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Declaration of accuracy 

In making this declaration, I am aware of sections 490 and 491 of the Environment Protection 

and Biodiversity Conservation Act 1999 (EPBC Act) making it an offence in certain 

circumstances to knowingly provide false or misleading information or documents. The offence 

is punishable on conviction by imprisonment or a fine, or both. I declare that all the information 

and documentation supporting this compliance report is true and correct in every particular. I 

am authorised to bind the approval holder to this declaration and that I have no knowledge of 

that authorisation being revoked at the time of making this declaration. 

 

 

Signed      

Full name (please print)  Dr Gaomai Trench 

Position (please print) General Manager Health, Safety, Environment and 

Communities  

Organisation    Karara Mining Ltd / 68 070 871 831 

Date      29 June 2022 
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1 INTRODUCTION  

This Annual Compliance Report 2021 has been prepared by Karara Mining Limited (KML) to 

demonstrate compliance with the Karara Iron Ore Project (KIOP) conditions of approval under 

the Environment Protection and Biodiversity Conservation Act, 1999 (EPBC Act) (2006/3017).  

A list of the definitions referred to in this report is listed in Table 1. 

Table 1: Definitions 

Term Description 

CMSR Centre for Mine Site Restoration 

DAWE Department of Agriculture, Water and Environment  

DBCA (WA) Department of Biodiversity, Conservation and Attractions 

DMIRS (WA) Department of Mines, Industry Regulation and Safety 

EPBC Act Environmental Protection and Biodiversity Conservation Act 1999 

EMS  Environmental Management System 

GIS Geographical Information System 

KIOP Karara Iron Ore Project 

KML Karara Mining Limited 

TSF Tailings Storage Facility 

WStS Western Spiny-tailed Skink  
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2 DESCRIPTION OF ACTIVITIES 

A description of the approved actions and activities undertaken by KML in the reporting period 

is listed in Table 2.  

Table 2: Description of Activities  

Approval Description 

EPBC Number  2006/3017 

Project Name  Karara Iron Ore Project (KIOP) 

ACN 070 871 831 

Approved Action  To construct and operate a magnetite iron ore mine, processing plant and 

associated infrastructure, as described in the Public Environmental 

Review, dated September 2008 

Activities undertaken 

in the reporting period  

Karara Mining Limited continued to maintain KIOP in its operational phase 

of the project. During the reporting period KML have: 

 Undertaken magnetite ore mining and processing 

 Continued operations of project infrastructure (rail, transmission 

line, water and port).  

Location Mid-West Region of WA approximately 215 km south-east of Geraldton 

and 320 km north-northeast of Perth. 

Responsibility Dr Gaomai Trench: General Manager Health, Safety, Environment and 

Communities 

Reporting Period 1 July 2021 to 30 June 2022 

Report Date  29 June 2022 
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3 COMPLIANCE WITH APPROVAL CONDITIONS 

KML conducted an audit against all Conditions of Approval (2006/3017) in June 2022. The 

findings are outlined in Table 3 below.  

One minor non-compliance was in relation to Condition 3, which requires tenements M59/650, 

E59/1138, 59/1496-99 and E59/1500 to be relinquished by 31 March 2012 or, if not 

relinquished, KML was to provide an offset area approved by the Minister.   

All tenements have now been relinquished, with M59/650 (being the final tenement) being 

surrendered on Friday 18th June 2021 and the surrender of M59/650 was registered with the 

DMIRS on 17th August 2021. 

As the requirement for Condition 3 is to relinquish tenure for the purposes of the development 

of a Class A Nature Reserve, KML is of the opinion that this condition has now been met, and 

for future reports will be marked as ‘complete’.  

KML were compliant with all other Conditions of Approval. 
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Table 3: Compliance Table 

Ref. Condition 
Compliant / Non-

Compliant 
Finding Evidence 

1.01 

In order to minimise the impact on the EPBC listed 

endangered WStS (Egernia stokesii badia) the person 

taking the action must implement the Environmental 

Procedure – WStS Management, Monitoring and 

Translocation, dated 18 September 2017.  

Compliant 

The WStS Management, Monitoring and Translocation Procedure CORP-EN-PRO-1024 was 

implemented in 2010, prior to the commencement of operations in 2013. 

During the reporting period, WStS monitoring was undertaken in accordance with the WStS 

Management and Monitoring Procedure CORP-EN-PRO-1024. Results are detailed in Section 4.2 of 

this report. 

The procedure was recently updated (now rev 5) in April 2022 and provided to DAWE on 13 April 2022 

as required under Condition 7. Further details of revision of this procedure are provided under Condition 

7. 

 KML Environmental Procedure - WStS 

Management, Monitoring and 

Translocation (CORP-EN-PRO-1024_4) 

dated 18/09/2017. 

 KML WStS Monitoring register and 

sighting data sheets.  

2.01 

In order to minimise the impact on the EPBC listed 

vulnerable Malleefowl (Leipoa ocellata) the person 

taking the action must implement the Environmental 

Procedure – Malleefowl Management and Monitoring, 

dated 27 November 2017. 

Compliant 

The Malleefowl Management and Monitoring Procedure CORP-EN-PRO-1035 was implemented in 

2010, prior to the commencement of operations in 2013. 

During the reporting period, Malleefowl monitoring was undertaken in accordance with the Malleefowl 

Management and Monitoring Procedure CORP-EN-PRO-1035. Results are detailed in Section 4.1 of 

this report.  

The procedure was recently updated (now rev 5) in April 2022 and provided to DAWE on 13 April 2022 

as required under Condition 7. Further details of revision of this procedure are provided under Condition 

7.  

 KML Environmental Procedure - 

Malleefowl Management and Monitoring 

(CORP-EN-PRO-1035) revision 4 dated 

7/10/2019. 

 KML Malleefowl register. 

3.01 

In order to minimise the impact on the EPBC listed 

endangered WStS (Egernia stokesii badia) and the 

EPBC listed vulnerable Malleefowl (Leipoa ocellata) 

from the loss of potential habitat the person taking the 

action must relinquish tenure over the tenements 

M59/650, E59/1138, 59/1496-99 and E59/1500 at or 

before the time the Government of Western Australia 

gazettes the areas for the purpose of Conservation 

and/or: 

a) by 31 March 2012 provide the Department with 

confirmation that the tenements have been relinquished 

and secured under a conservation agreement or, if not, 

Minor Non-

Compliant 

As per previous annual audit reports, the tenements E59/1138, E59/1496-99 and E59/1500 were 

surrendered on 21 February 2014, with all but E59/1138 being placed into an area classified as Section 

19 under the Mining Act 1978. 

In June 2021, KML surrendered Mining Lease M59/650, after all rehabilitation commitments had been 

met and a sign-off inspection had occurred by the Department of Biodiversity, Conservation and 

Attractions (DBCA) and Department of Mines, Industry Regulation and Safety (DMIRS) in late 2020. 

On 17 August 2021, surrender of M59/650 was formally registered with the Department of Mine, 

Industry Regulation and Safety (DMIRS). 

Whilst the State and Federal Governments are aware of the status of tenement relinquishment, and 

KML has been actively addressing this requirement for a number of years, failure to relinquish M59/650 

within the required timeframe is considered a minor non-compliance.  

As all required tenements have been relinquished, this condition is now classified as ‘Closed’.  

 EPBC Referral and Determination for 

Mungada Ridge Rehabilitation (Mining 

Lease 59/650) (EPBC 2019/8556) 

 Letters to DMIRS and DBCA outlining 

status of Mungada Ridge Rehabilitation 

(dated 21 May 2020) 

 Email to the DAWE outlining surrender of 

Mining Lease M59/650 

 Registration of surrender of M59/650 on 

DMIRS Mineral Titles Online (MTO) on 17 

August 2021. 

 Final surrender report for M59/650 was 

submitted to the DMIRS on 1 December 

2021. 
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Ref. Condition 
Compliant / Non-

Compliant 
Finding Evidence 

3.02 

b) Provide an offset area approved by the Minister, of at 

least equal area to the project's disturbance footprint 

and with suitable habitat for both WStS and Malleefowl, 

which can be vested for conservation purposes. 

Not Applicable 
As M59/650 has been surrendered, it can be considered that this alternative is now no longer required. 

This condition is now considered ‘Closed’ 
As above 

4.01 

In order to increase knowledge of the EPBC listed 

endangered WStS (Egernia stokesii badia) and the 

EPBC listed vulnerable Malleefowl (Leipoa ocellata) the 

person taking the action must provide for the Minister's 

approval a Research Plan that includes:  
Compliant 

DAWE accepted the KML Research Plan to Support Offset Requirements for the Malleefowl and WStS 

(CORP-EN-PLN-1039). The Centre for Mine Site Restoration (CMSR) Research Project addresses 

priority research areas outlined in the KML Research Plan. 

The status of the CMSR Research Project is detailed in Section 5 of this report. 

 Research Plan to Support Offset 

Requirements for the Malleefowl and 

WStS (CORP-EN-PLN-1039) dated 

11/08/2017 

 'EPBC Fauna Stress Monitoring (EPBC 

2006/3017)' Research Project Proposal 

Agreement between Curtin University 

(CMSR) and KML executed on 8 May 2018 

4.02 

(a) how the $400,000 research offset over ten years will 

be directed to improve knowledge of the WStS and the 

Malleefowl; 

Compliant 

The CMSR research project proposal outlines the budget for proposed research.  KML cash 

expenditure totals $250,000 plus KML cash in-kind of $200k.  

KML has now paid out the total cash expenditure of $250k for the CMSR research project including 

$100k cash for Project 1 and 2 and $150k cash for Project 3, which was paid with two instalments in 

August 2021 and March 2022.    

 'EPBC Fauna Stress Monitoring (EPBC 

2006/3017)' Research Project Proposal 

Agreement between Curtin University 

(CMSR) and KML executed on 8 May 2018   

 CMSR Progress Report - March 2020 

 CMSR Progress Report – March 2021 

 CMSR Final Report – December 2021 

4.03 (b) who will be responsible for the research; Compliant 

The accepted CMSR Research Project Proposal included details of who will be responsible for the 

research.  

The Final Research Project Report - December 2021 includes information on who were involved in 

conducting the research project. This final report is included as Appendix C. 

 'EPBC Fauna Stress Monitoring' Research 

Project Proposal Agreement between 

Curtin University (CMSR) and KML 

executed on 8 May 2018 

 CMSR Final Report - December 2021 

4.04 (c) what the aims of the research will be; Compliant 

The accepted CMSR Research Project Proposal details the aims of the research. 

The Final Research Project Report – December 2021 reiterates the objectives of the three research 

projects.   

 'EPBC Fauna Stress Monitoring' Research 

Project Proposal Agreement between 

Curtin University (CMSR) and KML 

executed on 8 May 2018 

 CMSR Final Report – December  2021 

4.05 (d) the commencement date of the research; Compliant 

The research project proposal refers to the project milestones of the research proposal. The 

commencement date of the research is 8 May 2018, as detailed in the Curtin University Research 

Services Agreement for EPBC 2006/3017.  

 'EPBC Fauna Stress Monitoring' Research 

Project Proposal Agreement between 

Curtin University (CMSR) and KML 

executed on 8 May 2018 
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Ref. Condition 
Compliant / Non-

Compliant 
Finding Evidence 

As outlined in the Final Research Project Report – December 2021, Project 1 literature review and gap 

analysis has been completed and a final report has been received.  Project 2 data analysis has been 

completed and a final report has been received. Project 3 field work and data analysis has been 

completed and a final report has been receive. 

 CMSR Final Report – December  2021 

4.06 (e) who will be provided with the research data; Compliant 

As outlined in the Final Research Project Report – December 2021, findings from Project 1 were 

presented to the WA Malleefowl Recovery Group on 27 August 2019. Project 2 research was presented 

at the National Malleefowl & WA Threatened Species Forum and Society for Ecological Restoration 

Australasia (SERA) Conference in Darwin in 2021, the Gunduwa Regional Conservation Associate 

AGM in 2020, the Society for Ecological Restoration: 8th World Conference on Ecological Restoration 

in South Africa in 2019 and information regarding this project was also presented at a meeting of the 

Gunduwa Regional Conservation Association in 2018. A scientific publication for Project 3 is currently 

in preparation.  

 CMSR Progress Report - March 2020 

includes copies of presentations made to 

the WA Malleefowl Recovery Group and at 

the Society for Ecological Restoration 

2019 conference  

 CMSR Final Report – December 2021 lists 

the conference/forum and title of 

presentation of the research findings from 

Project 2. 

4.07 

The Research Plan must be provided within six months 

of commencement of operations. The approved plan 

must be implemented. 

Compliant 

The CMSR Research Project Proposal (accepted by DAWE on 1 March 2018) addresses priority 

research areas outlined in the KML Research Plan to Support Offset Requirements for the Malleefowl 

and WStS (CORP-EN-PLN-1039). The Research Proposal has been implemented, and alignment with 

the research priorities is outlined in Table 4 of the Final Research Project Report – December 2021 

(Appendix C) and described in 4.05 above.  

 CMSR Final Report – December 2021 

5.01 

The person taking the action must submit to the 

Department a report annually on 1 July each year 

addressing the compliance with the conditions of 

approval (or other data as may be agreed by the 

Minister). This report must be made publicly available 

on the internet within 30 days of it being provided to the 

Minister. 

Compliant 

Annual compliance reports have been submitted yearly since obtaining project approvals. 

The 2020/2021 EPBC Compliance Report (CORP-EN-REP-1152) was emailed to DAWE 28 June 

2021.  

The 2020/2021 EPBC Compliance Report is available on the KML public website.  

 2020/2021 annual compliance report 

(CORP-EN-REP-1152) 

 2020/2021 EPBC Compliance Report at 

Karara Mining Limited 

6.01 

The person taking the action must maintain accurate 

records of all activities associated with or relevant to the 

above conditions of approval, and make them available 

on request by the Department. Such documents may be 

subject to audit by the Department and used to verify 

compliance with the conditions of approval. 

Compliant 

KML maintain a document control system with the most current procedures, plans and reports made 

available to employees. This system captures any changes made to plans and procedures from the 

last revision. The Malleefowl procedure, WStS procedure and the research plan have all been 

document controlled.  

