limitations, 
however these sites can be established during future surveys so it is not 
considered detrimental to the overall results. 

No 

Competency 
and 
experience of 
survey team 

The field survey was undertaken by Ray Lloyd (Senior Zoologist) and Courtney 
Proctor (Zoologist), who collectively have more than 20 years’ experience 
completing terrestrial fauna surveys throughout Western Australia, including 
monitoring projects and surveys of similar scope or relevance, including 
previous baseline surveys and bilby pre-clearance surveys for the Project.  

Additionally, Heritage and Ecological Advisors representing the Traditional 
Owners of the Martu native title determination, which encompasses the Study 
Area, assisted with sampling, and provided traditional ecological knowledge of 
the Study Area and the fauna occurring within during the monitoring survey. 

No 

Efficacy of 
methods 

The survey successfully applied monitoring techniques developed following 
consultation with DBCA bilby researchers (Dr Martin Dziminski and Dr Fiona 
Carpenter), to align with DBCA bilby monitoring methods and recommendations 
(Dziminski & Carpenter, 2016, 2017). However, a number of scats were unable 
to be genotyped following extraction methods performed resulting in fewer 
results. This is considered to only be a minor limitation as all the scats were 
collected in close proximity and likely to have originated from one or only a few 
individuals anyway.  

Partial 

Timing of 
survey, 
weather, 
seasonality 

The annual monitoring survey was completed in late October. There were no 
seasonal requirements within the HPBMP. 

Weather conditions during the survey were appropriate, however rainfall 
occurred the night of the 30th of October. As a result, evidence of greater bilby 
for the final two sites monitored on the 31st of October was restricted to recent 
evidence only as all evidence prior to the rainfall event had been washed 

away.  

Partial 

Disturbances  

(e.g. fire or 
flood)  

No major disturbance occurred during or immediately prior to the survey. 
However, general mining activity occurred throughout the Study Area and may 
have impacted species presence. No recent fire has occurred in the Study 
Area and therefore this is not considered a limitation. 

No 

Availability of 
data and 
information 

Previous baseline fauna surveys undertaken for the Project were available for 
review. 

No 
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Potential 
limitation Applicability to this survey Limitation 

to survey 

Remoteness 
or access 
issues 

The Study Area was largely accessible either by vehicle or on foot. The south-
eastern extent of the Study Area was not accessible due to access limitations 
resulting from heritage clearance; however, the extent of accessible areas was 
sufficient for required sampling to be undertaken within the Study Area. 
However, additional regional sites proposed could not be implemented due to 
access to other tenements not permitted, limiting the number and location of 
regional monitoring sites. The restriction on regional monitoring sites limits the 
amount of contextual data and control sites that can be used as a comparison 
for the Study Area sites.   

Yes 
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5 CONCLUSION  

Although greater bilbies were recorded during the Biologic (2020) baseline fauna survey, with scat 

genotyping results indicating the presence of at least two individuals, no evidence of greater bilby was 

recorded during the current survey. Several factors were identified which may have an influence over 

the occurrence and abundance of greater bilby within the Study Area including fire, mining/ exploration 

disturbance and feral predators.  

Several of the monitoring sites consisted of areas that were recently burnt; however, these areas still 

provide secondary (supporting) foraging and dispersal habitat, particularly if the sites are in proximity to 

unburnt areas. These burnt areas are likely to be utilised more frequently as further regeneration occurs, 

particularly for foraging and may provide primary habitat in the future. 

Since the Biologic (2020) baseline fauna survey, exploration and mining activity within the Study Area 

has increased exponentially. Although likely that the species will move on close to mining disturbance, 

there have been records of greater bilby within the disturbed areas from bilby pre-clearance works 

within the Study Area, likely representing an individual foraging/ dispersing. Therefore, although mining 

disturbance may impact the species occurrence, greater bilby may still utilise the disturbed areas to 

forage/ disperse and evidence could still be recorded during the monitoring surveys. 

The increase in feral predators recorded (particularly feral cat) is one of the most likely factors to impact 

greater bilby occurrence within the Study Area. The simultaneous increase in feral cat numbers and the 

decrease in dog/ dingo numbers is likely to have an impact on greater bilby occurrence within the Study 

Area. It is recommended that the availability of water and food resources for predators be minimised as 

much as practicable (as outlined in the HPBMP) and a feral cat management program be implemented 

within the Study Area to reduce the risk of greater bilby predation. 

