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Attention: Director General 
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Yilgarn Iron Pty Ltd (YIPL), a wholly-owned subsidiary of Mineral Resources Ltd (MinRes), operates the 
Windarling Range, Mt Jackson Range, and Deception Deposits under Ministerial Statement 982 (MS 
982). 

In accordance with Condition 3-6 of MS 982, please find attached the 2021 Compliance Assessment 
Report prepared by YIPL. 

As required by Condition 4-1 of MS 982, this report and associated attachments will be publically 
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htto://www.mineralresources.corn.au/sustainability/environment.html 

If you would like any further information on this matter, please contact Sam Tonkin at 
sam.tonkjn@mrl.com or 0419 463 309. 

Yours sincerely, 

Graham Morgan 

General Manager - Yilgarn Operations 
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1. INTRODUCTION

1.1 PROJECT OVERVIEW 
Mining has occurred at Koolyanobbing since the 1960s.  Formally known as Portman Iron Ore, Cliffs Asia 
Pacific Iron Ore Pty Ltd (Cliffs) recommissioned the operations following its closure by BHP Pty Ltd in the 
early 1980s and operated the mine from 1994 until 2018. 
Cliffs ceased mining operations at Koolyanobbing in early 2018 and entered into an Asset Sale Agreement 
with Mineral Resources Limited (MinRes) on 12 June 2018.  The transaction was completed in August 
2018 and included the transfer of legal title in Cliff's mining tenements to MinRes and ownership of all 
remaining iron ore, fixed plant, equipment, and non-process infrastructure in the Yilgarn and at the Port of 
Esperance.  All assets were transferred to the wholly owned MinRes subsidiary Yilgarn Iron Pty Ltd (YIPL). 
YIPL commenced mining at Koolyanobbing in September 2018.  Iron ore is mined from several open pits, 
blended, crushed, and screened to make products that meet export market specifications.  Ore from the 
northern operations of Deception, Mt Jackson, and Windarling is transported via a private haul road to 
Koolyanobbing or Carina Mt Walton Rail Siding where it is selectively blended with other ore, crushed, and 
screened to meet market specifications.  Product is transported via rail to to the Port of Esperance. 

1.2 THE PROPONENT 
Following the Asset Sale Agreement and under sections 38(6) and (7) of the Environmental Protection Act 
1986 (WA) (EP Act), YIPL is the nominated party responsible for the Proposal (Yilgarn Operations – 
Windarling Range, Mt Jackson Range, and Deception Deposit; Assessment No. 2011; Statement No. 
982). 

1.3 APPROVAL HISTORY 
From 2003 to 2012, the Yilgarn Operations were regulated by seven Statement approvals issued by the 
Western Australian Minister for Environment under section 45 (5) under the EP Act.  In September 2012, 
Cliffs was approached by the Office of the Environmental Protection Authority (OEPA) to investigate the 
potential of consolidating the above seven Statements into a single document.  This approach by OEPA 
was prompted by an enquiry from the Minister for Environment as a result of several Statement approvals 
for connected mine operations being issued in late 2012. 
Cliffs were granted environmental approval for the consolidation of previous statements under both section 
45C and section 46 of the EP Act on 24 September 2014 through Ministerial Statement 982 (MS 982).  
Responsibility for this Proposal was transferred to YIPL in the third quarter of 2018. 

1.4 MINISTERIAL STATEMENT 982 
MS 982 outlines conditions regulating the mining of iron ore at YIPL’s northern Yilgarn Operations, which 
include Windarling Range, Mt Jackson Range, and Deception Deposit.  These operations are located 
approximately 70, 100, and 120 kilometres (km) north of Koolyanobbing respectively (see Figure 1 for 
general locations). 

1.5 PROJECT STATUS 
The Windarling, Mt Jackson, and Deception operations continued during the 2021 reporting period.  Altair 
Pit operations began in late December 2020 and Claw Pit operations began in mid-May 2021, both of 
these are located within the Deception operations.  
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FIGURE 1 - YILGARN OPERATIONS PROJECT AREA
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2. COMPLIANCE

2.1 STATEMENT OF COMPLIANCE 

For the 2021 reporting period (1 January 2021 to 31 December 2021), no non-compliances with MS 982 
were identified or reported. A ‘Statement of Compliances’ supporting this statement is provided in 
Appendix A. 

2.2 COMPLIANCE ASSESSMENT 

To fulfill Conditions 4-3 and 4-6 of MS 852, a compliance assessment audit for the 2021 reporting period 
has been completed and is presented in Appendix B. 

2.3 NOTIFICATION OF NON-COMPLIANCES AND POTENTIAL NON-COMPLIANCES 
As required under Condition 6-5(1) of MS 982, YIPL is required to advise the Department within 21 days 
of becoming aware of a decline in the health or abundance of conservation significant flora and or 
vegetation outside areas to be cleared.  

• On 22 February 2022, YIPL became aware of a decline in the annual health of Tetratheca paynterae
and Ricinocarpos brevis, detailed in the “2021 Annual Tetratheca paynterae Monitoring Report,
October 2021” and “Windarling Range 2021 Ricinocarpos brevis Monitoring, July 2021[Report].

• On 18 March 2022, YIPL notified the Department of the potential non-compliances pertaining to
Condition 6-5(2).

As required under Condition 6-5(2) of MS 982, YIPL is required to provide information that allows 
determination of the cause of a decline in the health or abundance of conservation significant flora and or 
vegetation outside areas to be cleared. 

• YIPL engaged Data Analysis Australia Pty Ltd (DAA) to conduct a statistical analysis of the 2021
Tetratheca paynterae and Ricinocarpos brevis monitoring data.  The report, “Statistical analysis of
Ricinocarpos brevis and Tetratheca paynterae, February 2022’ is available in Appendix C.

2.4 CORRECTIVE AND PREVENTATIVE ACTIONS TAKEN 
In response to YIPL’s notification of a decline in the health of significant flora on 18 March 2022, DWER 
formally notified YIPL via letter correspondence (DWERA-000298) of a request for further information.  
DWER’s letter stated that there is “insufficient information to determine the cause in the decline of T. 
paynterae and R. brevis” and requested that YIPL “submit a report which identified the cause of the 
decline” by 30 June 2022.  

2.5 PROPOSED CHANGES TO THE COMPLIANCE ASSESSMENT PLAN  
No changes to the Compliance Assessment Plan are currently proposed. 
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APPENDIX A – STATEMENT OF COMPLIANCE 
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APPENDIX B – AUDIT TABLE 



  AUDIT TABLE 
Statement Compliance Section 
PROJECT: YILGARN OPERATIONS – WINDARLING RANGE, MT JACKSON RANGE AND DECEPTION 
DEPOSIT – SHIRE OF YILGARN AND SHIRE OF MENZIES 
Statement 982 
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Government of Western Australia 
Office of the Environmental Protection Authority 

Note: 
• Phases that apply in this table = Pre-Construction, Construction, Operation, Decommissioning, Overall (several phases). 
• This audit table is a summary and timetable of conditions and commitments applying to this project. Refer to the Minister’s Statement for full detail/precise wording of individual elements. 
• Code prefixes: M = Minister’s condition, P = Proponent’s commitment. 
• Acronyms list: CEO = Chief Executive Officer of OEPA; DER = Department of Environment Regulation; DPAW = Department of Parks and Wildlife; DIA = Department of Indigenous Affairs; DMP = Department of Mining and Petroleum; EPA = Environmental Protection Authority; 

DoH = Department of Health; DoW = Department of Water, Minister for Env = Minister for the Environment; OEPA = Office of the Environmental Protection Authority. 

• Compliance Status: C = Compliant, CLD = Completed, NA = Not Audited, NC = Non – compliant, NR = Not Required at this stage.  Please note the terms VR = Verification Required and IP = In Process are only for OEPA use. 
   
 

Audit Code Subject Requirement How Evidence Phase Timeframe Status Further Information 
982:M1.1 Proposal Implementation When implementing the proposal, the proponent shall not 

exceed the authorised extent of the proposal as defined in 
Column 3 of Table 2 in Schedule 1, unless amendments to 
the proposal and the authorised extent of the proposal 
have been approved under the Environmental Protection 
Act 1986 (EP Act). 

Project implemented to limits described in 
Column 3 of Table 2. 

Compliance Assessment 
Report (CAR) 

Overall Annually 30th 
April 

C On 9 February 2022, aerial/satellite imagery 
was taken of the Yilgarn Operations.  The 
following clearing areas are reported: 
• Windarling Pits – 205.5 ha 
• Mt Jackson Pits – 104.6 ha 
• Deception Pits –  56.4 ha 
• Windarling WRL – 278.4 ha 
• Mt Jackson WRL– 200.8 ha 
• Deception WRL – 157.7 ha 
• Windarling infrastructure – 232.7 ha 
• Mt Jackson infrastructure – 195.9 ha 
• Deception infrastructure – 43.9 ha 
• Haul Road – 594.7 ha  
Land clearing and disturbance footprint 
maps are available in Appendix D. 
The following statements are in regards to 
mining below groundwater level for the 
reporting period: 
• W1 East, W1 West, W2, W3/5, W7, and 

W10 – Active mining below the 
groundwater table at W1 East and 
W10.  Active mining above the 
groundwater table at W1 West and 
W3/5.  Ceased mining in W10 and W7. 
Actively backfilling in W7.  