Further to controlled documents, KML maintain a shared drive with filed documents and emails 

recorded, including monitoring register for Malleefowl and WSTS respectively and sightings reports.  

A comprehensive Geographical Information System is also maintained, showing such features as 

location of habitats and monitoring sites for Malleefowl and WSTS.  

 KML Environmental Procedure - WStS 

Management, Monitoring and 

Translocation (CORP-EN-PRO-1024) 

 KML Environmental Procedure - 

Malleefowl Management and Monitoring 

(CORP-EN-PRO-1035). 

 Research Plan to Support Offset 

Requirements for the Malleefowl and 

WStS (CORP-EN-PLN-1039).   

https://www.kararamining.com.au/wp-content/uploads/2021/07/CORP-EN-REP-1152_0-2021.pdf


   
KARARA MINING LIMITED 
KARARA CORPORATE STANDARD  
ANNUAL COMPLIANCE REPORT 2021- KARARA IRON ORE PROJECT EPBC 2006/3017 

                                                                                                                                                                                                                                 Page 9                                                                                                                                                                     CORP-EN-REP-1178 Rev 0: 29-Jun-22 

Ref. Condition 
Compliant / Non-

Compliant 
Finding Evidence 

 'EPBC Fauna Stress Monitoring' Research 

Project Proposal Agreement between 

Curtin University (CMSR) and KML 

executed on 8 May 2018 

 Malleefowl and WStS monitoring registers  

 GIS database - layers PER - Fauna survey 

areas, Malleefowl Mounds, Malleefowl and 

WSTS habitats and Monitoring Sites, Rare 

fauna sightings and feral animal sightings. 

7.01 

The person taking the action may choose to revise a 

Plan specified in conditions 1 or 2 without submitting it 

for approval under section 143A of the EPBC Act, if the 

taking of the action in accordance with the revised Plan 

would not be likely to have a new or increased impact. 

If the person taking the action makes this choice they 

must notify the Department in writing that the approved 

Plan has been revised and provide the Department, at 

least four weeks before implementing the revised plan, 

with: 

a) an electronic copy of the revised Plan;  

b) an explanation of the differences between the revised 

Plan and the approved Plan; and  

c) the reasons the person taking the action considers 

that taking the action in accordance with the revised 

Plan would not be likely to have a new or increased 

impact." 

Compliant 

The Malleefowl Management and Monitoring Procedure (CORP-EN-PRO-1035) was updated to 

revision 5 in April 2022 to incorporate a number of minor administrative changes.  

The Western Spiny Tailed Skink Management, Monitoring and Translocation Procedure (CORP-EN-

PRO-1024) was updated to revision 5 in April 2022 to incorporate a number of minor administrative 

changes. 

Both documents with table of changes have been submitted to DAWE for review and acceptance on 

13 April 2022. 

 KML Environmental Procedure - 

Malleefowl Management and Monitoring 

(CORP-EN-PRO-1035) Revision 5. 

 KML Environmental Procedure - WStS 

Management, Monitoring and 

Translocation (CORP-EN-PRO-1024) 

Revision 5. 

7.02 

The person taking the action may revoke their choice 

under condition 7 at any time by notice to the 

Department. If the person taking the action revokes the 

choice to implement a revised Plan, without approval 

under section 143A of the EPBC Act, the Plan approved 

by the Minister must be implemented. 

Not applicable This scenario has not occurred to date.  
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Ref. Condition 
Compliant / Non-

Compliant 
Finding Evidence 

7.03 

If the Minister gives a notice to the person taking the 

action that the Minister is satisfied that the taking of the 

action in accordance with the revised Plan would be 

likely to have a new or increased impact, then: 

a) condition 7 does not apply, or ceases to apply, in 

relation to the revised Plan; and 

b) the person taking the action must implement the Plan 

approved by the Minister. 

To avoid any doubt, this condition does not affect any 

operation of conditions 7 and 7 A in the period before 

the day the notice is given. At the time of giving the 

notice the Minister may also notify that, for a specified 

period of time, condition 7 does not apply for one or 

more specified Plans required under the approval. 

Not applicable This scenario has not occurred to date.  

7.04 

Conditions 7, 7A and 7B are not intended to limit the 

operation of section 143A of the EPBC Act which allows 

the person taking the action to submit a revised Plan to 

the Minister for approval. 

Not applicable This scenario has not occurred to date.  

7.05 

If, for the purposes of the Plan approved by the Minister 

under condition 4, the person taking the action wishes 

to carry out an activity otherwise than in accordance 

with the approved Plan, the person taking the action 

must submit to the Department for the Minister's written 

approval a revised version of the Plan. The person 

taking the action must not commence the varied activity 

until the Minister has approved the varied Plan. If the 

Minister approves the revised Plan, the Plan must be 

implemented in place of the Plan originally approved. 

 

Not applicable This scenario has not occurred to date.  
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Ref. Condition 
Compliant / Non-

Compliant 
Finding Evidence 

8.01 

If the Minister believes that it is necessary or desirable 

for the better protection of the listed threatened species 

to do so, the Minister may request that the person taking 

the action make specified revisions to any plans 

approved pursuant to this Annexure. The person taking 

the action must comply with any such request. The 

revised plans must be implemented. 

Not applicable This scenario has not occurred to date.    

9.01 

If the action has not substantially commenced within 5 

years the date this approval the action must not 

commence without the written agreement of the 

Minister. 

Compliant KML has implemented the proposal. Official grand opening of KIOP occurred on 9 April 2013. 

 Australian Securities Exchange (ASX) 

Announcement: 

http://www.asx.com.au/asxpdf/20130409/

pdf/42f4rsg492wnz8.pdf 

http://www.asx.com.au/asxpdf/20130409/pdf/42f4rsg492wnz8.pdf
http://www.asx.com.au/asxpdf/20130409/pdf/42f4rsg492wnz8.pdf
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4 COMPLIANCE WITH MANAGEMENT PLANS 

During the reporting period, KML undertook management and monitoring of the Malleefowl 

and WStS, in accordance with the environmental procedures: 

 CORP-EN-PRO-1035 – Malleefowl Management and Monitoring, 

 CORP-EN-PRO-1024 – WStS Management, Monitoring and Translocation. 

4.1 Malleefowl Management and Monitoring  

KML have monitored Malleefowl annually since 2008 in accordance with the Environmental 

Procedure - Malleefowl Monitoring and Management CORP-EN-PRO-1035.  

Monitoring is undertaken by the KML Environment team throughout the Malleefowl breeding 

season, from 1st September until 30th April so that accurate information can be gathered on 

populations and mound activity. KML uses the National Malleefowl Monitoring Manual 

(National Malleefowl Recovery Team, 2016) to define and determine which mounds shall be 

monitored within any given year. Mounds that were active the previous year and those in close 

proximity to infrastructure are monitored as a priority, followed by mounds with less recent 

activity. Selections of mounds with an unverified status in close proximity to activity or 

infrastructure are included in the monitoring schedule. 

A total of 88 mounds were surveyed over the reporting period, of which fifteen were reported 

as active (Figure 1). This number of active mounds has increased by approximately 8% 

compared to last reporting period which have recorded 10 active mounds (Table 4).   

There were 5 Malleefowl sightings (6 individuals) during the reporting period. Overall, the 

location and number of Malleefowl sightings recorded has remained relatively consistent in 

recent reporting periods.  

One new Malleefowl mound was found during the reporting period (Table 5). No new mounds 

were classified as active.  

Details of mounds surveyed and Malleefowl sightings are provided in Appendix A and B 

respectively.  

Two Malleefowl mortalities were recorded during the current recording period. 
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Figure 1: Malleefowl Mound Monitoring 2021/2022 
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Table 4: Malleefowl Monitoring Results 2017-2022 

Year  Mounds Surveyed  

Category  % Active 

mounds  
No. Sighted 

Active  Inactive 

2017/2018 116 7 109 6 40 

2018/2019 89 10 79 13 21 

2019/2020 84 10 74 14 24 

2020/2021 157 10 147 6 19 

2021/2022 88 15 73 17 6    

 

Table 5: New Malleefowl Mounds Identified during the Reporting Period 

Mound 

ID 
Easting Northing 

Profile 

type 

Status 
Comments 

911 489679 6779210 1 E 
Old mound, goanna and rabbit 

diggings. >20 years old. 

 

A total of 911 mounds of varying status (ancient through to fresh and actively used) have been 

identified and surveyed since 2008. The percentage of all mounds that are active has ranged 

from 4% (in 2012 and 2016) to 17% (in 2021) over the past 13 years. The average activity 

over the 13 years of monitoring is 9.41%. The total number of mounds monitored in any one 

year has varied since the commencement of monitoring (ranging from 73 to 191), however the 

total number of active mounds identified each year has remained relatively consistent, ranging 

from 5 to 16, with a 13 year average of 10 active mounds identified per year. 

A spatial analysis of monitoring data shows that Malleefowl have occupied various mounds 

within operational areas where impacts to Malleefowl activity may be anticipated, with many 

sites being used for multiple years over the reporting period. This would suggest that 

Malleefowl are relatively undisturbed by proximity to mining activity. This is supported by 

findings of other resource companies in the region actively mining and monitoring Malleefowl 

activity, for example the nearby Extension Hill Hematite Operation (Mount Gibson Mining Ltd 

and Extension Hill Pty Ltd 2013).  
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4.2 Western Spiny-tailed Skink Management and Monitoring  

KML mapped prospective WStS habitat in 2008 and has been monitoring since 2011 to 

determine whether mining is impacting on the local population. To investigate potential 

impacts of mining, monitoring sites within monitoring areas are divided into two categories: 

 Impact Sites: within 500 m from mining disturbance 

 Control Sites: outside 500 m from mining disturbance 

WStS monitoring is undertaken in accordance with the Department of Sustainability, 

Environment, Water, Populations and Communities (SEWPaC) survey guidelines for 

Australia’s threatened reptiles (Commonwealth of Australia, 2011). Monitoring is undertaken 

during breeding season between spring and summer by a fauna specialist or trained personnel 

from the KML Environmental Department. Monitoring involved thoroughly searching for WStS 

and/or scats in sheltering sites such as hollow logs/trees and roots, piles of timber and rocky 

outcrops within prospective skink habitats. Monitoring includes details on evidence of WStS, 

such as the age, contents and size of scats and latrines and photographs of monitoring sites 

and scats so as to adequately determine recent activity or presence of WStS. WStS are 

classified as present using direct observation, camera trap evidence or presence of scat. Scat 

evidence is further broken down into fresh or old scats, with the presence of fresh scats a 

better indicator of skink activity.  

Annual WStS monitoring in the reporting period was undertaken in September and October 

2021. Monitoring of 151 sites was undertaken, including 69 control sites, 72 impact sites,  and 

10 translocation sites. Monitoring identified that 53 sites were inhabited (29 at control sites 

and 24 at impact sites) and 98 were uninhabited (40 at control sites, 48 at impact sites and all 

10 translocation sites) (Figures 2 - 5). These results are comparable to previous years (Figure 

6). 

A translocation program for WStS colonies within KML disturbance areas has been in place 

since the commencement of the project in 2010. A total of ten WStS and 21 potential WStS 

colonies (habitat log piles) have been translocated since the start of the project. All 

translocation sites have been monitored on an annual basis, however, no evidence of WStS 

has been observed at the relocation sites.  
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Figure 2: WStS Monitoring Locations 2021/2022 – Section 1 
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Figure 3: WStS Monitoring Locations 2021/2022 – Section 2 
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Figure 4: WStS Monitoring Locations 2021/2022 – Section 3 
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Figure 5: WStS Monitoring Locations 2021/2022 – Section 4 
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Figure 6: WStS Evidence Recorded at Control and Impact Sites across All KML 

Tenements 

No mortalities of WStS were recorded over the reporting period.  

KML’s objective of monitoring for the presence or absence of WStS on an annual basis has 

been achieved in each successive year since the commencement of monitoring in the spring 

of 2011. Monitoring results to date strongly suggest that mining related activities are not 

impacting WStS populations. Whilst presence/absence data varies between years, skink 

activity at impact and control sites are closely aligned, with an average presence of skinks at 

control sites comparable to at impact sites (both around 50%). Similarly, at sites where skink 

presence is observed the indicators of recent activity (fresh scats) were also consistent 

between impact and control sites. 
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5 STATUS OF RESEARCH PROPOSAL 

The CMSR Research Project Proposal addresses priority research areas outlined in the KML 

Research Plan to Support Offset Requirements for the Malleefowl and WStS (CORP-EN-PLN-

1039).   

The whole Research Proposal has now been completed, and the Final Report was provided 

to KML in February 2022.  

Project 1 ‘Habitat requirement, translocation success and breeding programs for Malleefowl – 

review and gap analysis’ was completed in July 2019. Major gaps for this project exist around 

the species demographics, recruitment and movement patterns of juveniles, little 

understanding of fecundity and recruitment success relative to the number of eggs laid 

(Gagnon et al, 2021). The lack of novel findings have not been acknowledged as constraints 

on the understanding of Malleefowl for the last decade. The distribution modelling component; 

however, did suggest interesting patterns in decline and restriction of the species since 

European settlement of Australia that merits future attention around the role of arid regions as 

refuge niches (Gagnon et al, 2021). A presentation on these findings was made to the WA 

Malleefowl Recovery Group in August 2019.  

Project 2 ‘Threat assessment and recovery strategies for WStS (Egernia stokesii badia)’ has 

now been completed. A significant amount of data was collected to better understand: the 

features of WStS habitat; predation pressure on WStS; and the diet of adult and juvenile WStS.  

The research findings of this project were presented at a number of national and international 

conference and forums including the National Malleefowl & WA Threatened Species Forum 

and Society for Ecological Restoration Australasia (SERA) Conference in Darwin in 2021, the 

Gunduwa Regional Conservation Associate Annual General Meeting (AGM) in 2020, the 

Society for Ecological Restoration: 8th World Conference on Ecological Restoration in South 

Africa in 2019 and information regarding this project was also presented at a meeting of the 

Gunduwa Regional Conservation Association in 2018. The findings of this project provide 

essential data that may be used to understand how best to carry out translocations of the 

WSTS to increase the likelihood of successful re-establishment into new areas (Gagnon et al, 

2021).  