As this is the first annual monitoring survey for the greater bilby, this assessment provides the baseline 

dataset for which future monitoring will be compared against. The greater bilby is highly cryptic, 

extremely mobile and not easily observed, therefore the lack of observations during the current survey 

does not necessitate that greater bilbies will not use the habitats of the Study Area in the future.  

Future monitoring data will provide a better foundation for analysis of bilby population trends over time. 

The addition of more monitoring sites, particularly regional control sites, will increase the likelihood that 

the species will be recorded and provide more contextual data to compare the impact sites with. The 

data can be used to evaluate if potential impacts on the species as a result of the Project are minimised 

to the maximum extent practicable. 
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7 APPENDICES 

Appendix A – Monitoring site habitat assessments 
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Site ID Coord. Date 
Habitat 

Type 
Landform Aspect Slope 

Soil 
Type 

Soil 
Avail. 

Outcropping 
Rock Type 

Rock Size 
Veg. 
Litter 

Dominant Veg. Type 
Rocky 

Cracks / 
Crevices 

Burrowing 
Suitability 

Hollows 
<10cm 

Hollows 
>10cm 

Water 
present 

Disturbances Last Fire Notes 

VHBM-
01 

-21.7021, 
122.6076 

30/10/2021 
Sand 
Plain 

Sand 
Plain 

Flat Flat Sand 
Evenly 
Spread 

Negligible Negligible 
Few Small 

Patches 

Acacia Shrubland, 
Spinifex Hummock 

Grassland 
Nil Very High None None None 

Road/ Access 
Track 

Moderate 
(3 to 5 yr) 

 

VHBM-
02 

-21.7112, 
122.6035 

30/10/2021 
Sand 
Plain 

Sand 
Plain 

Flat Flat Sand 
Evenly 
Spread 

Negligible Negligible 
Few Small 

Patches 

Acacia Shrubland, 
Spinifex Hummock 

Grassland 
Nil Very High None None None 

None 
Discernible 

Old (6+ yr) Patches of moderate fire 

VHBM-
03 

-21.7221, 
122.6140 

30/10/2021 
Sand 
Plain 

Sand 
Plain 

Flat Flat Sand 
Evenly 
Spread 

Negligible Negligible 
Few Small 

Patches 

Acacia Shrubland, 
Spinifex Hummock 

Grassland 
Nil Very High None None None 

None 
Discernible 

Old (6+ yr) Patches of moderate fire 

VHBM-
04 

-21.7391, 
122.6084 

29/10/2021 
Sand 
Plain 

Sand 
Plain 

Flat Flat Sand 
Evenly 
Spread 

Negligible Negligible 
Few Small 

Patches 

Scattered Eucalypts, 
Acacia Shrubland, 
Spinifex Hummock 

Grassland 

Nil Very High None None None 
None 

Discernible 
Moderate 
(3 to 5 yr) 

Patches of recent fire. 

VHBM-
05 

-21.7076, 
122.6339 

29/10/2021 
Sand 
Plain 

Sand 
Plain 

Flat Flat Sand 
Evenly 
Spread 

Negligible Negligible 
Few Small 

Patches 

Acacia Shrubland, 
Spinifex Hummock 

Grassland 
Nil Very High None None None 

Road/ Access 
Track 

Moderate 
(3 to 5 yr) 

Patches of recent fire 

VHBM-
06 

-21.7070, 
122.6554 

27/10/2021 
Sand 
Plain 

Sand 
Plain 

Flat Flat Sand 
Evenly 
Spread 

Negligible Negligible 
Few Small 

Patches 

Acacia Shrubland, 
Spinifex Hummock 

Grassland 
Nil Very High None None None 

None 
Discernible 

Moderate 
(3 to 5 yr) 

2ha plot targeting old growth 

VHBM-
07 

-21.7134, 
122.6667 

27/10/2021 
Sand 
Plain 

Sand 
Plain 

Flat Flat Sand 
Evenly 
Spread 

Negligible Negligible 
Many 
Small 

Patches 

Acacia Shrubland, 
Spinifex Hummock 

Grassland 
Nil Very High None None None 

None 
Discernible 

Old (6+ yr)  