• W2 – Actively backfilling above the 
groundwater table.  

• W4 West & W4 East – Mining has 
ceased actively backfilling 

• W2 – actively backfilling above the 
groundwater table. 

• J1 East, J2 ,and J3 – Mining ceased. 
• J1 West – Mining ceased.  
• Deception – Mining actively below the 

groundwater table. 
• Altair Pit – Mining has ceased. 

982:M2.1 Contact Details The proponent shall notify the CEO of any change of its 
name, physical address or postal address for the serving of 
notices or other correspondence within 28 days of such 
change. Where the proponent is a corporation or an 

Written notification Correspondence 
notifying the CEO of 
change to name or 
address 

Overall Within 28 days 
of such change. 

C YIPL continues to be the proponent, with no 
change in contact details from the previous 
reporting period.  
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Audit Code Subject Requirement How Evidence Phase Timeframe Status Further Information 
association of persons, whether incorporated or not, the 
postal address is that of the principal place of business or of 
the principal office in the State. 

982:M3.1 Compliance Reporting The proponent shall maintain a Compliance Assessment 
Plan to the satisfaction of the CEO. 

Maintain Compliance Assessment Plan 
(CAP) 

Approved CAP  Overall Ongoing CLD Cliffs submitted the Compliance Assessment 
Plan (CAP) to the OEPA on 22 October 2014. 
OEPA approved the CAP on 2 December 
2014 and determined that the CAP met the 
requirements of Conditions 3-1 and 3-2 of 
Statement 982 (OEPA Ref: 2014-
0000970068). 

982:M3.2 Compliance Reporting The proponent shall submit to the CEO the Compliance 
Assessment Plan required by condition 3-1 at least six 
months prior to the first compliance assessment report 
required by condition 3-6. The Compliance Assessment Plan 
shall indicate:  

(1) the frequency of compliance reporting;  

(2) the approach and timing of compliance assessments;  

(3) the retention of compliance assessments;  

(4) the method of reporting of potential non-compliances 
and corrective actions taken; and  

(5) the table of contents of compliance assessment reports. 

Develop CAP in adherence to condition 
3.2 

Approved CAP Operation 6 months prior 
to first 
Compliance 
Assessment 
Report due, 30th 
October 2014. 

CLD Refer to Condition 982:M3.1. 

982:M3.3 Compliance Reporting The proponent shall assess compliance with conditions in 
accordance with the Compliance Assessment Plan required 
by condition 3-1. 

CAP to be utilized when preparing 
Compliance Assessment Report 

Annual CAR Overall Annually 30th 
April 

C This audit table, appended to the 2021 
Compliance Assessment Report, has been 
prepared to fulfil the 1 January 2021 to 31 
December 2022 reporting period. 

982:M3.4 Compliance Reporting The proponent shall retain reports of all compliance 
assessments described in the compliance assessment plan 
required by condition 3-1 and shall make those reports 
available when requested by the CEO. 

Retain compliance assessments and 
provided to CEO upon request. 

CAR will be retained on 
MinRes computer 
network and submitted 
to the OEPA in 
accordance with the CAP 
and be made available 
upon request. 

Overall When 
requested by 
the CEO 

C All CARs will be retained electronically on 
YIPL’s document control systems and made 
available upon request by the CEO. 

982:M3.5 Compliance Reporting The proponent shall advise the CEO of any potential non-
compliance within seven days of that non-compliance being 
known. 

Written notification Correspondence 
notifying the CEO 

Overall Within seven 
days of the 
potential non-
compliance 
being known 

C A potential non-compliance was identified 
on 22 February 2022.  DWER were formally 
notified on 18 March 2022 as per Condition 
982:M6.5(1)  

982:M3.6 Compliance Reporting The proponent shall submit to the CEO an annual 
Compliance Assessment Report by 30 April of each year, or 
as otherwise agreed by the CEO, addressing the period of 
the preceding calendar year The compliance assessment 
report shall:  

(1) be endorsed by the proponent’s Managing Director / 
General Manager / Chief Executive Officer or a person 
delegated to sign on the Managing Director’s / General 
Manager’s / Chief Executive Officer’s behalf;  

Annual CAR will be endorsed, address 
compliance to statement 982, if necessary 
list corrective and preventive actions of 
non-compliance and changes to CAP 

Annual CAR Overall Annually 30th 
April 

C The “2021 Compliance Assessment Report” 
(This document).  
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Office of the Environmental Protection Authority 

Audit Code Subject Requirement How Evidence Phase Timeframe Status Further Information 
(2) address the proponent’s compliance with each condition 
of this Statement;  

(3) describe corrective and preventative actions taken in 
the event of a non-compliance; and  

(4) indicate any proposed changes to the Compliance 
Assessment Plan required by condition 3-1.  

982:M4.1 Public Availability of 
Plans and Reports 

Subject to condition 4-2, within a reasonable time period 
approved by the CEO of the issue of this Statement and for 
the remainder of the life of the proposal, the proponent 
shall make publicly available, in a manner approved by the 
CEO, all environmental plans and reports required under 
this Statement. 

Annual CAR to be made publically 
available via YIPL’s website. 

http://www.mineralreso
urces.com.au 

Overall Ongoing C All YIPL’s CARs and environmental 
management plans required under this 
statement will be made available to the 
public through prompt publication on the 
MinRes website. 
 

982:M4.2 Public Availability of 
Plans and Reports 

If any parts of the plans or reports referred to in condition 
4-1 contains particulars of:  

(1) a secret formula or process; or  

(2) confidential commercially sensitive information; the 
proponent may submit a request for approval from the CEO 
to not make those parts of the plans or reports publically 
available. In making such a request the proponent shall 
provide the CEO with an explanation and reasons why 
those parts of the plans or reports should not be made 
publically available. 

Written notification requesting 
reports/plans not be made publicly 
available 

Correspondence to the 
CEO  

Overall Ongoing C No plans or reports contain confidential 
commercially sensitive information. 

982:M5.1 Environmental 
Management Plans 

The proponent shall implement the proposal in accordance 
with the following approved Environmental Management 
Plans until condition 6-1 and condition 9-1 have been 
complied with, or unless otherwise agreed by the CEO:  

(1) Koolyanobbing Expansion Project – Northern Tenements 
Transport Corridor (Haul Road) Environmental 
Management Plan (2010).  

(2) Koolyanobbing Iron Ore Project – Biodiversity Research 
and Management Plan (2009).  

(3) Koolyanobbing Iron Ore Project – Malleefowl 
Conservation Plan (2009).  

(4) Yilgarn Operations Land Clearing Management Plan 
(2011).  

(5) Yilgarn Operations Dust Management Plan (2011).  

(6) Yilgarn Operations Fire Management Plan (2011).  

(7) Yilgarn Operations Weed Management Plan (2011).  

(8) Mt Jackson J1 Proposed Flora and Vegetation 
Monitoring Program (2012). 

Continue to implement current 
management plans until conditions 6-1 
and 9-1 are completed. 

Annual CAR Operation Until 24th 
September 
2015 

C The Yilgarn Operations Flora and Vegetation 
Management Plan June 2016 (Revision G) 
was approved by the OEPA on 22 September 
2016 (OEPA Ref: 16-030655). 
Revision 1 of the Yilgarn Operations Flora 
and Vegetation Management Plan was sent 
to DWER on 27 July 2020, requesting 
amendments to the reporting criteria. 
The Yilgarn Operations Weed Management 
Plan, 2011 has been updated into MinRes 
format, internally approved.  
Minor updates were made to convert the 
Plan to YIPL/ MinRes format and provide up-
to-date project information. No material 
changes were made to the approved Plan. 

982:M6.1 Flora and Vegetation 
Management Plan 

The proponent shall ensure that the implementation of the 
proposal is carried out in a manner that minimises the 
direct and indirect impacts to conservation significant flora 

Implement the Flora and Vegetation 
Management Plan 

Annual CAR Operation Ongoing from 
24th September 
2015 

C Conducting the following monitoring events, 
as detailed in reports, demonstrates that the 
Flora and Vegetation Management Plan is 
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Audit Code Subject Requirement How Evidence Phase Timeframe Status Further Information 
and vegetation through implementation of the Flora and 
Vegetation Management Plan required by conditions 6-2 
and 6-3. 

being implemented and asses if the 
implementation of the proposal is impacting 
significant flora: 
• Annual monitoring of Tetratheca 
paynterae (Appendix E) 
• Annual monitoring of Ricinocarpos brevis 
(Appendix F) 
• Windarling flora monitoring (Appendix G) 
• Jackson J1 flora monitoring (Appendix H) 
• Transport corridor vegetation monitoring 
(Appendix I) 

982:M6.2 Flora and Vegetation 
Management Plan 

Within 12 months of the date of this Statement, or as 
otherwise agreed by the CEO, the proponent shall submit to 
the CEO a Flora and Vegetation Management Plan for the 
Yilgarn Operations, to the requirements of the CEO, in 
consultation with Parks and Wildlife. 