Project 3 ‘Evaluating stress levels in EPBC listed fauna inhabiting mining sites was completed 

in December 2021. The findings of this project suggested: 

 No significant difference in animal detection could be related to noise levels from 

surrounding mine operations.  
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 No robust patterns of metal, metalloid or trace element contamination in relation to 

proximity of Mallefowl mounds to Karara mine dry tailings was detected. 

 Further research is needed to quantify if metals measured in Malleefowl eggshell 

indicate bioaccumulation in reproductive females. 

A scientific publication for Project 3 regarding the elemental composition and comparison of 

the eggshell fragments, in relation to soil metal contents is in preparation (Gagnon et al, 2021). 
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6 NEW ENVIRONMENTAL RISKS  

No new environmental risks, in relation to management of conservation significant fauna and 

feral animal management were identified during the reporting period.  
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7 OTHER INFORMATION 

7.1 Feral Animal Monitoring  

In accordance with KML Environmental Procedure – Feral Animal Management and 

Monitoring CORP-EN-PRO-1050, KML monitor feral animal sightings and trapping success to 

ensure feral animal numbers are not increasing nor having a detrimental impact on 

conservation significant flora and fauna and other native fauna and flora resident on KML 

tenements. KML implements an active feral animal control program that includes baiting and 

trapping.  

A summary of the feral animals trapped over the past five years is provided in Table 6.  

Trappings and sightings of other feral animals has remained relatively consistent over the 

period.  

Table 6: Feral Animals Trapped at KIOP between 2017-2022 

Reporting Year Cats Foxes Goats Other 

2017/2018 9 0 3  

2018/2019 11 0 1  

2019/2020 5 0 0  

2020/2021 10 0 1 1 

2021/2022 21 0 0 0 
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8 CONCLUSION  

As outlined above, operations of KIOP are largely compliant with the requirements of the 

EPBC approval conditions (EPBC 2006/3017).  

Monitoring data for the reporting period, along with data collected over the duration of mining 

operations, has continued to demonstrate that KML mining activities have not impacted on 

Malleefowl or WStS populations in the area. KML will continue to monitor Malleefowl and WStS 

activity for the life of the mine in accordance with the approved monitoring procedures. Feral 

animal populations remain at manageable levels. KML’s ongoing extensive environmental 

management activities, such as feral management and progressive rehabilitation, are to date 

successful in minimising impacts on Malleefowl and WStS communities, and the wider 

environment in the vicinity of KIOP operations. 
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APPENDIX A: MALLEEFOWL MOUNDS MONITORED 2021 SURVEY 

MFM ID Easting Northing Profile Type Status 

New 489679 6779210 1 E 

MFM4 475480 6772022 6 E 

MFM10 476985 6773200 6 E 

MFM11 476325 6773251 6 E 

MFM12 476376 6773309 6 E 

MFM13 476627 6773023 6 E 

MFM14 479053 6773113 1 E 

MFM17 477815 6773182 6 E 

MFM28 479030 6771405 6 E 

MFM32 475558 6772447 6 E 

MFM33 467658 6771760 6 E 

MFM34 467590 6771736 6 E 

MFM54 424657 6769704 3 A 

MFM57 482302 6773755 1 E 

MFM60 486839 6767915 1 A 

MFM62 475076 6773049 3 C 

MFM66 434737 6770527 1 A 

MFM79 490568 6777762 1 E 

MFM91 493033 6771210 6 D 

MFM98 476385 6770943 6 E 

MFM104 488679 6790124 5 C 

MFM110 480434 6773737 4 A 

MFM111 488028 6770567 6 E 

MFM112 495970 6776216 1 E 

MFM115 491092 6777897 1 E 

MFM116 496998 6780604 1 E 

MFM128 465141 6771540 6 D 

MFM131 462546 6771845 6 E 

MFM134 456142 6772841 1 A 

MFM183 490669 6776150 1 A 

MFM199 484501 6775621 1 E 

MFM205 488131 6777390 6 E 

MFM227 484326 6774997 4 A 

MFM228 492717 6784195 1 E 

MFM234 478799 6771583 1 E 

MFM235 478828 6769657 4 A 

MFM236 478939 6773000 6 E 

MFM244 486272 6777752 4 A 

MFM245 486916 6778672 1 E 

MFM250 492125 6783860 1 E 

MFM252 476092 6773005 6 E 

MFM253 476191 6772962 6 E 

MFM272 493231 6780114 1 A 
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MFM ID Easting Northing Profile Type Status 

MFM276 488863 6776894 1 E 

MFM302 476338 6772233 6 E 

MFM306 476631 6772566 6 E 

MFM307 478199 6773448 6 E 

MFM313 478691 6772691 6 E 

MFM314 478936 6772991 6 E 

MFM341 475452 6772362 6 E 

MFM398 475588 6773539 6 E 

MFM479 493368 6780768 6 D 

MFM480 476822 6772926 6 E 

MFM518 489884 6777634 3 C 

MFM519 492324 6775158 3 C 

MFM520 483785 6774694 1 E 

MFM575 486916 6778672 1 E 

MFM588 487836 6788069 6 C 

MFM595 487137 6787913 1 D 

MFM596 486526 6786651 6 E 

MFM620 496129 6775727 1 E 

MFM621 496024 6776293 1 E 

MFM624 495851 6776002 1 E 

MFM625 495789 6776251 1 E 

MFM628 487817 6786037 6 E 

MFM629 487795 6786106 4 A 

MFM632 486812 6787572 1 E 

MFM661 493694 6772514 6 D 

MFM664 484642 6775109 1 E 

MFM667 495333 6775236 4 B 

MFM674 482305 6773756 4 A 

MFM726 484306 6774690 1 E 

MFM735 489524 6779360 1 E 

MFM740 491752 6798360 1 E 

MFM749 494072 6805926 1 E 

MFM762 479249 6772517 4 A 

MFM766 484420 6775274 1 E 

MFM798 478492 6773339 6 E 

MFM802 476529 6770882 1 E 

MFM809 495657 6775290 1 E 

MFM824 492569 6776249 1 E 

MFM826 487663 6777782 1 E 

MFM829 490855 6775418 6 E 

MFM832 478877 6772570 1 E 

MFM905 487166 6768045 6 D 

MFM906 482013 6773845 1 E 

MFM909 475702 6766796 4 A 
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MFM ID Easting Northing Profile Type Status 

MFM910 487781 6767308 1 A 

 

 

  

Mound Status Status Description 

A Active (Profile 4): Mound almost certainly contains eggs. Mound is covered over, 

dome-shaped and surface is freshly disturbed (that day), often with small 

excavations around the lower perimeter where the male has scratched material 

onto the centre of the mound. There will be no ant-line tracks and very few tracks 

of small animals present, as the surface of the mound is being worked constantly. 

B Inactive (Profile 4): Mound is covered over and dome-shaped, but surface is not 

disturbed, having assorted animal tracks and ant-lion traps on it. This is a mound 

that has been fully-prepared for incubation in that year, but has been abandoned. 

Note that it may also have been prepared in an earlier year but this will have been 

recorded. 

C Inactive (Profile 3 or 5): Mound has been excavated and filled with leaf-litter, but 

has been abandoned. 

D Inactive (Profile 1 or 2): Mound has been excavated but no further progress has 

been made. 

E Inactive (profile 1 or 6): No recent activity. Profile 1 and 6 grade into each other, 

but mounds can be roughly aged (i.e. time since last used) by their appearance.  

Unverified 
Mound found opportunistically and requires inspection by a trained and competent 

person to verify status 
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APPENDIX B: MALLEEFOWL SIGHTINGS 2021/2022 

Date Easting Northing # Location 

09-Jul-21 456899 6772038 1 Mungada Road, approx 15 km west of Gatehouse One.   

19-Aug-21 424511 6769418 2 Mungada Road, Koolanooka Hills, near the Rifle Club.   

26-Sep-21 424592 6769524 1 Mungada Road, Koolanooka Hills, north of the Rifle Club   

07-Oct-21 467852 6768354 1 Airfield road   

15-Apr-22 475369 6770196 1 Jones Way   
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APPENDIX C: EPBC FAUNA STRESS MONITORING FINAL REPORT 
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Final Report - December 2021 
EPBC fauna stress monitoring 

Karara Mining Limited EPBC 2006/3017 
Authors: Marthe Monique GAGNON, Philip W. BATEMAN, Curtin University 

 
 
FULL TITLE: Evaluating threats, recovery strategies and managing stress levels of EPBC listed fauna (Western Spiny-tailed Skink 
[Egernia stokesii badia] and the Malleefowl [Leipoa ocellata]) associated with mining activities. 
 

Summary of Findings 
 
Project 1 - Habitat requirement, translocation success and breeding programs for Malleefowl (Leipoa ocellata) 
– review and gap analysis 

• Species distribution model showed that distribution of malleefowl centres on large areas of remanent 
woodland and core habitat has been greatly reduced and fragmented since colonisation. Rangelands of 
Western Australia are less suitable for malleefowl and appear always to have been so. This suggest that 
found at Karara persist in a refuge niche.  

 
 
Project 2 - Threat assessment and recovery strategies for Western Spiny-tailed Skink (WSTS; Egernia stokesii 

badia) 
• Comparison of occupied and unoccupied log piles indicated that WSTS prefers log piles with fewer logs 

and longer logs that were overhung with vegetation; 
• Camera trapping identified that log piles attract predators, particularly cats, and that proximity to 

anthropogenic infrastructure such as landfills influences the abundance of generalist predators such as 
corvids;  

• Dietary analysis of adult and juvenile WSTS suggest that here is a very minor ontogenetic shift; skinks eat 
a diverse range of plants, invertebrates but show preference for particular plant families e.g. Asteraceae 
and Crassulaceae.   

 
Recommendation: to investigate survival and potential dispersal of WSTS at translocation sites with further 
studies at natural log piles and constructed ones to test the success of translocation now that we have 
identified the important habitat variables. This would inform Karara on the success of past and future WSTS 
translocations.  
 

 
Project 3 - Evaluating stress levels in EPBC listed fauna inhabiting mining sites (noise, metal levels) 

• No clear indication that noise generated by the mining activities ar Karara influences diversity, abundance, 
or activity of vertebrates as assessed by camera traps.  

• Cores collected in the malleefowl mounds demonstrated that there was no relationship between soil metal 
level and depth of the core; in addition, none of the 44 elements detected in the malleefowl eggshells had 
a significant positive relationship between eggshell concentration and proximity to dry tailings. 

• Mean As, Cr and V in Karara malleefowl mound soils were all higher than at least one of the soil guideline 
values however high soil metal levels might be naturally occurring in the Karara metal-rich soils.  

 
Recommendation: to investigate further the relationship between soil metal contents and malleefowl eggshell 
metal contents on the Karara mining site, including comparison to eggshells collected at other mining and 
non-mining locations. This would inform Karara on the impact, if any, of metal-laden dust generated by the 
mining activities on the metal contents of the malleefowl eggshell for birds nesting at the Karara mine site. 
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1. LOCATION/S OF PROJECT ACTIVITIES:  
 
The research project is being undertaken at the Karara Iron Ore Project (KIOP) in the Midwest region of Western 
Australia. The Karara Mining Limited (KML) mine site is located 215 km south-east of Geraldton and 320 km north-
northeast of Perth. So far, research has only been undertaken on site but surrounding areas, such as nearby timber, 
nature or conservation reserves may also be utilised as reference sites as required/appropriate.   
 
2. RESEARCH OBJECTIVE: 

 
The endangered Western Spiny-tailed Skink (WSTS, Egernia stokesii badia) and the EPBC-listed vulnerable Malleefowl 
(Leipoa ocellata) both occur within the impact footprint of the KIOP, and KML has environmental programs in place to 
monitor the occurrence and abundance of these two species (CORP-EN-PRO-1024). This research program was 
developed to build on current monitoring practices undertaken at KML to deliver a comprehensive and holistic 
approach towards the conservation of these species and includes three primary objectives: 

a) Undertake a literature review of the habitat requirements, translocation successes and breeding programs for 
Malleefowl incorporating fire history (depending on data available). This review would allow the identification 
of any significant research gaps from which specific and targeted projects could be (Project 1); 

b) Quantify the impacts of feral animals on the WSTS, as well as examining the specific ecological requirements 
of the subspecies to improve translocation site selection and management practice for future translocations 
of colonies (Project 2); and 

c) Evaluate the enigmatic effects of mining activities in the mid-west of Western Australia and how these 
activities impact upon fauna health (Project 3). 

 
The research program builds on a foundation of restoration science research being undertaken on-site, lifting it to the 
next level of impact assessment through the incorporation of high-level and innovative monitoring technologies.  

 
3. FINAL PROJECT REPORTING: 
 
The EPBC-listed WSTS and Malleefowl both occur within the impact footprint of the KIOP, and KML has environmental 
programs in place to monitor the occurrence and abundance of these two species. However, the health and resilience 
of these populations are poorly understood. KML and researchers within the School of Molecular and Life Sciences, in 
conjunction with the Centre for Mine Site Restoration (CMSR) at Curtin University (Curtin) have developed and 
implemented the following research programs that aim to evaluate the threats, recovery strategies and levels of stress 
experienced by fauna residing in close proximity to active mining operations.  
 
The following pages describe the background, methods, results and interpretation of each research program.  
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Habitat requirement, translocation success and breeding programs for Malleefowl (Leipoa ocellata) – review and 
gap analysis (Project 1) 
 
Background  
Malleefowl are listed as Vulnerable under the EPBC Act, and are known to occur on land managed by Karara Mining 
Ltd (KML). The species is threatened through the clearing of habitat for mining, mining infrastructure, and farming, as 
well as fragmentation and isolation, predation (foxes and potentially cats and raptors), and altered fire regimes.  
 