VHBM-
08 

-21.7082, 
122.6817 

27/10/2021 
Sand 
Plain 

Sand 
Plain 

Flat Flat Sand 
Evenly 
Spread 

Negligible Negligible 
Many 
Small 

Patches 

Scattered Eucalypts, 
Acacia Shrubland, 
Spinifex Hummock 

Grassland 

Nil Very High None None None 
None 

Discernible 
Old (6+ yr)  

VHBM-
09 

-21.7190, 
122.6771 

27/10/2021 
Sand 
Plain 

Sand 
Plain 

Flat Flat Sand 
Evenly 
Spread 

Negligible Negligible 
Few Small 

Patches 

Acacia Shrubland, 
Spinifex Hummock 

Grassland 
Nil Very High None None None 

None 
Discernible 

Old (6+ yr)  

VHBM-
10 

-21.7161, 
122.6181 

28/10/2021 
Sand 
Plain 

Sand 
Plain 

Flat Flat Sand 
Evenly 
Spread 

Negligible Negligible 
Few Small 

Patches 

Acacia Shrubland, 
Spinifex Hummock 

Grassland 
Nil Very High None None None 

None 
Discernible 

Moderate 
(3 to 5 yr) 

 

VHBM-
11 

-21.7184, 
122.6376 

26/10/2021 
Sand 
Plain 

Sand 
Plain 

Flat Flat Sand 
Evenly 
Spread 

Negligible Negligible 
Few Small 

Patches 

Acacia Shrubland, 
Spinifex Hummock 

Grassland 
Nil Very High None None None 

Road/ Access 
Track 

Recent (0 
to 2 yr) 

 

VHBM-
12 

-21.7247, 
122.6602 

26/10/2021 
Sand 
Plain 

Sandy/ 
Stony 
Plain 

Flat Flat Sand 
Evenly 
Spread 

Negligible Negligible 
Few Small 

Patches 

Acacia Shrubland, 
Spinifex Hummock 

Grassland 
Nil High None None None 

Road/ Access 
Track 

Old (6+ yr) 
Evidence of recent fire to the 

south 

VHBM-
13 

-21.7301, 
122.6776 

26/10/2021 
Sand 
Plain 

Sand 
Plain 

Flat Flat Sand 
Evenly 
Spread 

Negligible Negligible 
Few Small 

Patches 

Acacia Shrubland, 
Spinifex Hummock 

Grassland 
Nil Very High None None None 

Road/ Access 
Track 

Old (6+ yr)  

VHBM-
14 

-21.7277, 
122.6226 

30/10/2021 
Sand 
Plain 

Sand 
Plain 

Flat Flat Sand 
Evenly 
Spread 

Negligible Negligible 
Few Small 

Patches 

Acacia Shrubland, 
Spinifex Hummock 

Grassland 
Nil Very High None None None 

None 
Discernible 

Old (6+ yr) Patches of moderate fire 

VHBM-
15 

-21.7391, 
122.6267 

29/10/2021 
Sand 
Plain 

Sand 
Plain 

Flat Flat Sand 
Evenly 
Spread 

Negligible Negligible 
Few Small 

Patches 

Acacia Shrubland, 
Spinifex Hummock 

Grassland 
Nil Very High None None None 

None 
Discernible 

Moderate 
(3 to 5 yr) 

 

VHBM-
16 

-21.7372, 
122.6569 

28/10/2021 
Sand 
Plain 

Sand 
Plain 

Flat Flat Sand 
Evenly 
Spread 

Negligible Negligible 
Few Small 

Patches 

Acacia Shrubland, 
Spinifex Hummock 

Grassland 
Nil Very High None None None 

None 
Discernible 

Old (6+ yr) 
Fire scar runs through part of 

the 2ha plot 
 

VHBM-
17 

-21.6982, 
122.6315 

29/10/2021 
Sand 
Plain 

Sand 
Plain 

Flat Flat Sand 
Evenly 
Spread 

Negligible Negligible 
Few Small 

Patches 

Acacia Shrubland, 
Spinifex Hummock 

Grassland 
Nil Very High None None None 

None 
Discernible 

Recent (0 
to 2 yr) 

Site removed from future 
monitoring surveys due to 
heritage artefacts found 

VHBM-
18 

-21.7145, 
122.6742 

27/10/2021 
Sand 
Plain 

Sand 
Plain 

Flat Low Sand 
Evenly 
Spread 

Negligible Negligible 
Few Small 

Patches 

Acacia Shrubland, 
Spinifex Hummock 

Grassland 
Nil Very High None None None 

None 
Discernible 

Old (6+ yr) 
Not a monitoring site, 

opportunistic camera trap site 
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Site ID 
(photo 
date) 