Develop a  Flora and Vegetation 
Management Plan in consultation with 
Parks and Wildlife and submit to the CEO 

Annual CAR Operation By 24th 
September 
2015 

CLD The Flora and Vegetation Management Plan 
(April 2015) (2015-0001128157) was 
submitted to DPaW and the OEPA on 29 
March 2015 and was approved on 22 
September 2016 (AC05-2015-0038, 2016-
147459349907). 

982:M6.3 Flora and Vegetation 
Management Plan 

The Flora and Vegetation Management Plan shall include: 

(1) the management actions, targets and criteria to be 
applied to avoid and/or minimise the environmental 
impacts to conservation significant flora and vegetation 
from processes including, but not limited to, land clearing, 
changes in surface water flows, introduced flora (weeds), 
dust, fire, saline water and introduced fauna which may 
result from implementation of the proposal; and  

(2) monitoring to measure the performance of the 
management actions against the targets and criteria 
identified in the Flora and Vegetation Management Plan. 

Develop Flora and Vegetation 
Management Plan in adherence to 
condition 6.3 

Annual CAR  Overall Ongoing from 
24th September 
2015 

C The Flora and Vegetation Management Plan 
(April 2015) (2015-0001128157) was 
submitted to DPaW and the OEPA on 29 
March 2015 and was approved on 22 
September 2016 (AC05-2015-0038, 2016-
147459349907). 

982:M6.4 Flora and Vegetation 
Management Plan 

The proponent shall implement the approved Flora and 
Vegetation Management Plan required by condition 6-2, 
and continue implementation until otherwise agreed by the 
CEO, on advice of Parks and Wildlife. 

Implement the Flora and Vegetation 
Management Plan 

Annual CAR Overall Ongoing C The “Yilgarn Operations Flora and 
Vegetation Management Plan (Revision G)” 
was submitted to DPaW and OEPA on 29 
April 2015.  
OEPA approval of the Plan was granted on 22 
September 2016 (OEPA Ref: 16-030655). 
Minor updates were made to convert the 
Plan to YIPL/MinRes format and provide up-
to-date project information.  
This document has been approved by DWER 
on 04/02/2020. 
Revision 1 of the Plan was sent to DWER on 
27 July 2020, requesting amendments to the 
reporting criteria. 

982:M6.5 Flora and Vegetation 
Management Plan 

In the event that monitoring required by condition 6-3 
indicates a decline in the health or abundance of 
conservation significant flora and/or vegetation outside 
areas to be cleared the proponent shall:  

(1) report such findings to the CEO within 21 days of the 
decline being identified;  

Written correspondence to the CEO 
 
Consultation with Parks and Wildlife 

Report submitted to CEO 
 

Overall Within 21 days 
of decline  being 
identified 

C On 22 February 2022, a decline in the health 
of significant flora was identified and 
reported in the Annual Tetratheca paynterae 
Monitoring Report and Ricinocarpos brevis 
Annual monitoring Report (Appendix E & F). 
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Audit Code Subject Requirement How Evidence Phase Timeframe Status Further Information 
(2) provide information which allows determination of the 
cause of the decline;  

(3) submit actions to be undertaken to remediate the 
decline to the CEO within 21 days of the determination 
being made by the CEO if the decline is determined by the 
CEO to be a result of activities undertaken in implementing 
the proposal; and  

(4) implement the actions to remediate the decline of 
conservation significant flora and vegetation upon approval 
of the CEO, on advice of Parks and Wildlife, and shall 
continue until such time as the CEO, on advice of Parks and 
Wildlife, determines that the remedial actions may cease. 

Formal notification of this potential non-
compliance on 18 March 2022, within the 
21-day notice period.  

982:M6.6 Flora and Vegetation 
Management Plan 

Revisions to the Flora and Vegetation Management Plan 
may be approved by the CEO on the advice of Parks and 
Wildlife. 

If necessary provide revision of 
management plan to CEO for approval 

Approved Flora and 
Vegetation Management 
Plan 

Overall Ongoing C The “Yilgarn Operations Flora and 
Vegetation Management Plan (Revision G)” 
was approved by the OEPA on 22 September 
2016 (OEPA Ref: 16-030655). 
YIPL continues to implement the approved 
Flora and Vegetation Management Plan. In 
2019, minor updates were made to the Plan 
to meet Condition 4.1 (public availability of 
plans and reports) and provide up-to-date 
project information. This included making 
changes to the document format (converted 
to MinRes format so the document could be 
uploaded to the MinRes website); the 
Proponent; relevant legislation and 
government department names (where 
applicable); YIPL’s current operating areas 
(relevant to MS982); titles of persons 
responsible for management actions; 
scientific names and conservation status of 
conservation significant species listed in 
Attachment 1 (where applicable); and YIPL 
internal document numbers.    
This document has been approved by DWER 
on 04/02/2020. 
Revision 1 of the Plan was sent to DWER on 
27 July 2020, requesting amendments to the 
reporting criteria. 
YIPL continues to implement revision 0 of the 
Plan.   
YIPL will continue to engage with DWER to 
implement a revised Yilgarn Operations Flora 
and Vegetation Management Plan that 
reflects recommendations provided by Dr. 
Eddie van Ettan, Phoenix Environmental, and 
DWER in regards to trigger criteria for the 
conservation of significant flora.   
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982:M6.7 Flora and Vegetation 

Management Plan 
The proponent shall implement approved revisions of the 
Flora and Vegetation Management Plan required by 
condition 6-6. 

Implement approved Flora and Vegetation 
Management Plan 

Annual CAR Overall Ongoing  The Yilgarn Operations Flora and Vegetation 
Management Plan (Revision G) was 
approved by the OEPA on 22 September 
2016 (OEPA Ref: 16-030655). Minor changes 
to the document were submitted by YIPL and 
approved by DWER on 4 February 2020.   

982:M7.1 Restricted Areas and 
Management of 
Tetratheca paynterae ssp. 
paynterae at the 
Windarling Range 

For the purposes of protecting the Rare Flora species 
Tetratheca paynterae ssp. paynterae, no ground disturbing 
activity shall occur in the area designated ‘Area A’, as 
identified in Figure 2 of Schedule 1. 

There will be no ground disturbance of 
‘Area A’ of Figure 2  

Annual CAR Overall Ongoing C No ground-disturbing activity was 
undertaken in ‘Area A’ during the reporting 
period. The area is signposted with restricted 
access (Appendix J). 

982:M7.2  Restricted Areas and 
Management of 
Tetratheca paynterae ssp. 
paynterae at the 
Windarling Range 

For the purposes of protecting the Rare Flora species 
Tetratheca paynterae ssp. paynterae the proponent shall 
ensure that no ground disturbing activity shall occur in the 
area designated ‘Area B’ identified on Figure 2 of Schedule 
1, unless the requirements of conditions 7-3, 7-4 and 7-5 
have been complied with. 

There will be no ground disturbance of 
‘Area B’ of Figure 2 unless requirements of 
conditions 7-3, 7-4 and 7-5 have been 
complied with 

Approved Tetratheca 
paynterae ssp. 
paynterae Research and 
Management Plan 

Operation Prior to ground 
disturbing 
activities 

C Refer to Condition 982:M7.1. 

982:M7.3 Restricted Areas and 
Management of 
Tetratheca paynterae ssp. 
paynterae at the 
Windarling Range 

Where the proponent seeks to undertake ground disturbing 
activity within ‘Area B’, the proponent shall prepare a 
Tetratheca paynterae ssp. paynterae Research and 
Management Plan and a Tetratheca paynterae ssp. 
paynterae Recovery Plan to the requirements of the 
Minister for Environment on the advice of Parks and 
Wildlife. 

Develop Tetratheca paynterae ssp. 
paynterae Research and Management 
Plan and a Tetratheca paynterae ssp. 
paynterae Recovery Plan to the 
requirements of the Minister for 
Environment on the advice of Parks and 
Wildlife 

Approved Tetratheca 
paynterae ssp. 
paynterae Research and 
Management Plan 

Operation Prior to ground 
disturbing 
activities 

NR The ‘Tetratheca paynterae Research and 
Management Plan’ was prepared in draft 
form and submitted to the DER in 2006 and 
approved as an Interim Recovery Plan on 16 
June 2006.  However, there is no obligation 
to finalise and implement the plan provided 
that mining access to ‘Area B’ is not sought.  
YIPL does not propose to finalise the 
Tetratheca paynterae Research and 
Management Plan for implementation 
unless it is required for access to ‘Area B’. 