The Malleefowl has received considerable on-ground conservation activity with a number of NGOs (Bush Heritage 
Australia), community groups (Malleefowl Preservation Group, Great Victoria Desert Biodiversity Trust, North Central 
Malleefowl Preservation Group (NCMPG) and Friends of North Eastern Malleefowl (FONEM), industry (e.g. KML, Mt 
Gibson Mining, Asia Iron, Top Iron, Mineral Resources, SMC), practitioners & consultants (Bamford Consulting 
Ecologists, Ecologia Environment, MWH Global) and government (DBCA) undertaking surveys. As such, there are likely 
to be sizable datasets and information available in the grey literature, which currently remains un-synthesised. Further, 
there is a substantial heritage of scientific literature publications on nesting activity (Priddel & Wheeler 2003), fire 
regimes (Parsons & Gosper 2011), fragmentation (Parsons et al 2008), captive-rearing (Priddel & Wheeler 1994) and 
reviews from other regions (e.g. NSW, Priddel & Wheeler 1999), but these are in isolated journals unavailable to the 
public without costly subscriptions. There has also been very little contribution to this body of work in the last decade, 
and many questions surrounding the species remain persistently unaddressed. 
 
A review of the status of current knowledge of Malleefowl in Western Australia is warranted to consolidate data and 
findings to date. A gap analysis would identify the future research priorities for this species in the region. 
 
Objective  
A review of both the grey and scientific literature was proposed to assess the current state of knowledge for 
Malleefowl in the mid-west region of Western Australia. This review was proposed to include a gap analysis to direct 
future research priorities.  
 
Project description 
Consultation with relevant stakeholders has been undertaken to identify and source grey literature of Malleefowl 
survey and research efforts undertaken to date that are not currently available publicly or online. A review of the 
literature has been undertaken and synthesised into a database and review paper produced. A gap analysis has also 
been undertaken to inform the future direction of Malleefowl research.  
 
Key research tasks  

• Identify and consult with relevant stakeholders (Government, NGOs, Community groups, Industry), 
• Undertake a review of grey and scientific literature, and 
• Undertake a gap analysis of work completed to date and identify future research priorities.  

 
Resourcing  
This project was undertaken by a Curtin employed Post-Doctoral Fellow, funded by KML in collaboration with the wider 

research team. 
 
Final Project Reporting 
The literature review and gap analysis has been completed. The major finding of the research hinges upon a backward 
projected species distribution model that shows that much of the distribution of the Malleefowl available at the time 
of European settlement is now unavailable for the species, meaning that populations that were once on the fringe of 
optimal habitats, such as those at Karara, now represent the last holdouts for the species. Major gaps still exist around 
the demographics, recruitment and movement patterns of juveniles, little understanding of fecundity and recruitment 
success relative to the number of eggs laid, including a lack of knowledge concerning the potential for temperature 
dependent sex determination in the species, and the subsequent influences of a changing climate, and very little 
empirical data on the impacts of land management (including feral predation, competition with agricultural stock and 
fire regimes) on the persistence, recruitment and dispersal patterns of the species.  
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The literature review and gap analysis did not identify very many novel findings that have not been acknowledged as 
constraints on our understanding of Malleefowl for the last decade. The distribution modelling component; however, 
did suggest interesting patterns in decline and restriction of the species since European settlement of Australia that 
merits future attention around the role of arid regions as refuge niches, but such research would be outside the scope 
of the current program. 
 
Publications/ conference presentations/ other significant communications of research  
The literature review is not being considered for publication because little new research has been published since the 
last comprehensive review by Bode and Brennan, 2011. A future publication may be forthcoming around the 
distributional work, but this is likely to require substantial further development and research. A presentation of these 
findings was made to the WA Malleefowl Recovery Group on August 27th 2019. 
 
Internal CMSR Report (submitted to Karara 2019)  
Tomlinson S., Bateman P.W., Gagnon M.M. (2019) A review of Malleefowl conservation efforts: identifying knowledge 
needs and research priorities. CMSR Internal Report. Curtin University.  
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Threat assessment and recovery strategies for Western Spiny-tailed Skink (WSTS; Egernia stokesii badia) (Project 2) 
 
Background  
The WSTS (Egernia stokesii badia) is currently listed as Endangered under the EPBC Act and is known to occur on 
tenement land managed by Karara Mining Ltd (KML). This species is threatened primarily by habitat loss and 
degradation (e.g., clearing for mining infrastructure or agriculture, or vegetation structure alteration through grazing 
by feral goats), but may also be at risk from predation by feral cats or foxes.  
 
The management and monitoring of WSTS populations is critical for the ongoing maintenance and recovery of the 
species, and individuals have been translocated from impacted areas to suitable habitat (log piles with hollows) as part 
of KML’s Western Spiny Tailed Skink Management and Monitoring Procedure (CORP-EN-PRO- 1024). However, 
translocation success rates have been variable, post-translocation monitoring involves only presence/absence 
assessment, and provides no information on the adaptability of translocated individuals to these areas. In some cases, 
natural logs providing habitat suitable for WSTS translocation are in short supply, and it has been suggested that 
artificial logs may represent an option to provide additional habitat for the species.  
 
Objective  
This research program aims to quantify both the ecological requirements (focussing on diet and microhabitat) and 
predation management requirements (including native predators and introduced species such as feral cats) of the 
WSTS, to optimise future translocation site selection, modification, and management. 
 
Project description 
WSTS are known to live in log piles in small social groups. The specific characteristics that determine whether a log 
pile and surrounding landscape is suitable for WSTS is currently unknown, which limits environmental practitioners’ 
ability to select appropriate translocation sites when populations are identified within impact areas. In order to 
improve the success rates of translocations, the structural characteristics of suitable log pile habitat, such as size, 
configuration, surrounding vegetation and canopy structure, were quantified. Further, to obtain an understanding of 
important species to support colony foraging, and ontogenetic dietary study were completed. The impact of invasive 
fauna on WSTS has also been determined. Camera traps did monitor WSTS-predator interactions, as well as replica 
model experiments and predatory bird surveys at areas with inhabited log piles, uninhabited log piles and control sites 
without logs. The response of predator behaviour and abundance to unoccupied and occupied log pile habitat, plus 
proximity to the landfill site were also be assessed. 
 
Key research tasks  

• Features of WSTS habitat were recorded including the characteristics of the logs in which they inhabit, e.g., 
size, configuration, and surrounding vegetation structure. 

• Log piles were monitored using camera traps, accompanied by replica model experiments and predatory bird 
surveys to quantify the presence, abundance, and behaviour of feral animals and inform WSTS-predator 
interactions.  

• The diet of WSTS at different sites werebe analysed from scats using visual identification and genetics to 
inform on habitat requirements. 

 
Resourcing  
This project is being undertaken by PhD student Holly Bradley, enrolled through Curtin University and supervised by 
Assoc/Prof Bill Bateman, Dr Sean Tomlinson and Dr Mike Craig. The student is supported through an RTP scholarship, 
with operational funding being provided by KML and further in-kind-support by Curtin University and KML.  
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Final Project Reporting  
 
Predation 
The major relevant findings for predation management relating to E. s. badia translocation pertain to: (i) translocation 
site selection, and (ii) the targeted management of predators. We assessed the influence of the presence of coarse 
woody debris (CWD) and distance to landfill on predator behaviour towards E. s. badia through plasticine model 
experiments, unbounded point count bird surveys and camera trapping. We found that CWD inhabited by E. s. badia 
attracted a greater abundance of predatory birds (Figure 1a), particularly corvids (Figure 1b), compared with 
uninhabited CWD, or control sites without CWD. The abundance of corvids and predatory birds combined increased 
with decreasing distance from landfill. Preferential hunting by corvids at CWD inhabited by E. s. badia compared to 
both uninhabited CWD and open sites (Figure 2) suggests that inhabited CWD may be targeted by generalist predators 
in the region, and that adaptive management may be required for species conservation around active mining areas. 
Therefore, selection of translocation sites for skink colonies is recommended to be as distant as possible from potential 
anthropogenic food sources, such as landfill sites.  
 

 

Figure 1. (a) The mean number of predatory bird sightings at coarse woody debris (CWD) inhabited by Egernia stokesii badia, CWD uninhabited 
by E. s. badia, and open sites, and (b) the proportion of predatory bird sightings that were corvids (dark grey) and other (pale grey; grey 
butcherbirds, grey shrike thrush, pied butcherbirds and black-breasted buzzards combined), observed at CWD inhabited by E. s. badia, CWD 
uninhabited by E. s. badia, and open sites. Bird sightings were recorded from unbounded point count surveys, pooled across autumn and 
winter survey events. Black letters above bars indicate significant differences (p < 0.05). 
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Figure 2. The proportion of (a) combined bird predators and (b) corvids classified as hunting (dark grey) or not hunting (pale grey) when visiting 
CWD inhabited and uninhabited by Egernia stokesii badia, as well as open sites, as observed on camera trap recordings. Black letters above 
bars indicate significant differences (p < 0.05). 

Although feral cats were not found to actively target CWD, their capability to hunt adult (as well as the smaller 
juvenile) skinks was confirmed through camera trap imaging, plus they were one of the predators of greatest 
abundance observed throughout the study. Targeted management to control the abundance of feral predators 
including cats in areas marked for translocation is therefore likely necessary to reduce predation risk to translocated 
skinks. Methods to avoid overabundance of native corvids is also valuable, through management of anthropogenic 
food sources. Control of corvids and feral cats is particularly important, as both are attracted to novel objects and 
areas (Church et al. 1994; Heinrich 1995; Bradshaw et al. 2000; Reina 2010; Miller et al. 2015), such as translocation 
sites. Controlling overabundant and invasive predators is, therefore, a priority, as any site modifications to enhance 
the structure of CWD may attract these predators, increasing the risk of translocation failure. 

Microhabitat requirements 
Egernia s. badia have specific microhabitat requirements to consider when selecting or modifying an optimal 
translocation site. The novel application of terrestrial LiDAR was confirmed as an effective measuring tool to quantify 
the structural microhabitat requirements of the cryptic skink colonies, a method which has extensive applications for 
the assessment of other complex habitat types of threatened species. Skink occupancy was highest in long log piles 
with an average of two logs with the presence overhanging vegetation, preferably at a mid-storey height and reduced 
at canopy height (Figure 3 and 4). This is likely to ensure enough space for segregation between members of the skink 
colony, which vary in size between juveniles, adults, and gravid females (Schwarzkopf et al. 2010). The presence of 
overhanging vegetation to provide microhabitat variability is also likely important to support behavioural 
thermoregulation by providing temperature gradients and thermal buffering (Grimm-Seyfarth et al. 2017). This is 
particularly vital in an arid landscape with scattered vegetation (Grimm-Seyfarth et al. 2017), where daytime 
temperatures often far exceed the upper thermal tolerance limits of most reptiles (Bradshaw 1986).  
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Figure 3. Stacked bar chart showing the differing percentage of inhabited and uninhabited log piles with vegetation overhanging the log pile 
(green) and with no vegetation overhanging the log pile (blue). 
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Figure 4. Boxplots showing the average log pile characteristics at both inhabited and uninhabited log piles. Thick horizontal lines indicate the 
median, boxes represent the 2nd and 3rd quartiles, and whiskers represent the 1st and 4th quartiles. Individual points represent outliers. 
Variables well supported to influence log pile occupancy (log pile length, number of logs and canopy cover) are bordered in red. 

 
In some instances, the presence of canopy cover can provide perches for ambush predators (Hawlena et al. 2010; 
Oversby et al. 2018). As corvids were found to increase in abundance and focus their hunting behaviour around CWD 
inhabited by E. s. badia, this potentially explains the trend in log pile selection with reduced canopy cover and perching 
options for avian predators. Overall, when selecting or modifying translocation sites, microhabitat characteristics 
which facilitate optimal thermoregulation, predator refuge and social segregation are an important consideration to 
maximise the likelihood of colony establishment and persistence. 
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Overall, translocation design and site selection can now be informed by a knowledge of predators to target for 
management, the log pile and vegetation structural requirements of a translocation site, and dietary food plants 
required in proximity to the refuge site (diet results to be finalised in November 2021). This significantly improves 
the previous practice of basing translocation site selection on a broad understanding of suitable vegetation type and 
the presence of logs.  
 
References 
1. Bradley, H.; Tomlinson, S.; Craig, M.; Cross, A.; Bateman, W.P. (2020) Mitigation translocation as a management tool, Conservation Biology. 
DOI: 10.1111/cobi.13667 
2. Bradshaw J., Healey L., Thorne C., Macdonald D. & Arden-Clark C. (2000) Differences in food preferences between individuals and 
populations of domestic cats Felis silvestris catus. Applied Animal Behaviour Science 68, 257-68. 
3. Bradshaw S.D. (1986) Ecophysiology of desert reptiles. Academic Press Sydney, Australia. 
4. Church S.C., Allen J.A. & Bradshaw J.W. (1994) Anti-apostatic food selection by the domestic cat. Animal Behaviour 48, 747-9. 
5. Grimm-Seyfarth A., Mihoub J.B. & Henle K. (2017) Too hot to die? The effects of vegetation shading on past, present, and future activity 
budgets of two diurnal skinks from arid Australia. Ecology and evolution 7, 6803-13. 
6. Hawlena D., Saltz D., Abramsky Z. & Bouskila A. (2010) Ecological trap for desert lizards caused by anthropogenic changes in habitat 
structure that favor predator activity. Conservation Biology 24, 803-9. 
7. Heinrich B. (1995) Neophilia and exploration in juvenile common ravens, Corvus corax. Animal Behaviour 50, 695-704. 
8. Miller R., Bugnyar T., Pölzl K. & Schwab C. (2015) Differences in exploration behaviour in common ravens and carrion crows during 
development and across social context. Behavioral Ecology and Sociobiology 69, 1209-20. 
9. Oversby W., Ferguson S., Davis R.A. & Bateman P. (2018) Bad news for bobtails: understanding predatory behaviour of a resource-subsidised 
corvid towards an island endemic reptile. Wildlife Research 45, 595-601. 
9. Reina K. (2010) Neophilia in the domestic cat (Felis catus). Honours thesis, University of Michigan, United States of America. 
 