Photo 

VHBM-01 
(30/10/2021) 

 

VHBM-02 
(30/10/2021) 
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Site ID 
(photo 
date) 

Photo 

VHBM-03 
(30/10/2021) 

 

VHBM-04 
(29/10/2021) 
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Site ID 
(photo 
date) 

Photo 

VHBM-05 
(29/10/2021) 

 

VHBM-06 
(27/10/2021) 
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Site ID 
(photo 
date) 

Photo 

VHBM-07 
(27/10/2021) 

 

VHBM-08 
(27/10/2021) 
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Site ID 
(photo 
date) 

Photo 

VHBM-09 
(27/10/2021) 

 

VHBM-10 
(28/10/2021) 
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Site ID 
(photo 
date) 

Photo 

VHBM-11 
(26/10/2021) 

 

VHBM-12 
(26/10/2021) 
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Site ID 
(photo 
date) 

Photo 

VHBM-13 
(26/10/2021) 

 

VHBM-14 
(30/10/2021) 
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Site ID 
(photo 
date) 

Photo 

VHBM-15 
(29/10/2021) 

 

VHBM-16 
(28/10/2021) 
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Site ID 
(photo 
date) 

Photo 

VHBM-17 
(29/10/2021) 
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Appendix C – Species recorded during the current survey 
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Scientific Name Common Name 

H
B

M
-0

1 

H
B

M
-0

2 

H
B

M
-0

3 

H
B

M
-0

4 

H
B

M
-0

5 

H
B

M
-0

6 

H
B

M
-0

7 

H
B

M
-0

8 

H
B

M
-0

9 

H
B

M
-1

0 

H
B

M
-1

1 

H
B

M
-1

2 

H
B

M
-1

3 

H
B

M
-1

4 

H
B

M
-1

5 

H
B

M
-1

6 

H
B

M
-1

7 

H
B

M
-1

8 

MAMMALS                    

CAMELIDAE                     

Camelus 
dromedarius 

*Camel S T T S, T S, T T T T  T S, T T T S T S T 
 

CANIDAE                     

Canis familiaris *Dog ID     T             

FELIDAE                     

Felis catus *Cat    T T T T T 
T, 
CT 

T T  T  T   IA 

THYLACOMYIDAE                   

Macrotis lagotis Greater bilby       BI  BI         BI 

AVES                    

OTIDIDAE                    

Ardeotis australis Australian bustard     T T  T T  T  T  T T T  

REPTILES                    

AGAMIDAE                    

Moloch horridus Thorny devil       S            

VARANIDAE                    

Varanus gouldii Sand goanna 
BA, 
IA 

D  D D   
BA, 
IA 

D   
BA, 
IA 

T D D T  CT 

T = track, S = scat, D= digging, IA = individual alive, ID= individual dead, BA = burrow active, BI = burrow inactive, CT = recorded via camera trap 
*Introduced 
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Appendix D – Scat genotyping results 
  



Biodiversity and Conservation Science 
Department of Biodiversity, Conservation and Attractions 

Locked Bag 104, Bentley Delivery Centre, Western Australia 6983 
Phone: (08) 9219 9000      dbca.wa.gov.au 

Enquiries:  Fiona Carpenter  

Phone:  08 9405 5120 

Email:   fiona.carpenter@dbca.wa.gov.au  

 

 

 

 

 

 

 

 

 
Ryan Ellis  
Principal Zoologist  
Biologic Environmental Survey 
PO Box 179 
Leederville  WA  6902 
 
Genotyping of bilby scats collected from Havieron Site, east of Telfer, Western Australia. 
Fiona Carpenter and Shelley McArthur 
 
Background and field sampling 
Biologic Environmental Survey provided 45 scat samples to the Department of Biodiversity, 
Conservation and Attractions for genotyping, all of which were confirmed to be greater bilby 
(Macrotis lagotis) scats (Table 1). Samples were opportunistically collected from the 18th – 24th 
March and 10th – 13th June 2020 as part of a baseline survey. Samples were placed in envelopes 
and stored frozen at -20oC in the envelopes and ziplock bag until DNA extraction was undertaken. 
 