982:M7.4 Restricted Areas and 
Management of 
Tetratheca paynterae ssp. 
paynterae at the 
Windarling Range 

The Tetratheca paynterae ssp. paynterae Research and 
Management Plan required by condition 7-3 shall include:  

(1) monitoring of the numbers of Tetratheca paynterae ssp. 
paynterae individuals, their health, viability of the 
population, and reproductive success within ‘Area A’ and 
‘Area B’;  

(2) research into the ecology and potential translocation of 
Tetratheca paynterae ssp. paynterae with a focus on the 
specific natural habitat requirements of the species;  

(3) research into the pollination vector(s) of Tetratheca 
paynterae ssp. Paynterae to identify the vector(s) and the 
specific ecological requirements;  

(4) management measures to protect the health, viability, 
and reproductive success of the Tetratheca paynterae ssp. 
paynterae population; and  

(5) measures to support the secure conservation tenure for 
the remaining population of Tetratheca paynterae ssp. 
paynterae. 

Develop Tetratheca paynterae ssp. 
paynterae Research and Management 
Plan in adherence to condition 7.4 

Approved Tetratheca 
paynterae ssp. 
paynterae Research and 
Management Plan 

Operation Prior to ground 
disturbing 
activities 

NR YIPL did not seek to undertake ground 
disturbing activity within ‘Area B’ during the 
reporting period. 
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982:M7.5 Restricted Areas and 

Management of 
Tetratheca paynterae ssp. 
paynterae at the 
Windarling Range 

The proponent shall implement the approved Tetratheca 
paynterae ssp. paynterae Research and Management Plan 
and Tetratheca paynterae ssp. paynterae Recovery Plan 
required by condition 7-3, until advised by the Minister for 
Environment that implementation may cease. 

Implement Tetratheca paynterae ssp. 
paynterae Research and Management 
Plan 

Approved Tetratheca 
paynterae ssp. 
paynterae Research and 
Management Plan 

Operation Prior to ground 
disturbing 
activities 

NR YIPL did not seek to undertake ground-
disturbing activity within ‘Area B’ during the 
reporting period. 

982:M7.6 Restricted Areas and 
Management of 
Tetratheca paynterae ssp. 
paynterae at the 
Windarling Range 

Ground disturbing activity within the area designated ‘Area 
B’ may only occur when the Minister for Environment, on 
the advice of Parks and Wildlife, is satisfied and provides 
written advice stating that it has been demonstrated that 
ground disturbing activity in whole or part of the area 
designated ‘Area B’, will not result in a reduction in the 
viability of the population of Tetratheca paynterae ssp. 
paynterae, and may proceed. 

Ground disturbance not to occur in ‘Area 
B’ until approval from the Minister for the 
Environment 

Approval from the 
Minister for the 
Environment 

Operation Prior to ground 
disturbing 
activities 

NR YIPL did not seek to undertake ground-
disturbing activity within ‘Area B’. 

982:M7.7 Restricted Areas and 
Management of 
Tetratheca paynterae ssp. 
paynterae at the 
Windarling Range 

The proponent shall report the results and outcomes of the 
Tetratheca paynterae ssp. paynterae Research and 
Management Plan and Tetratheca paynterae ssp. paynterae 
Recovery Plan annually to Parks and Wildlife. 

Annual Tetratheca paynterae Research 
Progress Report 

Annual Tetratheca 
paynterae Research 
Progress Report 
submitted to Park and 
Wildlife 

Operation Annually once 
ground 
disturbance 
occurs  

NR Refer to Condition 982:M7.6. 

982:M8.1 Mitigation of impacts to 
Calytrix viscida for the 
Deception Deposit 

Prior to impacting the Priority Flora species Calytrix viscida 
at the Deception Deposit, the proponent shall collect seeds 
and plant material of the Calytrix viscida that will be 
impacted. The seeds and plant material will be stored in a 
facility that is capable of maintaining their viability for use 
during rehabilitation works at the Deception Deposit. 

Seed to be collected and stored 
periodically  

Annual CAR Overall Ongoing C Calytrix viscida seed has been collected and 
is stored in accordance with FAO/IPGRI 2014 
‘Genebank Standards’ (Food and Agriculture 
Organisation of the United Nations / 
International Plant Genetic Resources 
Institute: Rome (2014)). 
The seed was collected from the plant (once 
the seed had matured) and was dried in a 
desiccator in a temperature-controlled air-
conditioned room. This maintains drying 
conditions at 20°C and 10-15% relative 
humidity. Seeds have been sealed in an 
airtight container and are stored in a chest 
freezer at minus 20°C, which will ensure their 
ongoing viability for use during rehabilitation 
works at the Deception Deposit.    
Plant material “cuttings” were collected 
from approximately thirty individual plants 
of Calytrix viscida before ground disturbance 
activity occurred in late July 2017.  The 
“cuttings” were immediately transported to 
a plant nursery, “Natural Areas” based in 
Whiteman, Western Australia which 
specialises in plant propagation.  
  The nursery is accredited under the Nursery 
Industry Accreditation Scheme Australia 
(NIASA), which stipulates high standards of 
nursery hygiene. The nursery is subjected to 
annual auditing and has maintained 
accreditation since 2008. The nursery is also 
affiliated and active in the International 
Plant Propagation Society (IPPS) Society and 
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the Australian Network for Plant 
Conservation Inc. (ANPC). 
During the 2017 reporting period, one 
individual was alive. Given the relatively 
limited success of the cuttings, Cliffs 
proposed to not collect any further plant 
material from the Calytrix viscida 
population. 

982:M8.2 Mitigation of impacts to 
Calytrix viscida for the 
Deception Deposit 

Where the Calytrix viscida is impacted by mining at the 
Deception Deposit, the proponent shall undertake a 
targeted regional flora survey to the satisfaction of the CEO 
to improve knowledge of the presence and abundance of 
Calytrix viscida outside of the approved disturbance area 
for the Deception Deposit. The survey shall be conducted in 
accordance with Environmental Protection Authority 
Guidance Statement 51 Terrestrial Flora and Vegetation 
Surveys for Environmental Impact Assessment in Western 
Australia (June 2004) or its revisions. 

Conduct regional flora survey  in 
adherence to condition 8.2 

Regional Flora Survey Overall If Calytrix 
viscida is 
impacted by 
mining 

NR The Calytrix viscida population at Deception 
was avoided during mine planning and 
development of the Deception pit and 
associated infrastructure.  As a result, there 
has been no impact on this population from 
mining.  YIPL utilises a stringent site 
disturbance permitting process which 
involves, an initial application (with 
supporting documentation), review of the 
application, onsite inspection, operator 
training, and post-disturbance verification of 
disturbed areas.  The map accompanying the 
site disturbance application and the post-
disturbance survey verification for the 
Deception Pit and ROM are included in this 
report.  
It can be seen from these that the Calytrix 
viscida population at Deception was not 
directly impacted by these activities and no 
further disturbance has occurred in the area 
since that time (Appendix K). 
Individual plant monitoring of a subset of 
Calytrix viscida individuals was undertaken in 
July 2017 (prior to commencement of 
mining) and has been repeated annually 
since. 

982:M8.3 Mitigation of impacts to 
Calytrix viscida for the 
Deception Deposit 

Unless otherwise agreed with the CEO, the proponent shall 
report to the CEO on the findings of the targeted regional 
flora survey required under condition 8-2 within 24 months 
of impact to Calytrix viscida. 

Regional Flora Survey Survey submitted to CEO Overall Within 24 
months of 
impact 

NR The Calytrix viscida at the Deception Deposit 
has not been impacted by mining, therefore 
a regional flora survey has not been 
conducted and is not required yet.  

982:M9.1 Fauna Management Plan The proponent shall ensure that the implementation of the 
proposal is carried out in a manner that minimises the 
direct and indirect impacts to conservation significant fauna 
through implementation of the Fauna Management Plan 
required by conditions 9-2 and 9-3. 

Implement Fauna Management Plan Annual CAR Overall Ongoing C The Yilgarn Operations Fauna Management 
Plan June 2016 (Revision G) was approved by 
the OEPA on 22 September 2016 (OEPA Ref: 
16-030656).  
For the reporting period, annual Malleefowl 
monitoring has been conducted in 
accordance with the Plan with the results 
provided in the “Annual Malleefowl 
Monitoring Report (2021) for the Yilgarn 
Operations Mount Jackson, March 2022” 
(Appendix L). 
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982:M9.2 Fauna Management Plan Within 12 months of the date of this Statement, or as 

otherwise agreed by the CEO, the proponent shall submit to 
the CEO a Fauna Management Plan for the Yilgarn 
Operations to the requirements of the CEO, in consultation 
with Parks and Wildlife. 

Develop a Fauna Management Plan in 
consultation with Parks and Wildlife and 
submit to the CEO 

Annual CAR Operation By 24th 
September 
2015 

CLD Following consultation with DPaW, the 
Yilgarn Operations Fauna Management Plan 
June 2016 (Revision G) was submitted to 
OEPA in June 2016. 
OEPA approval of the Plan was granted on 22 
September 2016 (OEPA Ref: 16-030656). 