Upcoming work 
The data collected so far is now at the stage where Holly has prepares and submitted manuscripts. Data analysis from 
dietary studies and eDNA samples are now completed and the following manuscripts are under review, while the 
dietary analysis of western spiny-tailed skink is in preparation: 

Bradley HS, Craig MD, Cross AT, Tomlinson S, Bamford M, Bateman PW. Revealing microhabitat requirements of an 
endangered specialist lizard with LiDAR. Scientific Reports (Under review). 

Bradley HS, Craig MD, Tomlinson S, Cross AT, Bamford M, Bateman PW. Predators in a mining landscape: targeting of 
a behaviourally unique, endangered subspecies. Austral Ecology (Under Review). 

 
 
Publications/ conference presentations/ other significant communications of research  
 
Publications 
 

Year Publication reference 

2020         Bradley, H.; Tomlinson, S.; Craig, M.; Cross, A.; Bateman, W.P. (2020) Mitigation 
translocation as a management tool, Conservation Biology. DOI: 
10.1111/cobi.13667 

2021 Bradley, H.; Craig, M.; Tomlinson, S.; Cross, A.; Bamford, M., Bateman, P.W. (UNDER 
REVIEW) Predators in a mining landscape: targeting of a behaviourally unique, 
endangered lizard, Austral Ecology. 

2021 Bradley, H.; Craig, M.; Cross, A.; Tomlinson, S.; Bamford, M., Bateman, P.W. (UNDER 
REVIEW) Revealing microhabitat requirements of an endangered specialist lizard 
with LiDAR, Scientific Reports. 
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Conference/forum presentations 
Holly has presented her research findings from this project at the following conference/forums: 
 

Year Conference/Forum Title of presentation 

2021         National Malleefowl & WA 
Threatened Species Forum 

‘Using LiDAR to characterise the microhabitat of an 
endangered lizard’ 
 

2021 Society for Ecological 
Restoration Australasia (SERA) 
Conference Darwin 

‘Predator management of an endangered reptile’ 
 

2020 Gunduwa Regional 
Conservation Association 
AGM 

‘Improving management of an endangered lizard in the 
Mid West’ – presented to a range of groups including 
members of the Australian Wildlife Conservancy, Bush 
Heritage, Badimia Bandi Barna Aboriginal Corporation, 
Parks and Wildlife, the Northern Agricultural 
Catchments Council WA, Conservation Council WA, 
Mount Gibson Mining, Extension Hill, Ninghan Station 
IPA, and Rangelands NRM 
 

2019 Society for Ecological 
Restoration (SER) 2019: 8th 
World Conference on 
Ecological Restoration (South 
Africa) 

‘Mitigation translocation as a management tool’ 

2018 Gunduwa Forum, Blues for 
the Bush (Mid West, Western 
Australia) 

Poster presentation: ‘Improving translocation 
management for restricted range reptiles, Case Study: 
The Western Spiny-tailed Skink (Egernia stokesii badia)’ 
 

2018, 
2019 & 
2020 

ARC Centre for Mine Site 
Restoration (CMSR) Annual 
Workshop 

‘Improving translocation management of an endangered 
reptile’ – each a project update was presented to the 
industry partners of the CMSR 
 

 
Other significant communications of research 

Holly’s research from this project has been communicated within the following print and audio media releases: 
 

Year Media Topic 

2021 The Conversation Print article: ‘Saving these family-focused lizards may mean 
moving them to hew homes. But that’s not as simple as it 
sounds’ (co-authored by Holly, Bill Bateman and Badimia 
elder Darryl Fogarty). 
https://theconversation.com/saving-these-family-focused-
lizards-may-mean-moving-them-to-new-homes-but-thats-
not-as-simple-as-it-sounds-162998 

2021         ABC Geraldton 
(September 2021)  

Radio segment on the novel use of LiDAR to protect a 
threatened species and print article titled ‘Laser tech the 
latest tool in battle to save endangered western spiny-tailed 
skink.’  

https://theconversation.com/saving-these-family-focused-lizards-may-mean-moving-them-to-new-homes-but-thats-not-as-simple-as-it-sounds-162998
https://theconversation.com/saving-these-family-focused-lizards-may-mean-moving-them-to-new-homes-but-thats-not-as-simple-as-it-sounds-162998
https://theconversation.com/saving-these-family-focused-lizards-may-mean-moving-them-to-new-homes-but-thats-not-as-simple-as-it-sounds-162998
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https://www.abc.net.au/news/2021-09-29/lasers-help-save-
endangered-western-spiny-tailed-skink/100493990 

2021 Life On the Brink Podcast Episode discussion on the endangered Western-Spiny-tailed 
Skink and Holly’s research on improving their translocation. 
Episode titled: ‘House hunting for endangered lizards with 
conservationist and reptile ecologist Holly Bradley.’ 

2021 Natural History of 
Ecological Restoration 
online publication 

Print article” ‘Translocating a threatened totem: The impacts 
of mining on a culturally-significant species’ (co-authored by 
Holly, Bill Bateman and Adam Cross) . 

2020 ABC South West (Albany 
& Bunbury) 

Radio segments on the importance of improving mitigation 
translocation practice 
 

2020 Bunbury Herald Print article: ‘Animal relocation needs more care.’ 

2020 Busselton-Dunsborough 
Mail 

Print article: - ‘New research highlights need to better 
understand translocation of fauna’ 

 

 
Holly Bradley presented her research at a major international conference, and at national conferences and regional 
forums.   Holly also won a Gunduwa Regional Conservation Association project grant to assist in her research, and has 
communicated her research and developed a network within the Mid West region, including being invited to meet 
with Badimia Elder Darryl Fogarty to learn the cultural significance of the WSTS. Holly and Darryl Fogarty then 
collaborated toco-author an article for The Conversation, on the importance of bringing western and traditional 
knowledge together in restoration ecology. 
 
 
Additional comments 
There have been some changes to what we originally planned, but these changes relate primarily to experimental 
aspects rather than changes to research questions. There have been increasing publications recently relating to 
translocation of animals, many of which suggest that the translocations of reptiles are rarely successful. Holly has 
written a systematic review of these papers (Bradley et al, 2020), which has provided backing to support that her study 
has collected significantly more rigorous data relating to the environmental requirements and pressures of the WSTS 
than any other comparable reptilian study. As such, her study provides essential data that may be used to understand 
how best to carry out translocations of the WSTS to increase the likelihood of successful re-establishment into new 
areas. Difficulties with the possibility of attaching trackers to individuals, and difficulties with extracting host DNA from 
scats for a genetics study has also led to a focus away from understanding home range and movement behaviour. 
  

https://www.abc.net.au/news/2021-09-29/lasers-help-save-endangered-western-spiny-tailed-skink/100493990
https://www.abc.net.au/news/2021-09-29/lasers-help-save-endangered-western-spiny-tailed-skink/100493990
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Evaluating stress levels in EPBC listed fauna inhabiting mining sites. A preliminary assessment (Project 3)  
 
Background  
 
Human activities are intensely disruptive to ecosystems and present complex challenges for ecological management, 
particularly in relation to management of threatened species. Although the physical footprint of mining activities may 
be restricted, the ecological impacts can be intensely disruptive to ecosystems that are often uncommon and fragile. 
Some impacts are clear-cut and abrupt e.g. direct habitat loss from the development of a mine pit; however, mining 
activities can also have numerous ‘indirect’ impacts that may be subtle, yet propagate across space and time.  
 
Such subtle, yet significant activities encompass a diverse array of disturbances. These include anthropogenic noise, 
dust, vibrations, and artificial light pollution, small-scale fragmentation on genetic connectivity, and the introduction 
of disease and invasive species through various pathways during anthropogenic development. Further, peripheral 
contamination by metal-laden dusts produced during mineral extraction and processing (e.g. particulates of lead, 
arsenic, and cadmium) may also be chronically deleterious to resident wildlife. These substances can be deposited into 
natural areas as dust or by runoff or containment failure, and are persistent in the environment and may 
bioaccumulate, causing elevated stress levels and reduced fitness at multiple levels within the ecosystem. These 
disturbances may be profound, pervasive, diverse and interlinked, though their impacts may be overlooked due to 
their (i) cumulative, (ii) offsite, (iii) cryptic or (iv) secondary nature. Such disturbances are rarely considered in 
assessments of the impact of human activities on animal communities, yet can adversely affect the movement and 
behaviour of fauna, and have the potential to alter ecosystem functionality or trigger trophic cascades.  
 
Objective 
The aim of this project was to identify the impacts of disturbances generated by mining activities on fauna (both 
communities in general, and specifically EPBC listed species). Preliminary data collected at Karara via the projects of 
the CMSR students Sophie Cross and Holly Bradley indicate that both number and diversity of native vertebrates 
recorded on camera traps increases with increasing distance to the active mining operation. Conversely, feral species 
are able to thrive both in and immediately surrounding human disturbances, and in habitats with increased distance 
from the mining footprint. The current research project intended to explore this in further details, and assess the 
extent to which anthropogenic noise generated by mining activities impact the presence, activity, and behaviour of 
native fauna. Further, this project aimed to evaluate the degree to which the peripheral deposition of potentially 
deleterious substances created by the Karara mining activities might cause metal bioaccumulation in local fauna (the 
EPBC listed malleefowl). The presence of the EPBC-listed species, the Malleefowl (Leipoa ocellata), within the 
operational area of the Karara Mining Ltd (KML) Iron Ore Project provides an excellent opportunity to assess these 
effects in an ecological dominant fauna group (birds).  
 
Key research tasks (noise and dust impacts) 
The proposed study aims to evaluate whether mining activities taking place at the Karara mine site are resulting in 
increased metal exposure to inhabitant fauna. To evaluate this we undertook the following at disturbed and reference 
sites:  

• Installation of camera traps and remote acoustic recorders; 
• Analysis of camera trap and acoustic data; 
• Soil analyses of potential impact and reference sites; 
• Collection of non-destructive core samples from malleefowl mounds of various ages to obtain feathers and 

eggshell fragments to assess potential bioaccumulation over time 
• Collection and analysis of Malleefowl eggshell fragments and feathers from the mapped nest mounds for As, 

Cd and Pb content.  
 
Critically, an improved understanding of animal responses to noise, and the metal analysis in soil and malleefowl 
eggshells can significantly enhance the existing monitoring undertaken by KML on EPBC-listed species within its 
operational footprint by providing a benchmark understanding of the exposure to metal-laden dust of this species. 
This information will assist KML in meeting its ministerial conditions associated with assessing the impacts of mining 
on EPBC-listed species, and further establish the company as a leader in science-driven best-practice ecological 
restoration.  
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Noise impacts  
 
To assess the potential impacts of anthropogenic noise generated by mining activities on fauna communities, 
recording stations positioned in varying proximity to the active mine were established. Stations comprised five 
transects, set 0.5km (opposite the mine), 1km (Karara West), 2km (Exploration village bushland), 3.5km (Karara East), 
6km (Blue Hills North), and 8km (Old Pipeline Track) from the active mining operation. Each transect comprised six 
remote sensing Reconyx Hyperfire covert cameras (spaced 150m apart), and two song meter mini bioacoustics 
recorders, set at the first and last camera trapping point of each transect (Figure 5). Recording stations were designed 
to provide the activity of taxa (birds, mammals, and reptiles) through camera trapping photos, and to record ambient 
and anthropogenic noise levels within each site. In this data are collected for real time reactions to disturbance (mine 
noise, blasts, and road noises) and simultaneous records of the activity of native fauna are captured. 
 
Study sites 

Study sites were located within the Mid West region of Western Australia, within the tenement of an active magnetite 
mineral extraction operation (29°11'31″S, 116°45'36″E). Selected sites comprised five transects at varying proximity 
to the active mining operation, including directly opposite mining activities (~0.5km from the active operation; T1), 
1km (T2), 3km (T3), 6km (T4), and 8km (T5) from the active mining operation. Transects were orientated in a northward 
direction, with each transect spanning a distance of ~1km. Sites were selected based upon vegetation and landform 
attributes, to include similar landscape features and vegetation communities. Vegetation within the region largely 
comprises Acacia shrublands and open Eucalyptus woodland, with banded ironstone ridges and sandy-rocky loam soils 
(Bamford 2006). We surveyed sites concurrently over the Austral spring and summer, between October 2020 and 
February 2021. Having an arid climate, mean monthly temperatures in spring and summer range between 27 and 
39.5°C, and rainfall averages ~14mm over spring, and ~19mm over summer months (Australian Bureau of 
Meteorology, http://www.bom.gov.au/climate/data). 

 

 
Figure 5. Layout of noise monitoring sites at the KML site. Sites included five transects set at varying proximity to the active mining operation. 
Circles represent each trapping point.  
  

http://www.bom.gov.au/climate/data
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Camera trapping and bioacoustics recording 

We established six camera trapping points and two bioacoustics recording stations along each transect. We used 
Reconyx Hyperfire 2 remote sensing cameras (Reconyx Inc., United States) to record images, and song meter mini 
acoustic recorders (Wildlife Acoustics, United States) to record acoustic environments. Cameras were spaced 
approximately 150m apart, and attached to trees or metal stakes at a height of ~50cm off the ground, to maximise 
the likelihood of capturing small mammalian and reptilian species in addition to larger bodied animals. Cameras were 
set to trigger on their highest sensitivity setting with no time delay over a 24-hour period, capturing three images per 
trigger. We surveyed 30 trapping points in total.  

 
We set two Song Meter Mini bioacoustics recorders along each transect. Bioacoustic recorders were set at each end 
of the transect, such that one recorder was set at the closest point to potential noise sources (linear infrastructure and 
associated mining activities), and the other at the furthest point from noise sources. Audio recorders were 
programmed to record all ambient and anthropogenic noise for a period of five minutes every 15 minutes over a 24-
hour period. Recorders were programmed at a sample rate of 44100Hz, with minimum recording level set to 0dB. 

 
This research provides an important understanding of the cryptic impacts of mining operations upon native fauna. 
 