Laboratory analyses 
DNA extractions were completed using the Omega Bio-tek MagBind® Stool DNA 96 Kit (Omega 
Bio-tek, Norcross, GA, USA) with modifications to the manufacturer’s Inhibitor Rich Protocol. DNA 
was screened using eight highly polymorphic microsatellite markers (Table 2). These were 
multiplexed into two polymerase chain reactions (PCR) using the Qiagen Multiplex PCR Plus Kit. 
PCR amplification was performed as described in Carpenter and Dziminski (2017). Y chromosome 
linked markers, to determine the sex of the individual from which the sample was obtained, were 
trialed on the DNA samples that were successfully genotyped (Table 3). The PCR product was 
then analyzed on an ABI3730XL Sequencer, sized using GeneScanTM 500 LIZ® size standard, and 
genotyped using Genemapper Software 6 (Applied Biosystems, Waltham, MA, USA).  
 
Genotyping 
Of the 45 supplied samples, eight samples yielded DNA and amplified at enough loci to include in 
identity analysis (Table 3). Genotyping using the eight loci identified two distinct individuals, one 
male and one female (Table 3). 
 
Recommendations 
Since the samples were collected opportunistically across a limited area, abundance analyses were 
unable to be completed. Maximum likelihood spatially explicit capture-recapture analyses (SECR: 
Efford 2004) can be used to calculate densities and numbers of animals within activity areas or 
across larger tracts of occupied habitat selected for survey. These analyses require systematically 
collected samples from within delineated activity areas or a selected defined portion of land that is 
spatially continuously occupied. Two previous studies (Dziminski et al. 2018; Dziminski et al. 2019) 
are attached as examples should abundance need to be estimated in the future. We also 
recommend that scat samples collected be stored in vials with silica gel and cotton wool as 
described in Dziminski and Carpenter (2021) to ensure scats are protected and kept dry. This will 
assist in preserving the scat DNA and increase the likelihood of successful genotyping.  
 
Sincerely, 
 
Fiona Carpenter 
Senior Technical Officer 
11 March 2020 

 

 



 
Biodiversity and Conservation Science 

Department of Biodiversity, Conservation and Attractions 
Locked Bag 104, Bentley Delivery Centre, Western Australia 6983 

Phone: (08) 9219 9000      dbca.wa.gov.au 
 

 
Table 1. Bilby scat samples provided by Biologic. 

Site ID DBCA ID Site Latitude Site Longitude Date Collected 
VHAV-116 D0272 -21.71788101 122.6814855 10/06/2020 
 D0273    
 D0274    
 D0275    
 D0276    
VHAV-127 D0277 -21.71359363 122.6700897 10/06/2020 
VHAV-128 D0278 -21.71476108 122.6742414 10/06/2020 
 D0279    
 D0280    
 D0281    
 D0282    
 D0283    
 D0284    
VHAV-141 D0285 -21.71297533 122.66503 11/06/2020 
 D0286    
 D0287    
 D0288    
 D0289    
 D0290    
 D0291    
VHAV-142 D0292 -21.71260871 122.6669649 11/06/2020 
 D0293    
 D0294    
VHAV-163 D0295 -21.71868105 122.676819 13/06/2020 
 D0296    
 D0297    
 D0298    
 D0299    
 D0300    
 D0301    
 D0302    
 D0303    
 D0304    
 D0305    
 D0306    
 D0307    
 D0308    
 D0309    
 D0310    
VHAV-01 D0311 -21.73037533 122.677067 18/03/2020 
VHAV-08 D0312 -21.71362353 122.6260582 21/03/2020 
VHAV-06 D0313 -21.72096415 122.6316814 20/03/2020 
 D0314    
 D0315    
VHAV-33 D0316 -21.61683898 122.3024423 24/03/2020 
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Table 2. Microsatellite and sex-linked markers used in PCR. 

 
  
 
Table 3. Individuals and sex identified from scat samples. 

Individual DBCA ID Site Site 
Latitude 

Site 
Longitude 

Sex 

      
1 D0272 VHAV-116 -21.71788 122.68149 F 
1 D0280 VHAV-128 -21.71476 122.67424 F 
1 D0281 VHAV-128 -21.71476 122.67424 F 
1 D0284 VHAV-128 -21.71476 122.67424 F 
2 D0285 VHAV-141 -21.71298 122.66503 M 
2 D0288 VHAV-141 -21.71298 122.66503 M 
2 D0289 VHAV-141 -21.71298 122.66503 M 
2 D0294 VHAV-142 -21.71261 122.66696 M 
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