982:M9.3 Fauna Management Plan The Fauna Management Plan shall include:  

(1) the management actions, targets and/or criteria to be 
applied to avoid and/or minimise the environmental impacts 
to conservation significant fauna, including Malleefowl 
(Leipoa ocellata), from processes including, but not limited 
to, land clearing, changes in surface water flows, introduced 
flora (weeds), dust, fire, saline water and introduced fauna 
resulting from implementation of the proposal; and  

(2) monitoring to measure and report the performance of 
management actions against the targets and/or criteria 
identified in condition 9-3(1). 

Develop Fauna Management Plan in 
adherence to condition 9.3 

Annual CAR Overall Ongoing from 
24th September 
2015 

C The Yilgarn Operations Fauna Management 
Plan includes management actions and 
controls that have been implemented by 
YIPL to avoid and/or minimise the 
environmental impacts on significant fauna. 
Management controls and completion and 
submission of the Annual Fauna Monitoring 
report and the Fauna Management Plan 
demonstrates the implementation of the 
Fauna Management Plan required by 
conditions 9-2 and 9-3. 

982:M9.4 Fauna Management Plan The proponent shall implement the Fauna Management Plan 
required by condition 9-2, and continue implementation 
unless otherwise agreed by the CEO, on the advice of Parks 
and Wildlife. 

Implement the Fauna Management Plan Annual CAR Overall Ongoing C The “Yilgarn Operations Fauna Management 
Plan, June 2016 (Revision G)” was approved 
by OEPA on 22 September 2016 (OEPA Ref: 
16-030656).  
Minor changes to the Plan were made and 
approved by DWER on 4 February 2020. 

982:M9.5 Fauna Management Plan In the event that monitoring undertaken in accordance with 
condition 9-3 indicates a decline in the health or abundance 
of conservation significant fauna, including Malleefowl 
(Leipoa ocellata), populations within the proposal area:  

(1) report such findings to the CEO within 21 days of the 
decline being identified;  

(2) provide information which allows determination of the 
cause of the decline;  

(3) submit actions to be undertaken to remediate the decline 
to the CEO within 21 days of the determination being made 
by the CEO if the decline is determined by the CEO to be a 
result of activities undertaken in implementing the proposal; 
and  

(4) implement the actions to remediate the decline of 
conservation significant fauna upon approval of the CEO, on 
advice of Parks and Wildlife, and shall continue until such 
time as the CEO, on advice of Parks and Wildlife, determines 
that the remedial actions may cease. 

Written correspondence to the CEO 
 

Report submitted to CEO Overall Within 21 days 
of decline being 
identified 

C As stated in the “Annual Malleefowl 
Monitoring Report (2021) for the Yilgarn 
Operations Mount Jackson, March 2022”, 
“Malleefowl breeding activity increased 
significantly between 2020 and 2021. No 
trigger criteria were met or exceeded, and 
the performance indicators were met” 
(Appendix L). 

982:M9.6 Fauna Management Plan Revisions to the Fauna Management Plan may be approved 
by the CEO on the advice of Parks and Wildlife. 

If necessary provide revision of 
management plan to CEO for approval 

Approved Fauna 
Management Plan 

Overall Ongoing C No revisions to the “Fauna Management 
Plan” were made during the reporting 
period. 
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982:M9.7 Fauna Management Plan The proponent shall implement approved revisions of the 

Fauna Management Plan required by condition 9-6. 
Implement approved Fauna Management 
Plan 

Annual CAR Overall Ongoing C No revisions to the “Fauna Management 
Plan” were made during the reporting 
period. 

982:M10.1 Residual Impacts and Risk 
Management Measures 
(Environmental Offsets) 

To offset the impact of mining at the Windarling Range W1 
deposit on the landscape and geological features of the 
range and local area and related conservation values, 
within 12 months following the purchase of the former 
Ennuin Pastoral Lease by Parks and Wildlife, the proponent 
shall make a financial contribution of $50,000 AUD per year 
over a 5-year period (total $250,000 AUD) to Parks and 
Wildlife, to assist with the management of the former 
Ennuin Pastoral Lease. 

  Overall Within 12 
months of 
purchase 

CLD Cliffs’ financial contribution to DPaW of 
$50,000AUD annually for five years 
commenced in 2013 with the final payment 
being made in this reporting period in March 
2017.   
This completed the payment of a total of 
$250,000AUD to Parks and Wildlife, to assist 
with the management of the former Ennuin 
Pastoral Lease 

982:M10.2 Residual Impacts and Risk 
Management Measures 
(Environmental Offsets) 

To offset the impact of mining at the Windarling Range W4 
East deposit on the Rare Flora species Ricinocarpos brevis, 
the proponent shall provide a minimum financial 
contribution of $640,000 AUD over a five year period for 
the purpose of undertaking works that seek to contribute to 
the scientific understanding of the long term recovery and 
protection of sustainable populations of Ricinocarpos brevis 
at the Windarling Range. The works will commence within 
12 months following impact to Ricinocarpos brevis at the 
Windarling Range W4 East Deposit. The works will be 
implemented in consultation with Parks and Wildlife and to 
the satisfaction of the CEO. 

Develop and implement research 
management plan in adherence to 
condition 10.2 

Kings Park and Botanic 
Garden Restoration and 
Research Plan, Cliffs Asia 
Pacific Iron Ore Pty Ltd, 
Yilgarn Operations – 
Windarling Range   

Overall Within 12 
months 
following 
impact to 
Ricinocarpos 
brevis  

CLD The Kings Park and Botanic Garden, 
Restoration Research Plan, Cliffs Asia Pacific 
Iron Ore Pty Ltd, Yilgarn Operations – 
Windarling Range was developed in 2012 
and approved by OEPA in mid-2013.  The 
Plan has been continuously implemented 
since this time with formal reporting 
annually.   
The five-year research period for BGPA 
concluded in 2017 with the final report 
issued in 2018. 
Botanic Garden and Parks Authority (BGPA) 
were paid $580,428.45 to complete the 
Restoration and Research Plan. An 
agreement was reached in 2016 for several 
elements of the Restoration Research Plan to 
be subsumed into an Australian Research 
Council (ARC) Project through the Industrial 
Transformation Training Centre for Mining 
Restoration (ARC Project ID: ICI150100041). 
Cliffs subsequently provided $110, 000AUD 
indirect contributions to the ARC Project 
from 2016 to 2017. 
The total of these commitments exceeds the 
minimum financial contribution of $640, 000 
AUD required by this condition and 
concludes YIPL’s obligations for this 
Environmental Offset. 

982:M10.3 Residual Impacts and Risk 
Management Measures 
(Environmental Offsets) 

To offset the impact of mining at the Windarling Range W4 
East deposit on the Rare Flora species Ricinocarpos brevis, 
the proponent will provide a minimum financial 
contribution of $40,000 AUD for the translocation of a 
proportion of individuals of Ricinocarpos brevis that will be 
removed by mining of the Windarling Range W4 East 
Deposit. The number of individuals to be translocated will 
be subject to practicability considerations such as plant size 
and site accessibility. A translocation plan shall be 
developed and implemented by the proponent in 

Develop and implement translocation plan 
in adherence to condition 10.3 

Yilgarn Operations 
Windarling Range 
Proposal for 
Translocation of 
Ricinocarpos brevis. 
Windarling Range 
Proposal for 
Translocation of 
Ricinocarpos brevis DEC 
Agreement. 

Overall Ongoing CLD In December 2012 Cliffs submitted a 
proposal for translocation of Ricinocarpos 
brevis to OEPA which was approved for 
implementation in January 2013.  
Plan activities commenced in 2013 with 
more than 50 mature Ricinocarpos brevis 
plants removed from the W4 mining area. 
These were placed in planter bags and 
reticulated in preparation for translocation.  
In April 2015, 15 of the surviving plants were 
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consultation with Parks and Wildlife, and to the satisfaction 
of the CEO. 

translocated to the W2 waste dump.  
Monitoring in July 2017 recorded a survival 
rate of 67% (10/15 individuals), with some 
individuals also flowering and fruiting. No 
further monitoring was proposed for this 
work however the results are valuable for 
informing ongoing rehabilitation and 
restoration works. 
Cliffs estimated that through direct financial 
spending to its earthmoving contractor, 
purchase of consumables, and in-kind 
support including environmental personnel 
time (particularly for supervision of 
contractors and plant watering) a financial 
contribution over the minimum of $40, 000 
AUD was made to this translation program.   

982:M11.1 Mine Closure and 
Rehabilitation 

The proponent shall ensure that the mining operations are 
closed, decommissioned and rehabilitated in an 
ecologically sustainable manner, consistent with agreed 
post-mining outcomes and land uses, without unacceptable 
liability to the State of Western Australia through 
implementation of a Mine Closure Plan required by 
condition 11-2. 