Final Project Reporting 
 
Fieldwork for Project 3 was initially delayed for 6 months due to restrictions imposed by the Western Australian 
Government, and Karara Mining Ltd. resulting from the current COVID-19 pandemic (as planned for/outlined in the 
Q1 report). During this time, Postdoctoral Research Associate Sophie Cross (SC) met with Gregory Oliver and Andre 
Marais to discuss logistical arrangements and field plans for field operations and data collection at KML. During the 
period where site travel and data collection were not feasible, SC worked with researchers in the ARC Centre for Mine 
Site Restoration, and Curtin School of Molecular and Life Sciences to design, collect and analyse data, and written a 
scientific publication (Cross et al. 2021) for a review of the literature relating to anthropogenic disturbances to fauna 
generated by mining activities.  

 

Analyses 

Species diversity. We considered trapping events (where an animal was captured on camera) as independent if a period 
of 15 minutes or greater had elapsed between triggers, or if there were clear morphological differences between 
animals captured (Dorning and Harris, 2019a,b; Cross et al. under review). We discarded images where no animal was 
captured (false triggers resulting from wind and vegetation movement). For each independent trapping event, we 
recorded the site (transect number), camera number, date and time of trigger, temperature, genus, and species where 
possible. We calculated the Simpsons Reciprocal Index (SRI) for species recorded in each site, following Biranvand et 
al. (2014), using:  

(1) 𝑆𝑆𝑆𝑆𝑆𝑆 = 1
𝐷𝐷

  

where n represents the total number of each species recorded, and N represents the total number of all individuals 
detected within each site.  

 

Proximity to active mining 

We used General Linear Models with a Poisson distribution to assess whether the abundance of each species , and of 
each faunal group (e.g., reptiles, mammals, birds) detected differed statistically between sites of varying proximity to 
the active mining operation, and to determine whether abundance differed within sites.  
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Results 

Overview 

Camera trapping captured 33 animal species (Corvus spp. and Macropus spp. were each grouped together) from 456 
independent trapping events. Species detected comprised 20 bird species (195 detections, 42.7%), seven mammals 
(231 detections, 50.6%), and six reptiles (30 detections, 6.6%). We detected 126 occurrences of invasive animals 
(27.5% of all captures), the majority of which comprised detections of the European rabbit (Oryctolagus cuniculus, 114 
detections; 90.5%). We detected six occurrences each of feral cats (Felis catus), and house mice (Mus musculus). The 
EPBC listed malleefowl (Leipoa occellata) was detected on three independent trapping events exclusively at the site 
furthest from the active mining operation (T5; 8km). Cameras captured one image of a gecko sp.; however, it was not 
possible to identify to genus or species. We discounted this detection from analyses, as it was an incidental capture 
triggered by the presence of an echidna (Tachyglossus aculeatus). Species detected within each site are summarised 
in Table 1.  
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Table 1: Species captured on cameras within each site. * denotes a species classified as invasive. 
 

Species T1 
 (0.5km) 

T2  
(1 km) 

T3  
(3 km) 

T4  
(6 km) 

T5  
(8 km) 

Birds 
 
Inland thornbill (Acanthiza apicalis) 
Chestnut quail-thrush (Cinclosoma castanotum) 
Grey shrike-thrush (Colluricincla harmonica) 
Black-faced cuckooshrike (Coracina novaehollandiae) 
Corvus sp. 
Australian magpie (Cracticus tibicen) 
Grey butcherbird (Cracticus torquatus) 
Emu (Dromaius novaehollandiae) 
Pink and grey galah (Eolophus roseicapilla) 
Malleefowl (Leipoa ocellata) 
Variegated fairywren (Malurus lamberti) 
Yellow-throated miner (Manorina flavigula) 
Hooded robin (Melanodryas cucullatus) 
Crested bellbird (Oreoica gutturalis) 
Common bronzewing pigeon (Phaps chalcoptera) 
Tawny frogmouth (Podargus strigoides) 
White-browed babbler (Pomatostomus 
superciliosus) 
Redthroat (Pyrrholaemus brunneus) 
Willie wagtail (Rhipidura leucophrys) 
Grey currawong (Strepera versicolor) 
 
Mammals 
 
Dingo (Canis lupus dingo) 
Hopping mouse (Notomys mitchelli) 
Cat (Felis catus)* 
Macropus sp. 
House mouse (Mus musculus)* 
European rabbit (Oryctolagus cuniculus)* 
Short-beaked Echidna (Tachyglossus aculeatus) 
 
Reptiles 
 
Lozenge marked dragon (Ctenophorus scutulatus) 
Perentie (Varanus giganteus) 
Gould’s goanna (Varanus gouldii) 
Yellow spotted monitor (Varanus panoptes) 
Black-headed monitor (Varanus tristis) 
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Key Findings on the impact of noise  
 
Based on preliminary analysis of camera trap data, no significant difference in animal detection could be related to 
noise levels. The animal diversity measured by the number of detections is not impacted by noise levels. There is a 
small increase in the number of animal detected between 1 and 3 km from mining activities, but no overall significance. 
This may be partly because Karara started hauling along the road about a month or so into the camera trap program.  
 
 
References:  
Bamford, M. (2006). Gindalbie Metals N. L. and Midwest Corporation: Mt Karara/Mungada Haul Road; Fauna Assessment. Report prepared for 

Woodman Environmental Consulting Pty Ltd, Applecross, by M. J. and A. R. Bamford, Consulting Ecologists, Kingsley, WA. 
Biranvand, A., Jafari, R., & Khormizi, M. Z. (2014). Diversity and distribution of Coccinellidae (Coleoptera) in Lorestan province, Iran. Biodiversity 

Journal, 5(1), 3-8. 
Cross et al. (under review) Build it and some may come: early-stage habitat restoration may initially favour herbivore return. Austral Ecology. 
Dorning, J., & Harris, S. (2019a). The challenges of recognising individuals with few distinguishing features: Identifying red foxes Vulpes vulpes 

from camera-trap photos. PLoS One, 14(5), e0216531. 
Dorning, J., & Harris, S. (2019b). Quantifying group size in the red fox: impacts of definition, season and intrusion by non-residents. Journal of 

Zoology, 308(1), 37-46. 
 
 
Publications/ conference presentations/ other significant communications of research  
 
Cross, S.L., Bradley, H.S., Tudor, E.P., Craig, M.D., Tomlinson, S., Bamford, M.J., Bateman, P.W. and Cross, A.T (2021). A life of 

mine approach to fauna monitoring is critical for recovering functional ecosystems to restored landscapes. Restoration 
Ecology. Online early. doi: 10.1111/rec.13540 

Cross S.L., Cross, A.T., Tomlinson, S., Clark-Ioannou, S.M., Nevill P.G. and Bateman, P.W. (2021). Mitigation and management 
plans should consider all anthropogenic disturbances to fauna. Global Ecology and Conservation. Online early. doi: 
10.1016/j.gecco.2021.e01500 

 
Additional comments 
The initial post-doctoral research fellow hired to coordinate the projects commenced a new role outside of Curtin University on 

3/3/21, therefore results analysis and report writing has been undertaken by MMG and BB.  
 

  

https://doi.org/10.1111/rec.13540
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Metal(loid) Levels in Soil from Malleefowl Mounds and Malleefowl Eggshell Fragments 
 
Malleefowl are recognised as conservation-dependent taxa under the EPBC Act. Due to increased restrictions relating 
to research involving threatened species (e.g., ethical issues, permits, necessity for highly experienced personnel to 
collect invasive samples), we indirectly assessed potential contamination and bioaccumulation of heavy metals from 
dust deposition from mining activities to malleefowl using eggshells, and sediment samples from malleefowl mounds. 
Heavy metals and trace elements can be eliminated from the female’s body by sequestering them into their developing 
eggs, and eggs can adsorb metals from the soil they are incubated in. Therefore, eggshells can indicate both bird and 
soil contamination. The collection of biological samples of priority species without direct impact to the threatened 
species allows for an assessment to be reliably inferred without direct impact or disruption to the threatened species.  
 
We collected eggshells and sediment samples through non-destructive core sampling of malleefowl mounds of 
varying ages and proximities to the active mining operation. Samples were collected in November 2020 to avoid 
disturbances to key breeding periods and events (breeding season during summer). The aim of the soil and eggshell 
fragment collection and analysis is to investigate if malleefowl mounds located close to the mine infrastructures 
(waste piles, crushing facilities, etc.) are experiencing an enhanced exposure to aluminium (Al), arsenic (As), barium 
(Ba), bismuth (Bi), cadmium (Cd), chromium (Cr), copper (Cu), nickel (Ni), lead (Pb), tin (Sn), strontium (Sr), thorium 
(Th), titanium (Ti), uranium (U) and vanadium (V) generated by the mining operations. In addition, we quantified the 
concentration of 29 other elements in the egg shell fragments only: lithium (Li), sodium (Na), magnesium (Mg), 
scandium (Sc), manganese (Mn), iron (Fe), cobalt (Co), zinc (Zn), gallium (Ga), germanium (Ge), rubidium (Rb), 
yttrium (Y), zirconium (Zr), molybdenum (Mo), indium (In), caesium (Cs), lanthanum (La), cerium (Ce), neodymium 
(Nd), samarium (Sm), europium (Eu), gadolinium (Gd), dysprosium (Dy), erbium (Er), ytterbium (Yb), lutetium (Lu), 
hafnium (Hf), tantalum (Ta) and tungsten (W).Twenty mounds were sampled. Soil was collected at three depths (0-
10 cm; 10-20 cm; 20-30 cm) and five replicates of ca. 150 g were collected at each mound i.e. a total of 15 soil 
samples per mound. Of these replicates, two were submitted in December 2020 to ChemCentre for analysis of As, Cd 
and Pb. In June 2020, we also submitted duplicate samples from two depths (0-10 cm; 10-20 cm) to ChemCentre to 
further analyse Al, Ba, Bi, Co, Cr, Cu, Ni, Sn, Sr, Th, Ti, U & V in August 2021. Results of soil analysis can be found in 
Table 2.  

Soil samples were analysed by ChemCentre, using the National Association of Testing Authorities (NATA) method 
iMET2SAICP for metal analysis in sediments and soils. This method uses inductively coupled plasma atomic emission 
spectrometry (ICP-AES) to quantify metals at specific wavelengths produced by the metal’s excited atoms and ions.  
 
The next two soil replicates were sieved through a 1.0 mm then through a 0.5 mm metal mesh sieve to collect eggshell 
fragments. The malleefowl eggshell is extremely thin and friable, and disintegrates easily when the nesting malleefowl 
works the soil around and in the nest. Not all malleefowl mounds were active but eggshell fragments were found in 
eight mounds. These eggshell fragments were mounted on glass slides at the John de Laeter analytical laboratory at 
Curtin University, and 44metals and trace elements were quantified by laser ablation inductively coupled plasma mass 
spectroscopy (LA-ICP-MS). Two shell fragments per mound were analysed.  
 
The fifth soil replicate is stored in the Curtin laboratories as a back up.  
 
The above generates information to assess if malleefowl experience chronic exposure to, and bioaccumulation of 
metals, which can reduces their ability to cope with environmental challenges. 

 
Resourcing  
Sampling of soil from the malleefowl mounds was completed by Bill Bateman (BB), Sophie Cross (SC) and Marthe 
Monique Gagnon (MMG) in November 2020. BB coordinated volunteers for the collection of reference soil samples 
from Chingarrup, in the south west of Western Australia. MMG coordinated soil samples analysis by ChemCentre and 
eggshell fragment analysis by the John de Laeter facilities.  
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Final Project Reporting 
 
Fieldwork for the research project 3 (EPBC listed malleefowl – contamination assessment) was completed in November 

2020 by MMG and BB. Reference eggshell samples from Chingarrup were obtained by BB. Following soil sample 
collections, MMG managed the submission of soil samples to ChemCentre, undertook retrieval of eggshell 
fragments from soil samples, and submitted the shell fragments to the John de Laeter analytical facilities  

 
 
Results from metal analysis of soil and malleefowl eggshell fragments  
 
Metal levels in soil collected from Malleefowl mounds 

To assess the influence of tailings and mining generated dust on soil, we conducted several analyses. First, we 
compared the relationship between soil As, Cd, and Pb at three depths in the 20 malleefowl mounds. As and Pb were 
detected at all sites but Cd was below the limits of detection in all samples except one single surface soil sample at 
mound No. 205 which was very close to the limit of detection – therefore we did not include Cd from further 
investigation. There was no significant relationship between depth and As (X2 = 3.36, p = 0.07) nor Pb (X2 = 0.60, p = 
0.43) concentrations in the malleefowl mounds. Malleefowl actively turn the soil in their mounds during breeding 
season, so surface contamination is probably mixed throughout the mound. To test this hypothesis we compared the 
topsoil concentrations between active and extinct mounds. There was no significant relationship between topsoil 
and mound activity for As (X2 = 0.42, p = 0.52) nor Pb (X2 = 0.06, p = 0.80). 

Mean As, Cr and V in Karara mallefowl mound soils were all higher than at least one of the soil guideline values (Table 
2). Without proper landscape soil analysis it is difficult to determine if concentrations occur naturally, or are related 
to local dust contamination. To assess whether soil contaminants influence egg contaminants – either via deposition 
from the female, or adsorption – we used generalised linear mixed models. This analysis included mound soils and 
eggshells from Chingarrup, in the south-west of Western Australia, as a comparison (described later in this report). Of 
the 16 metals we could compare, only Co (r2 = 0.93, X2 = 12.58, p < 0.001) and Cr (r2 = 0.61, X2 = 32.67, p < 0.001) had 
a significant positive relationship between soil mound and eggshell metal contents. A larger sample size of malleefowl 
mounds around Karara is needed to assess this relationship properly, as patterns may be missed with only eight 
independent mounds.  
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Table 2. Summary of total metal(loid) concentrations found in soil of the eight active Malleefowl mounds at Karara. All units are 
mg/kg. Bold values indicate a concentration that exceeds at least one guideline value. 
 