Closure, decommissioning and 
rehabilitation to be undertaken in 
accordance with Mine Closure Plan  

Annual CAR Decommissi
oning 

Ongoing C YIPL has been addressing the knowledge 
gaps identified in the Mine Closure Plan 
(MCP) Request For Information (RFI) 
(received January 2021). Studies undertaken 
include: 
- WRL Health checks 
- Dendra remote survey using machine 

learning to identify erosional features, 
flora and fauna identification and slope 
monitoring, 

- Pit Lake Modelling 
- Contamination Preliminary Site 

Investigations 
- Waste rock and topsoil characterisation 
- Rehabilitation work packs for J1 and J2.  
 
The annual rehabilitation monitoring results, 
which include comparisons to reference sites 
and previously collected data is available in 
Appendix M. 
 
See Appendix N for the landform 
rehabilitation monitoring status summary. 

982:M11.2 Mine Closure and 
Rehabilitation 

Within 12 months of the date of this Statement, or as 
otherwise agreed by the CEO, the proponent shall submit a 
Mine Closure Plan for the Yilgarn Operations to the 
requirements of the CEO, in consultation with Parks and 
Wildlife and the DMP. The Mine Closure Plan shall:  

(1) be prepared in accordance with the Guidelines for 
Preparing Mine Closure Plans, June 2011 (Department of 
Mines and Petroleum and Environmental Protection 
Authority) or its revisions;  

Develop Mine Closure Plan in adherence 
to condition 11.2 

DWER approval letter 
(DWERA-000111), dated 
22 June 2021. 
 
 

Overall By 24th 
September 
2015 

C Cliffs originally submitted the "Yilgarn 
Operations Mine Closure Plan (Revision 0)" 
in April 2015 to Department of Mines, 
Industry Regulation and Safety (DMIRS) in 
April 2015. Since the initial submission, Cliffs 
undertook considerable consultation with 
regulatory agencies and other stakeholders.   
  
Formal regulatory approval of the Yilgarn 
Operations Mine Closure Plan had not been 
received before Cliffs ceased mining 
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(2) detail the methods to be used for progressive 
rehabilitation of disturbed areas with vegetation composed 
of native species of local provenance such that the 
percentage cover of living vegetation is comparable to 
natural vegetation surrounding the proposal;  

(3) detail the methods, including monitoring and recording 
programs for feral animal populations and the health and 
condition of conservation significant flora and vegetation, 
and conservation significant fauna species, including 
Malleefowl (Leipoa ocellata), which will be used to ensure 
that surface water within pit lakes does not result in an 
increase in introduced fauna to a level that may have a 
measurable impact on conservation significant flora and 
vegetation or conservation significant fauna species;  

(4) detail the methods to ensure the effectiveness of 
backfilling in preventing the presence of permanent surface 
water in those pits approved for backfilling, following the 
completion of backfilling, unless otherwise approved by the 
CEO, in consultation with Parks and Wildlife; and  

(5) examine opportunities for backfilling the Windarling 
W3/5 pit voids above the watertable, to ensure that 
impacts on important conservation values and any long 
term liabilities for future management are minimised. 

operations at Koolyanobbing.  Following the 
takeover of Koolyanobbing operations, YIPL 
subsequently submitted a revised copy of 
the Plan to DMIRS and DWER – EPA Services 
in late 2018 (at the request of DMIRS). 
Revision 3 was submitted on 15 March 2021 
and subsequently approved on 22 June 2021 
with acknowledgement that further 
improvements are still required in a Stage 2 
revision.  
 
An interim Revision 4 MCP was submitted to 
DMIRS in December 2021 to capture aspects 
associated with the proposed Koolyanobbing 
cut back.  This document is still under 
assessment. 
  
YIPL received approved for an extension to 
the submission of the Stage 2 Greater Yilgarn 
Operation (Revision 5) MCP to the 12 
December 2022. . Consultation with DBCA, 
DWER and DMIRS will be undertaken prior to 
the submission of the Revision 5 MCP.  

982:M11.3 Mine Closure and 
Rehabilitation 

The proponent shall implement the approved Mine 
Closure Plan required by condition 11-2 and continue 
implementation until otherwise agreed by the CEO, on 
the advice of Parks and Wildlife and the DMP. 

Implement the approved Mine Closure 
Plan 

Rehabilitation and 
Closure Implementation 
status report. 

Overall Ongoing C Rehabilitation and Closure Implementation 
status report (Appendix N). 

982:M11.4 Mine Closure and 
Rehabilitation 

Revisions to the Mine Closure Plan may be approved 
by the CEO on the advice of Parks and Wildlife and the 
DMP. 

If necessary provide revision of closure 
plan to CEO for approval 

Approved Mine Closure 
Plan "Yilgarn Operations 
Mine Closure Plan 
(Revision 3)”  

Overall  Ongoing C  Refer to Condition 982:M11.2. 

982:M11.5 Mine Closure and 
Rehabilitation 

The proponent shall implement approved revisions of the 
Mine Closure Plan required by condition 11-4. 

Implement approved Mine Closure Plan Rehabilitation and 
Closure Implementation 
status report. 

Overall Ongoing C Refer to Condition 982:M11.3. 
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Statistical Analysis of Ricinocarpos brevis and 
Tetratheca paynterae 

Key findings: 

From analysing the dataset about the Ricinocarpos brevis population around the 

Windarling Ridge, we believe that there is a statistically significant decline in the 

total population for this plants species (this is visualised in Figure 1).   

To determine if these deaths were associated with mining activity, we analysed the 

yearly survival rate (the number of deaths in a given year divided by the number of 

alive plants in the previous year) for the plant species.  The results from this analysis 

concluded that there was no significant association between the decline and the 

mining activity. 

Further analysis was performed on additional datasets to determine if the condition 

of Ricinocarpos brevis plants was declining and if this was associated with mining.  

To achieve this, the presence of buds, fruits and flowers on the plants was modelled.  

Only bud presence was trending significantly downwards with time and there was 

no significant evidence suggesting that mining was having an impact on either 

flowers or bud presence.  Fruit presence is trending upwards for all plants, but 

increasing faster for plants far from the pit.  However, in 2021 fruit presence values 

were similar across all distances. 

Similar to the overall population of the Ricinocarpos brevis plants, it was shown that 

there is a statistically significant decline in the total population of Tetratheca 

paynterae plants (see Figure 7). 

However, unlike the Ricinocarpos brevis plants, we discovered that yearly survival 

rate was significantly worse for Tetratheca paynterae plants located close to the 

mining pits compared to those far away.  This is visualised within Figure 8.  

Further, the amount of dust present nearby to the plants did not appear to have an 

impact on the yearly survival rate of these plants. 

The following is a statistical analysis of the Ricinocarpos brevis and Tetratheca paynterae 

plants and whether the reported decline in population on the Windarling Ridge is 

linked to mining activity.  More specifically, Data Analysis Australia (DAA) was asked 

to investigate for both Tetratheca paynterae and Ricinocarpos brevis if “annual monitoring 

indicates a consistent decline in population numbers over a longer time scale (2+ 

years)” and additionally for Ricinocarpos brevis if “annual monitoring indicates a spatial 

pattern of decreasing plant condition and/or higher mortality that may be related to 

proximity to mining operations.” 

DAA was provided with annual monitoring data for both plants that aimed to keep 

track of the population numbers of each plant, along with mortality rates.  

Additionally, DAA was provided with monthly monitoring data of 40 Ricinocarpos 

brevis individuals. 
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A variety of generalised linear models (glms) are used throughout this report to 

investigate the various relationships.  These include both Poisson regression for count 

data and logistic regression for counts with two distinct outcomes.  Each model will 

be explained as required. 

1.1 Ricinocarpos brevis Population 

The annual dataset for Ricinocarpos brevis contains information on the number of alive 

plants each year from 2010, along with the number of plants that die from one year to 

the next.  Using this information, we modelled both the total plant population, as well 

as the yearly survival rate of the plants.  The data itself is collected from ten transects 

(labelled T1 to T10), of which some have subtransects labelled as “a” and “b.”   

1.1.1 Yearly population 

We initially fit a Poisson glm to model the population of Ricinocarpos brevis sampled in 

the area from one year to the next.  This model was chosen as the data is count data, 

that is, each observation is a whole number of plants.  The model was firstly fit with the 

variables: 

• Intercept – a constant term; 

• YearsSince2010 – the number of years that have passed since 2010; and 

• AnnualRainfall – the total amount of rain from July in the previous year to June 

in the measurement year. 

The results from this initial model are contained within Table 1. 

Table 1.  Results from initial glm for Ricinocarpos brevis population. 

Variable Estimate Std. Error z value p-value 

(Intercept) 7.331    

YearsSince2010 -0.010 0.002 -4.776 0.000 

AnnualRainfall 0.000 0.000 0.376 0.707 

We see that the variable for rainfall is insignificant (as its p-value is less than 0.05) so 

we refitted the model without the term.  The results from this are available in Table 2. 

Table 2.  Results from final glm for Ricinocarpos brevis population. 

Variable Estimate Std. Error z value p-value 

(Intercept) 7.342    

YearsSince2010 -0.011 0.002 -4.817 0.000 

As the estimate of the coefficient for the trend term “YearsSince2010” is negative and 

the p-value less than 0.05, it implies that there is a significant decline in the population 

of Ricinocarpos brevis.  As this is a Poisson glm, the interpretation of the estimate is that 

for each additional year since 2010 there is an associated multiplicative factor of  

𝑒−0.011 = 0.989 for the total alive plant population (or alternatively, a 1% decrease each 

year).  The model is visualised in Figure 1. 
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Figure 1.  Plot of the final glm for the Ricinocarpos brevis population. 

We recognise that this model overstates the statistical significance of the decline as it 

does not account for the autocorrelation within the residuals (errors) of the model, 

that is, the departure from the fitted line is not independent from year to year.  Given 

the small size of the dataset, it would not be appropriate to fit a more advanced model 

to account for this.  To confirm this result is significant, we also performed a more 

simplistic statistical test using the first and last years of data – this will minimise the 

impact of any autocorrelation.  This was also statistically significant (albeit to a less 

extent than in Table 2).  Overall, we are confident that this decline is statistically 

significant.  

1.1.2 Yearly mortality with breakdown by transects 

As we have already established that there is a significant decrease in the total 

population, the logical next step is to investigate if the presence of mining itself was 

having a statistically significant impact on the plants.  An appropriate method for this 

is to observe the yearly survival rate for plants located near and far from the mine site.  

The yearly survival rate is defined as what proportion of the plants are still alive from 

one year to the next.   

We cannot use the same model as before as the numbers of plants in each transect is 

different.  To model this, we used a different kind of glm known as logistic regression.  

This model is used when events can be classified into one of two groups, in this case: 

“still alive” or “now dead” for a given year.   

To model the effect of mining on the plants, the data provided contains information 

on the proximity of each transect with the various mining pits.  The proximity of each 

transect to the pits is contained in Table 3.   
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Table 3.  Transect distances from the mining pits W1, W2, W3 and W10. 

Transects Location 

1, 2a, 2b, 3, 4a and 4b < 500m of W3 

5, 6a, 6b, 7a and 7b > 500m from mining activities 

8, 9 and 10 < 500m of W1, W2 & W10 

To capture the distance information of the transects, we include it as an explanatory 

variable.  All the fixed variables are as follows: 

• Intercept – a constant term; 

• YearsSince2010 – the number of years that have passed since 2010;  

• Location – a categorical variable with levels as described in Table 3 with 

“> 500m from mining activities” as a reference level; and 

• YearsSince2010: Location – an interaction term between these two terms. 

As we have information about which transect the observations come from (and as 

there are multiple transects per location), we can add extra structure the model by 

using a mixed generalised linear model.  This allows the model to have some variation 

within the trend and intercept for each transect.  The results from fitting the model are 

contained in Table 4. 

Table 4.  Results from mixed glm for Ricinocarpos brevis yearly survival rate. 

Variable Estimate Std. Error z value p-value 

(Intercept) 4.534 0.370 12.251 0.000 

YearsSince2010 -0.128 0.034 -3.748 0.000 

Location<500m of W3 0.879 0.509 1.726 0.084 

Location<500m of W1, W2 & W10 0.222 0.500 0.443 0.658 

YearsSince2010:Location<500m of W3 -0.040 0.050 -0.805 0.421 

YearsSince2010:Location<500m of W1, W2 & W10 0.063 0.048 1.321 0.187 

As the estimate for YearsSince2010 is negative with a p-value that is less than 0.05, 

there is a significant relationship between the decline in yearly survival rate with time.  

As this proportion is lowering, there are more plants dying each year than new ones 

are sprouting.  However, there appears to be no significant difference between the 

plants that are located far from the pits and those that are close.  In fact, the plants that 

are further to the pit have worse fitted values than those close.  This can be seen within 

Figure 2. 
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Figure 2.  Plot of Ricinocarpos brevis yearly survival rate over time split by location. 

1.1.3 Ricinocarpos brevis population final comments 

Overall, from this dataset it is apparent that there is a significant decline in the total 

population of Ricinocarpos brevis plants.  When investigating other factors, such as 

rainfall or how close the plants are close to mining activity, there is no significant 

relationship.  

1.2 Ricinocarpos brevis Monthly Monitoring 

The other dataset that DAA received for Ricinocarpos brevis contained monthly 

information about 40 plants from January 2011 to June 2021.  This included: 

• Which “Site” the plant belonged to; 

• The date monitored; 

• If buds were present on the plant or not; 

• If fruits were present on the plant or not; and 

• If flowers were present on the plant or not. 

There were a total of five sites, and each was located at a different distance from the 

pit.  Information on their location with regards to the pit is included in Table 5. 

Table 5.  Site locations relative to the pit. 

Site Location 

1 Within 20m of the pit 

2 Within 20m to 100m of the pit 

3 Within 100m to 200m of the pit 

4 Within 200m to 300m of the pit 

5 Within 300m to 400m of the pit 

The presence of buds, fruits and flowers can be viewed as a measure of reproductivity 

for the plants, and thus also their condition.  If one of the three different features are 

present, it is said that the plant has “reproductivity index” of 1 compared to 0 if none 

of the three features are present.   
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As we are observing plants, it is expected that there is some form of seasonality 

involved in the presence of these features.  To test this, we initially plotted the total 

number of each feature, aggregated across all the plants in each site, and all years, to a 

monthly level.  This is present in Figure 3. 

 

Figure 3.  Plot of the frequency of buds, flowers and fruits being present, aggregated across 

all plants within each site, to each month of the year (for 2011 to 2020). 

Immediately it is apparent that there is some seasonality involved within each 

measurement.  The number of buds and flowers peaked in early autumn and reached 

a low typically in early spring whilst fruit presence peaked in late winter/early spring 

and reached a low in late summer.  Consequently, the cyclical nature of this will need 

to be captured within the model. 

As there are three different measures, we created a different model for each measure.  

The model used for each feature was another logistic regression glm, observing how 

many of the eight plants in each plot had the relevant feature present.   
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The following variables were used in each model: 

• Intercept – a constant term; 

• Days – a trend term counting the number of days since 1st January 2011; 

• SinDays – a seasonal/cyclical term with a period of a year; 

• CosDays – a second seasonal/cyclical term with a period of a year; 

• DistLevel – a numeric variable that converted the distance levels (Location 

from Table 5) to 0 for the closest site to the mine and 4 for the furthest (that is, 

DistLevel is equivalent to the Site number subtract one); and 

• Days:DistLevel – an interaction term between Days and DistLevel. 

We used “distance level” as a numeric variable (and not categorical) to add structure 

to the model by forcing the constant and trend terms to increase (or decrease) in order 

from the site closest to furthest from the pit.  This is in comparison to the “Location” 

term from the survival rate model which didn’t have this clear ordering as some plants 

were close to one set of pits, some with a different pit, and some were close to neither 

– a similar ordering is not naturally ingrained within that data.  

1.2.1 Bud Results 

The results from the fitted model for bud presence are contained within Table 6 and 

visualised within Figure 4.  From the table we see that the trend term “Days” is 

statistically significant (with a p-value < 0.05) and is negative, implying that the 

presence rate of buds is decreasing over time.  However, when looking at the variable 

interaction term “Days:DistLevel,” we see that there is not a significant difference in 

the trend between the different sites.  Consequently, we conclude that there is no 

evidence that the mining is having a significant impact on the bud presence. 

Table 6.  Results from glm fitted for Ricinocarpos brevis bud presence. 

Variable Estimate Std. Error z value p-value 

(Intercept) -3.84 x 10-1    

Days -2.05 x 10-4 0.000 -4.082 0.000 

CosDays -4.61 x 10-1 0.045 -10.188 0.000 

SinDays 1.538 0.050 30.489 0.000 

DistLevel 3.75 x 10-2 0.046 0.824 0.410 

Days:DistLevel 1.47 x 10-5 0.000 0.726 0.468 

 

Figure 4.  Plot of fitted values for Ricinocarpos brevis bud presence with observations. 
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1.2.2 Flower Results 

The results from the fitted model for flower presence are contained within Table 7 and 

plotted in Figure 5.  The only two statistically significant terms are the two seasonal 

terms SinDays and CosDays.  Consequently, there is no difference between the rates 

of flower presence for the sites closer to the pit and those far away and there is no 

trend over time indicating a decline or increase in flower presence. 

Table 7.  Results from glm fitted for Ricinocarpos brevis flower presence. 