Metal Mean soil 
concentratio

n ± SE 

Range Australian Soil 
Ecological 

Investigation 
Levels# 

US EPA 
Ecological Soil 

Screening Levels for 
Avian Wildlife^ 

Canadian Soil Quality 
Guideline Values for 

Environmental Health¶ 

 

Al* 11264 ± 853 5650 – 

17500 

- * -  

As 25.1 ± 4.88 5.5 – 62 20 43 – 76 17 – 380  

Ba 7.99 ± 1.13 2.8 – 17 300 - -  

Bi 0.30 ± 0.03 0.11 – 0.57 - - -  

Cd <0.05 <0.05 3 0.77 – 28 3.8  

Co 1.49 ± 0.11 0.9 – 2.3 50 120 – 270   

Cra 388 ± 84.6 85 – 1300 400 26 – 78 64  

Cu 11.6 ± 0.97 7.2 – 22 100 28 – 76 63 - 300  

Ni 8.56 ± 0.74 5.3 – 17 60 210 45  

Pb 10.27 ± 0.88 5.7 – 16 110 – 470 11 – 46 70  

Sn 0.71 ± 0.06 <0.5 – 1.1 50 - -  

Sr 8.21 ± 1.41 <2.0 - 22 - - -  

Th 8.29 ± 0.94 2.5 – 14 - - -  

Ti 287 ± 36.8 <50 – 510 - - -  

U 0.75 ± 0.08 0.25 – 1.3 - - 33  

V 111 ± 14.13 32 – 220 50 7.8 – 13 130  

# sourced from Department of Environment and Conservation (2010) and the National Environment Protection (Assessment of Site Contamination) Measure 1999. 
^ sourced from the United States Environmental Protection Agency (2005 – 2007), https://www.epa.gov/risk/ecological-soil-screening-level-eco-ssl-guidance-and-
documents  
¶ sourced from the Canadian Council of Ministers of the Environment (2007), https://ccme.ca/en/resources/soil  
a US and Canadian soil guideline values are specifically for Cr(III) and Cr(VI), not total Cr. 
* Total aluminium in soil is not correlated with toxicity to the tested plants and soil invertebrates. Potential ecological risks associated with aluminium in soils is 
identified based on the measured soil pH. Aluminium is identified as a Contaminant of Potential Concern (COPC) only for those soils with a soil pH less than 5.5 
(US EPA 2003). 
 
We summarised concentrations of the 16 metals analysed in the eight active malleefowl mounds in Table 2. This table 
compares the measured values to the guidelines for Environmental Investigation Levels (DEC, 2010), the US EPA 
Ecological Soil Screening Levels for Avian Wildlife (US EPA, 2007) and the Canadian Soil Quality Guideline Values for 
Environmental Health (2007). These guidelines are only intended to be used in the context of an initial screening risk 
assessment to determine whether concentrations of substances in soil at a site potentially pose a risk to the 
environment or relevant environmental values. They do not take local (and naturally occurring) metal abundances into 
consideration. 
 
 
Metal levels in eggshells collected from Malleefowl mounds 

We found a significant positive relationship between Cr in mound soils and eggshells which could be of concern, 
especially with the high concentrations of Cr in the Karara mound soils. Chromium is an essential nutrient required for 
metabolism, and is often used in low concentrations as a supplement to potentiate the action of insulin; however, 
high concentrations of the Cr species Cr(III) and Cr(VI) can induce a toxic response in animals. Exposure to chronic 

https://www.epa.gov/risk/ecological-soil-screening-level-eco-ssl-guidance-and-documents
https://www.epa.gov/risk/ecological-soil-screening-level-eco-ssl-guidance-and-documents
https://ccme.ca/en/resources/soil
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concentrations of Cr(III) has been shown to increase embryonic malformations in ducks (Kertesz & Fancsi, 2003) and 
inactivate specific liver metabolites in chickens (Guerra et al., 2002), while Cr(VI) induces DNA-damage and changes in 
gene expression for functional metabolites in chickens (Wetterhahn & Hamilton, 1989). Our analyses could only 
measure total Cr, not different species, so further research is required to determine if the Karara soil concentrations 
are likely to be toxic. 
 
Since most metals in the eggshells did not correlate with mound soils, and given that eggshell concentrations are likely 
to be more biologically relevant than soils, we conducted further analyses on eggshell concentrations only. We 
assessed the relationship between eggshell concentrations and mound distance from mine tailings for 44 elements. 
We hypothesised that elements in mine tailings may be distributed through the air as dust, and mounds closer to the 
tailings would be more abundant in certain elements. Of the eight active mounds, seven were located up to 15 km in 
a linear NE direction away from the dry tailings. Wind statistics for the closest weather station (Morawa Airport, BOM) 
show the five-year annual wind direction to be dominantly southerly, followed by similar proportions of SE and SW 
directions. These dominant wind statistics suggest the mounds we tested should be exposed to tailings dust for 
approximately 30% of the year. One mound, 62, is located 3 km NW of the dry tailings and should receive wind and 
dust for a similar proportion of the year.  
 
None of the 44 elements had a significant positive relationship between concentration and proximity to dry tailings. 
We found a significant negative relationship between Mo and dry tailings (r2 = 0.21, X2 = 4.86, p = 0.03) – that suggests 
a higher abundance of Mo in eggshells collected further from the tailings. An observable landscape scale effect is 
unlikely to be detected with only eight mounds. A power analysis suggests a minimum of 19 mounds are required to 
observe a medium level correlation, or 84 mounds are required to observe a weak level correlation with distance to 
tailings. 
 
Finally, we compared the elemental concentrations of eggshell fragments collected from Karara mounds with those 
collected at Chingarrup (Table 3). Karara eggshells had significantly higher concentrations of Ba (r2 = 0.25, X2 = 4.64, p 
= 0.03), Mg (r2 = 0.61, X2 = 22.12, p < 0.01), Na (r2 = 0.59, X2 = 19.81, p < 0.01) and Sr (r2 = 0.29, X2 = 5.8, p < 0.01), and 
significantly lower concentrations of Cs (r2 = 0.23, X2 = 4.19, p = 0.04) and Rb (r2 = 0.23, X2 = 4.15, p = 0.05). As the 
Chingarrup eggshells and soils belong to a different bioregion with different geological and climate conditions, it is 
difficult to determine if the eggshell concentrations of these elements is influenced by Karara mining activity or by 
the naturally occurring metal levels at the mine site. Interpretation should be considered tentatively.  

Table 3. Summary of metal(loid) concentrations in eggshell fragments at surface depth from Karara and from a comparative site 
in Chingarrup. All units are mg/kg. * Indicates a significant difference. 

Metal(loid) Karara 
Mean conc. ± SD 

(Range) 

Chingarrup 
Mean conc. ± SD 

(Range) 

NOEL for Aves  
(concentration in 

food) 

LOEL for Aves LD50/LC50 for 
Aves 

(concentration 
in food) 

Concentration 
in food 

Effect 

Al 70.9 ± 69.8 
(26.5 – 240) 

77.8 ± 52.1 
(33.5 – 187) 

1000 – 15 000 - - - 

As 0.04 ± 0.02 
(0.02 - 0.07) 

0.09 ± 0.09 
(0.02 - 0.28) 

15.6 – 100 50 – 403 Growth, weight, egg production 28.9 – 1 145 

Ba* 57.5 ± 18.1 
(38.4 - 92.2) 

37.1 ± 18.5 
(13.0 - 68.2) 

292 – 5 620 - - 1254 – 5 620 

Bi 0.001 ± 0.001 
(0 - 0.003) 

0.001 ± 0.001 
(0 - 0.003) 

- - - - 

Cd 0.002 ± 0.005 
(0 - 0.01) 

0.001 ± 0.004 
(0 - 0.01) 

14.6 – 450 10 – 450 - 651 – 3 294 

Ce 2.04 ± 1.40 
(0.77 - 4.17) 

2.67 ± 1.50 
(1.25 - 5.79) 

- - - - 

Co 0.05 ± 0.02 
(0.03 - 0.09) 

0.06 ± 0.02 
(0.04 - 0.09) 

- - - - 

Cr 1.33 ± 0.20 
(1.02 - 1.67) 

1.46 ± 0.30 
(1.2 - 2.05) 

25 – 600 50 – 400 Hormone and enzyme expression, 
embryonic deformation 

164 – 5 100 

Cs* 0.001 ± 0.004 
(0 - 0.01) 

0.01 ± 0.01 
(0 - 0.03) 

- - - - 

Cu 0.62 ± 0.23 
(0.44 – 1) 

0.75 ± 0.24 
(0.41 - 1.08) 

80 – 1936 120 – 1936 Weight, feeding behaviour, plasma 
analytes 

340 – 40 000 

Dy 0.07 ± 0.05 0.09 ± 0.06 - - - - 
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(0.03 - 0.15) (0.04 - 0.2) 
Er 0.03 ± 0.02 

(0.01 - 0.06) 
0.04 ± 0.03 
(0.01 - 0.09) 

- - - - 

Eu 0.03 ± 0.02 
(0.01 - 0.07) 

0.04 ± 0.02 
(0.02 - 0.09) 

- - - - 

Fe 162 ± 184 
(52.6 – 597) 

130 ± 79.8 
(67.6 – 291) 

- - - - 

Ga 0.04 ± 0.02 
(0.02 - 0.09) 

0.07 ± 0.05 
(0.03 - 0.18) 

- - - - 

Gd 0.10 ± 0.08 
(0.04 - 0.23) 

0.13 ± 0.09 
(0.05 - 0.3) 

- - - - 

Ge 0.02 ± 0.01 
(0.01 - 0.05) 

0.03 ± 0.02 
(0.02 - 0.06) 

- - - - 

Hf 0.002 ± 0.005 
(0 - 0.01) 

0.001 ± 0.004 
(0 - 0.01) 

- - - - 

La 1.03 ± 0.71 
(0.35 - 2.42) 

1.26 ± 0.8 
(0.73 - 3.01) 

- - - - 

Li 0.07 ± 0.02 
(0.05 - 0.1) 

0.09 ± 0.04 
(0.06 - 0.15) 

- - - - 

Lu 0.004 ± 0.005 
(0 - 0.01) 

0.003 ± 0.005 
(0 - 0.01) 

- - - - 

Mg* 3441 ± 1315 
(2232 – 6395) 

983 ± 436 
(413 – 1650) 

- - - - 

Mn 101 ± 57.7 
(48.6 – 216) 

84.9 ± 38.1 
(37.7 – 145) 

- - - - 

Mo 0.02 ± 0.01 
(0.01 - 0.04) 

0.01 ± 0.01 
(0.01 - 0.02) 

- - - - 

Na* 1020 ± 191 
(813 – 1430) 

628 ± 143 
(413 – 778) 

- - - - 

Nd 0.76 ± 0.52 
(0.29 - 1.56) 

1.02 ± 0.70 
(0.42 - 2.5) 

- - - - 

Ni 0.22 ± 0.22 
(0.1 - 0.75) 

0.29 ± 0.14 
(0.16 - 0.58) 

- - - - 

Pb 0.21 ± 0.18 
(0.05 - 0.6) 

0.13 ± 0.04 
(0.08 - 0.18) 

1 – 1000 10 – 1000 
(food) 

Behaviour, growth, weight 5000 

0.05 mg/eggwt 
(yolk) 

Deformation, survival 

Rb* 0.10 ± 0.05 
(0.05 - 0.19) 

0.18 ± 0.10 
(0.07 - 0.36) 

- - - - 

Sc 0.14 ± 0.06 
(0.07 - 0.23) 

0.21 ± 0.10 
(0.11 - 0.4) 

- - - - 

Sm 0.13 ± 0.09 
(0.05 - 0.27) 

0.18 ± 0.12 
(0.07 - 0.43) 

- - - - 

Sn 0.01 ± 0.01 
(0 - 0.02) 

0.01 ± 0 
(0.01 - 0.02) 

- - - - 

Sr* 563 ± 105 
(479 – 812) 

404 ± 149 
(262 – 609) 

- - - - 

Th 0.09 ± 0.07 
(0.03 - 0.23) 

0.14 ± 0.05 
(0.08 - 0.22) 

- - - - 

Ti 2.73 ± 2.37 
(0.96 - 8.03) 

2.65 ± 2.30 
(0.75 - 7.49) 

- - - - 

U 0.03 ± 0.04 
(0.01 - 0.11) 

0.03 ± 0.01 
(0.01 - 0.04) 

- - - - 

V 0.11 ± 0.07 
(0.04 - 0.25) 

0.22 ± 0.24 
(0.05 - 0.73) 

25 – 40 25 – 40 Growth 958 

W 0.54 ± 0.54 
(0.06 - 1.69) 

1.33 ± 1.51 
(0.11 – 4) 

- - - - 

Y 0.33 ± 0.25 
(0.1 - 0.78) 

0.35 ± 0.24 
(0.16 - 0.85) 

- - - - 

Yb 0.03 ± 0.02 
(0.01 - 0.05) 

0.03 ± 0.02 
(0.01 - 0.07) 

- - - - 

Zn 10.31 ± 8.28 
(3.86 - 29.1) 

0.03 ± 2.49 
(4.78 - 12.5) 

- - - - 

Zr 0.19 ± 0.25 
(0.03 - 0.78) 

8.43 ± 0.04 
(0.1 - 0.19) 

- - - - 

NOEL: No Observed Effect Level 
LOEL: Lowest Observed Effect Level 
LD50: the amount of a solid or liquid material that it takes to kill 50% of test animals 
LC50: the concentration of a material in air of water that will kill 50% of the animals 
EL and LD data was collated from the US:EPA ECOTOX database, https://cfpub.epa.gov/ecotox/  

https://cfpub.epa.gov/ecotox/
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We also compared the eggshell elemental fingerprint of all 44 elements between sites using a principle components 
analysis (PCA; Fig 6). The elemental fingerprint considers all 44 metals as a signature of a group of samples, and 
compares the elemental signatures between sites. The PCA explained 63% of the variation, and neither PC1 nor PC2 
were significantly different between localities (p > 0.4) meaning that despite different elemental signatures, the 
eggshell metal contents was similar between Karara and Chingarrup eggshell fragments.  
 

 
Figure 6. A principle component analysis comparing the elemental fingerprint of 44 elements in the malleefowl eggshells 
collected from Karara and Chingarrup. There was no statistical difference between the elemental contents of the eggshell 
fragment collected from the two localities. 
 
 
Malleefowl feathers were found at only three mounds and were not analysed as the identification and acquisition of 
a certified analytical standard appears to be problematic. Malleefowl faeces have also been collected at three locations 
(different from the feather locations) but no analysis has been conducted due to the low number of samples.  
 
 
Key findings on metal analysis of soil and malleefowl eggshell fragments 

We have not detected any robust patterns of metal, metalloid or trace element contamination in relation to proximity 
of Mallefowl mounds to Karara mine dry tailings. The concentration of several metals in eggshells appear different 
between Karara and Chingarrup mounds, however this could be due to environmental conditions where metals are 
naturally occurring at high levels in Karara. A much larger sample size of mounds varying in proximity and bearing to 
the mine site is needed to accurately determine the influence of potential dust contamination on Malleefowl. In 
addition, further research is needed to quantify if metals measured in Malleefowl eggshell indicate bioaccumulation 
in reproductive females. The high levels of soil chromium, and positive correlation between chromium soil and eggshell 
concentration warrants further research to determine toxicity, and if the source is anthropogenic.  

References:  
• DEC Department of Environment and Conservation (2010) Contaminated Sites Management Series – Assessment levels for soils, sediment 

and water. 53 pages.  
• Smith E., Smith J., Smith L., Biswas T., Correll R., Naidu R. (2003) Arsenic in Australian environment: an overview. J. Environ. Sci. Health, 

Part A, 38:223-239.  
• Kertesz, V., and T. Fancsi. 2003. Adverse effects of (surface water pollutants) Cd, Cr and Pb on the embryogenesis of the mallard. Aquat 

Toxicol 65: 425-33. 10.1016/s0166-445x(03)00155-3. 
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• Wetterhahn, K.E., and J.W. Hamilton. 1989. Molecular basis of hexavalent chromium carcinogenicity: effect on gene expression. Sci. Tot. 
Environ. 86: 113-29. 10.1016/0048-9697(89)90199-x. 

• Guerra, M.C., C. Renzulli, A. Antelli, L. Pozzetti, M. Paolini, and E. Speroni. 2002. Effects of trivalent chromium on hepatic CYP-linked 
monooxygenases in laying hens. J Appl Toxicol 22: 161-5. 10.1002/jat.853. 

 
Publications/ conference presentations/ other significant communications of research  
A scientific publication regarding the elemental composition and comparison of the eggshell fragments, in relation to 

soil metal contents is in preparation.  
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5. ALIGNMENT WITH RESEARCH PRIORITIES  
The research as outlined above has been designed to deliver outcomes specifically towards the priority research areas as outlined 
in the KML Research Plan to Support Offset Requirements for the Malleefowl and Western Spiny-tailed Skink Karara Mining Limited 
– EPBC2006/3017 (CORP-EN-PLN-1039). The tables below indicate the numbered items that this research program has delivered, 
and other administrative details of the project. 

 
Table 4. Alignment with research priorities outlined in CORP-EN-PLN-1039 

Species & item Delivery through the 
proposal 

Final Progress 

Western Spiny-tailed Skink   
1. Resolving the taxonomic and 

conservation status of WA taxa within 
the E. stokesii complex 

No N/A 

2. Investigating goat exclusion/control 
zones around populations on pastoral 
leases. 

Yes (Project 2) Exclusion zones through fencing are no longer a 
component of the research as camera-trapping 
studies have detected very few goats within the 
study area. 

3. Analysing the activities and diets of 
predators around populations and assess 
whether fox/feral cat control is required 

Yes (Project 2 & 3) Substantial. PhD candidate Holly Bradley has 
made extensive surveys of predation using 
camera traps to identify likely predators at 
inhabited log piles and in the surrounding 
habitat, undertaking unbounded point count 
surveys targeting predatory bird species, and 
using plasticine models to record predation 
activity. The greatest predation threats to E. s. 
badia appear to be by proximity to landfill, feral 
cats and corvid species. 
Large collections of E. s. badia scat have also 
been collected to be assessed using visual 
detection and eDNA metabarcoding to identify 
dominant components of the diet. 

4.  Trialling artificial refugia in areas where 
logs have been largely removed. 

Yes (Project 2) None to date. Complications to the progress, 
including the COVID-19 pandemic, a 
requirement to expand the predation 
experiments (above) and to resolve refuge 
characteristics at high resolution using LiDAR 
have meant that Holly is unable to progress this 
research during her PhD. 

Malleefowl   

5. Defining appropriate genetic units for 
management of Malleefowl 

No N/A 

6. Describing the habitat requirements of 
Malleefowl, with a view to identifying 
important habitat components that may 
underlie variations in breeding densities 
quantitative description and analysis 
involving at least 40 monitoring sites. 

Yes (Project 1) This has been partly completed in the 
distribution modelling of Project 1, which 
suggests that none of the habitats where the 
species is currently found have been optimal 
habitat in the past. Nevertheless, these relictual 
populations on the fringes of the distribution 
are now essential holdouts for Malleefowl. 
Although not extensively researched, fecundity 
in these fringe populations is likely lower than in 
previous core habitat, and research into 
fecundity, recruitment and juvenile movements 
has been strongly advocated. 

7. Mapping fires in Malleefowl habitat and 
monitor the effects of fire at Malleefowl 
monitoring sites. 

Yes (Project 1) The gap analysis in Project 1 indicated this to be 
a substantial and pervasive knowledge gap. The 
distribution modelling provided could be readily 
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updated with fire history data were these data 
available, but none had been located at the time 
that the gap analysis was finalised. 

8. Review past and current translocation, 
captive, rearing and breeding programs. 

Yes (Project 1) This has been completed and summarised in the 
literature review and gap analysis. Very little 
progress has been made on this front in the last 
decade, and it remains unclear whether the 
species is a good candidate for translocation, 
nor how to harvest and rear chicks in captivity. 

 
Table 5. Alignment with recovery actions as outlined in CORP-EN-PLN-1039 identified to be relevant to research plan 

Species & item Delivery through the 
proposal 

Progress to date 

Western Spiny-tailed Skink   
1. Determine the essential habitat 

requirements of mainland WA 
populations. 

Yes (Project 2) The habitat requirements of WSTS is one of the 
key focus areas of Holly’s PhD. The 
characteristics of the log piles are being 
examined in a high level of detail through LIDAR 
as well as research into diet requirements and 
predation impacts. 

2. Clarify the distribution and conservation 
status of the various taxa of E. stokesii 
and their population trends. 

No N/A 

3. Identify threatening processes and 
techniques to mitigate their impact. 

Yes (Project 2 & 3) One of the major threatening processes for this 
species appears to be that its preferred habitat 
in fallen logs is also a preferred foraging habitat 
for predators, especially avian predators and 
feral cats. 

4. Manage known populations in remnant 
woodland areas. 

Yes (Project 2) Research to date has only been at the Karara 
site. 

5. Protect habitat and create new habitat 
where required for populations to 
persist. 

Yes (Project 2) Work throughout 2020 has characterised 
inhabited log piles to a very high resolution 
(mm) for roughly a 10m radius surrounding the 
focal logs. These characteristics can now be 
used to guide the creation of new habitat 

6. Develop a strategy to translocate at-risk 
populations to suitable sites when the 
need arises. 

Yes (Project 2 & 3) Although Project 2 did not result in a trial 
translocation, it does provide an experimental 
design around which such a translocation could 
be undertaken. 

Malleefowl   

7. Reduce permanent habitat loss No N/A 
8. Reduce predation No N/A 
9. Reduce isolation of fragmented 

populations 
No N/A 

10. Promote Malleefowl-friendly agricultural 
practices 

No N/A 

11. Examine population dynamics: longevity, 
recruitment and parentage 

Yes (Project 1) Current knowledgebase of these parameters 
are provided in the review paper (Project 1). 
However, these have all been identified as 
persistent knowledge gaps on which very little 
progress has been made in the last decade 

12. Describe habitat requirements that 
determine Malleefowl abundance 

Yes (Project 1 & 3) These have been identified as part of a large-
scale distribution modelling exercise. The 
distribution forcing factor that was notably 
absent in these models was fire history, and it is 
strongly advocated that, should such a data set 
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be made available, it be incorporated into 
updates of these models. 

13. Define appropriate genetic units for 
management of Malleefowl 

No N/A 

14. Assess captive breeding and re-
introduction of Malleefowl 

Yes (Project 1) A discussion of captive breeding and the 
reintroduction of Malleefowl is provided in the 
review paper (Project 1). However, these have 
all been identified as persistent knowledge gaps 
on which very little progress has been made in 
the last decade 

15. Investigate infertility and agrochemicals No N/A 
Noise impacts on fauna  

1. Enigmatic 
impact review 

Yes (Project 3) A review paper of the global literature assessing 
enigmatic impacts of human development on 
fauna has been published within the journal 
Global Ecology and Conservation. 

2. Investigate 
impact of noise 
on fauna 
surrounding 
mining 

Yes (Project 3) COVID-19 delayed fieldwork and reduced the 
available field time, however SC has completed 
all fieldwork and data collection for noise 
impact study (3 months of data collection).  
 

Quantifying exposure to deleterious material on 
EPBC fauna 
 

1. Collect feathers, egg shells, scats of EBC 
listed Malleefowl 

Yes (Project 3) SC, BB, MMG completed sample collection in 
November 2020. MMG completed data analysis 
in Nov 2021. BB obtained additional ‘reference’ 
samples of egg shells and feathers from 
malleefowl mounds in South West WA, as a 
comparative study. Feathers and scats were 
found in very low numbers at both sites 
therefore were not included in the data 
interpretation. MMG and BB to prepare 
manuscript.  

2. Analyse feathers, egg shells, sediment 
samples for contaminants 

Yes (Project 3) MMG coordinated the analysis of reference 
sediment samples for metal contents.  
Statistical analysis of metal data in eggshells and 
sediments was completed in November 2021. 

 
6. BUDGET 
The drafted budget below recognises cost-saving opportunities by operating the three projects concurrently. Projects awarded on 
an individual basis have revised estimates. The budget for Project 3 has been revised in alignment with the decision not to proceed 
to submit for an ARC Linkage. 
 

Table 6. Detailed budget for proposed Projects 1-3 

 Budget item 
Curtin Karara  

 Cash  ($) In-kind ($) Cash  ($) In-kind ($) 

Project 1  

Personnel (coordination and 
supervision) CM Young  1,191   

  CI Bateman   1,647     

 CI Cross  734   

  PD Mason (1.0 FTE)     25,000   

  PI Houlihan       10,000 

Project 1 Total 0 3,572 25,000 10,000 
       

Project 2 

Personnel (coordination and 
supervision) CM Young  12,232   

  CI Bateman   16,915     

  CI Cross   10,363     
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  PI Houlihan       30,000 

Travel to site, accommodation and messing     15,000 40,000 

Field equipment (GPS remote sensors)     15,000   

eDNA Analyses (50 samples @ $120 ea)     6,000   

Laboratory equipment   25,000 2,000   

Artificial logs     4,000   

Camera Traps   10,000 8,000   

Fencing       20,000 

Project 2 Total 0 74,509 50,000 90,000 
       

Project 3 

Personnel (coordination and 
supervision) CM Young  12,232   

  CI Gagnon   16,319     

  CI Bateman   16,915     

  PD Cross (0.8 FTE, 12 
months)     100,000   

  PI Oliver       40,000 

Travel to site, accommodation and messing     1,500 60,000 

Field equipment (core sampler, balances, etc.)   15,000 5,000   

Camera Traps/ Bioacoustics   12,500  

Metal analyses of feather samples by ChemCentre, laser ablation 
analysis of egg shell fragments by John de Leather analytical 
laboratory.  

    28,500   

Laboratory equipment     5,000   

Laboratory sundries (resin for mounting egg shell fragments, 
carrier gas, etc.)   10,000 7,500   

Metal analyses of Soil and dust samples   15,000  

        

Project 3 Total  70,465 175,000 100,000 
       
   Curtin Karara  

 
 

 Cash  ($) In-kind ($) Cash  ($) In-kind ($) 

 Grand Total    148,546 250,000 200,000 
 
Curtin will issue a final invoice for the work, $75,000 in January 2022. 
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7. PROJECT SCHEDULE AND MILESTONES 
 

 Proposed timeline 
 Revised timeline 
 Underway 
 Completed 

 
 
Table 7. Project 1 Key research tasks 

 2018 2019 2020 2021 
Key tasks Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 
Stakeholder analysis and 
consultation 

              

Review and Gap analysis               
Final Project Report               

 

Table 8. Project 2 Key research tasks 

 2018 2019 2020 2021  
Key tasks Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2  
PhD student recruitment & 
enrolment 

              Complete 

Identification of sites & 
planning 

              Complete 

Home Range identification 

               No longer 
relevant 

Camera trapping               Complete 
Installation of fencing 
(former)  
LiDAR microhabitat analysis 
(updated 

               
Modified, 
complete 

Monitoring of populations 
(predation 
surveys/experiments) 

              Complete 

eDNA gut analyses of ferals 
(former)  
Gut analysis from skink scats 
(updated) 

              Modified. 
Completed 
Q4 2021 

Publications and reporting 
              Complete 

Q4 2021 
Progress report to Karara               Complete 
Annual reporting to Karara               Complete 

Final Project Report 
              Complete 

Q4 2021 
 
Table 9. Project 3 Key research tasks 

 2020 2021  
Key tasks Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4  
Analysis of existing camera trap data          
Review publication          
Installation of camera traps and 
remote acoustic recorders 

         

Soil and dust analyses of potential 
impact and reference sites 

         

Collection of non-destructive core 
samples from malleefowl mounds to 
collect egg shells, feathers, and scats 

        Modified 
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Analysis of malleefowl feathers, egg 
shells and scats for metal 
accumulation, targeting Cd and As 

        Modified 

Collection and analysis of Malleefowl 
egg shell fragments from the mapped 
nest mounds for Cd and As content  

         

Collection of blood samples from 
surrogate skinks for aldosterone and 
androgens analysis, biomarkers of 
stress levels 

        No longer relevant 

Identification of diets through 
stomach analysis (museum 
specimens) 

        Completed via HB 
PhD 

Quantification of oxidative DNA 
damage on blood samples collected 
from birds and skinks, as related to 
Cd and As levels 

        No longer relevant 

Progress report to Karara         Modified 
Annual reporting to Karara          
Final Project Report         Modified 

 
 

 

 