Variable Estimate Std. Error z value Pr(>|z|) 

(Intercept) -1.25    

Days -9.81 x 10-6 0.000 -0.191 0.848 

CosDays -4.36 x 10-1 0.050 -8.734 0.000 

SinDays 1.04 0.052 19.897 0.000 

DistLevel -1.62 x 10-2 0.048 -0.340 0.734 

Days:DistLevel -8.34 x 10-6 0.000 -0.396 0.692 

 

Figure 5.  Plot of fitted values for Ricinocarpos brevis flower presence with observations. 

1.2.3 Fruit Results 

The results for the final model for Ricinocarpos brevis are in Table 8 and are visualised 

in Figure 6.  In this model, all the terms are statistically significant.  The estimate for 

DistLevel is negative which implies that initially plants further from the mining pits 

had less fruit than those close to the pit.  Conversely, the trend term Days is positive, 

indicating that the presence of fruit is increasing with time.  As the interaction term is 

significant it implies that the fruit presence trend is increasing greater for plants 

further from the mine than those closer but overall, is increasing for all plants – the 

fitted values from the model are approximately the same for all distances in 2021. 

Table 8.  Results from glm fitted for Ricinocarpos brevis fruit presence. 

Variable Estimate Std. Error z value Pr(>|z|) 

(Intercept) -3.76 x 10-1    

Days 1.06 x 10-4 0.000 2.291 0.022 

CosDays -3.75 x 10-1 0.043 -8.749 0.000 

SinDays -1.25 0.046 -27.394 0.000 

DistLevel -1.46 x 10-1 0.044 -3.298 0.001 

Days:DistLevel 4.21 x 10-5 0.000 2.209 0.027 
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Figure 6.  Plot of fitted values for Ricinocarpos brevis fruit presence with observations. 

1.2.4 Ricinocarpos brevis monthly monitoring final comments 

Overall, there is no statistical evidence that the reproductivity/condition of Ricinocarpos 

brevis plants are being impacted the mining in the pits.  The only significant 

downwards trend term was for the overall presence of buds, but this did not appear 

to be associated with the mining activity.  The main source of significance was for the 

two seasonal terms indicating that the presence of these three features is highly 

dependent on the time of the year. 

2.1 Tetratheca paynterae Population 

For Tetratheca paynterae we performed a similar analysis to the overall Ricinocarpos 

brevis population (Section 1.1).  The data itself was similar with observations from 2011 

onwards. 

2.1.1 Yearly population 

We firstly wanted to establish if the number of plants is currently trending downwards 

and to achieve this, we fitted a Poisson glm.  The model we fitted had very similar 

variables to before with: 

• Intercept – a constant term; 

• YearsSince2011 – the number of years that have passed since 2011; and 

• AnnualRainfall – the total amount of rain from October in the previous year to 

September in the measurement year. 

The results from this initial model are contained within Table 9. 

Table 9.  Results from initial glm for Tetratheca paynterae population. 

Variable Estimate Std. Error z value p-value 

(Intercept) 6.832    

YearsSince2011 -0.021 0.003 -6.296 0.000 

AnnualRainfall 0.000 0.000 0.051 0.959 

Similar to the results for the Ricinocarpos brevis population, the rainfall term was not 

significant and consequently we removed this term from the model and reran it.  The 

results from this model are contained within Table 10. 
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Table 10.  Results from final glm for Tetratheca paynterae population. 

Variable Estimate Std. Error z value p-value 

(Intercept) 6.835    

YearsSince2011 -0.021 0.003 -6.385 0.000 

Overall, it is apparent that there is a significant negative relationship between the 

“YearsSince2011” trend term and overall plant population, meaning that a statistically 

significant decrease in the population has been observed.  The estimate of -0.021 

corresponds to a decrease in the population of approximately 2% per additional year 

after 2011.  This is visualised within Figure 7. 

 

Figure 7.  Plot of the final glm for the Tetratheca paynterae population. 

Similar to the initial model for the Ricinocarpos brevis population, autocorrelation 

within the residuals is present and difficult to capture within a model for a small 

dataset.  Consequently, we performed another statistical test to detect if there was a 

decline from using only the first and last data points, and this was statistically 

significant.  Hence, we are confident that there is a statistically significant decline in 

the overall population. 

2.1.2 Yearly mortality with breakdown by blocks 

The final model we fitted was looking at the effect of mining on the Tetratheca paynterae 

plants in the area.  To measure this, we analysed the yearly survival rate of the plants.  

We used a logistic regression glm as each plant has one of two outcomes: “still alive” 

or “now dead.” 

Similar to the other datasets, the plants are grouped by where there were located (in 

this case, by “blocks”).  Each block is located a different distance away from the mine 

site and similar to some of the models, we introduced a “DistLevel” variable to the 

model as there is a clear ordering to how close the blocks are to the pit (see Table 11).  
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We do not require a mixed model as each “block” belongs to exactly one “location” 

and each “location” is comprised of only one “block.” 

Table 11.  Block locations in increasing distances to the pit, along with the associated value 

for “DistLevel”. 

Block DistLevel 

90 0 

45 1 

85 2 

40 3 

29 4 

23 5 

4 6 

The variables in the logistic regression are then: 

• Intercept – a constant term; 

• YearsSince2011 – the number of years that have passed since 2011;  

• DistLevel – a numeric with levels as described in Table 11; and 

• YearsSince2011:DistLevel – an interaction term between the two terms. 

The results from the fitted model are contained within Table 12. 

Table 12.  Results from glm for Tetratheca paynterae yearly survival rate. 

Variable Estimate Std. Error z value p-value 

(Intercept) 5.2402    

YearsSince2011 -0.3224 0.0474 -6.8082 0.000 

DistLevel -0.493 0.076 -6.4866 0.000 

YearsSince2011:DistLevel 0.0737 0.0113 6.4943 0.000 

All three terms from the model are statistically significant (as they all have p-values 

that are less than 0.05).  As the estimate for “YearsSince2011” is negative, this indicates 

that over time there is an overarching trend that the yearly survival rate of the plants 

is decreasing (that is, more plants are dying each year than new plants are growing).  

This is consistent with overall trend in plant population.   

However, when we investigate the interaction term, we see that the trend is different 

depending on the distance from the site.  More specifically, the yearly survival rate of 

plants become worse with increasing proximity to the pit.  This is most easily seen in 

Figure 8 with the fitted lines for the blocks far from the pit increasing over time while 

the lines are decreasing for blocks close to the pit.  The value of each trend estimate 

(that is, the combination of “YearsSince2011” and the interaction term) is given in 

Table 13. 
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Figure 8.  Plot of Tetratheca paynterae yearly survival rate over time split by block. 

Table 13.  Overall trend estimates for each block. 

Block Overall Trend Estimate 

90 -0.322 

45 -0.249 

85 -0.175 

40 -0.101 

29 -0.028 

23 0.046 

4 0.120 

2.1.3 Tetratheca paynterae dust analysis 

To determine if there are variables other than the proximity to the pit that are 

impacting the plants, further analysis was undertaken to see if the amount dust in the 

area surrounding the pit and was also impacting the yearly survival rate.  Bottles at 

various distances from the pit exist and are inspected monthly – the amount of dust 

accumulated each month is recorded.  The bottle that was located closest to each block 

was selected as the best representative of the amount of dust present in the block.  

Table 14 contains the Bottle ID used to represent each block.  The amount of dust 

considered was the average amount in each bottle from October in the previous year 

to September in the measurement year to align with plant mortality measurements. 

Table 14.  Blocks and corresponding Bottle IDs for dust measurements.  

Block Bottle ID 

90 A 

45 G 

85 G 

40 H 

29 I 

23 I 

4 J 
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Several models, including adding the dust term as its own variable, fitting a model 

without distance as a variable, and some nonlinear models were explored to see if the 

amount of dust had an impact on the yearly survival rate.  The results did not 

conclude in any meaningful relationship. 

This result is largely due to the nature of the data.  It might be expected that if the 

amount of dust was having a significant impact on the yearly survival rate, most of the 

data would lie approximately on the diagonal line from the top left corner of the plot 

in Figure 9 to the bottom right but this is not the case.  We note that there is a single 

point that had a high amount of dust and a low yearly survival rate, but it is not a part 

of the general pattern made by the rest of the data – there were other points with high 

dust values but survival rates close to one and other points with low survival rates but 

with large amounts of dust.  It would not be appropriate to suggest that this single 

point provides significant evidence that the two variables are negatively correlated.  

 

Figure 9.  The average amount of dust per year compared with yearly survival rate.  

2.1.4 Tetratheca paynterae population final comments 

Overall, there has been a significant decrease in the Tetratheca paynterae population 

since 2011 with the total population decreasing by around 2% each year.  However, 

the yearly survival rate of plants is different depending on if the plants are located 

close or far from the mine.  That is, the the yearly survival rate of plants becomes 

worse with increasing proximity to the pit. 
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1.0 INTRODUCTION 

Tetratheca paynterae subsp. paynterae (T. paynterae) is a small leafless shrub that grows to around 0.5m tall. It 
grows in rock crevices, on ridges and cliffs and has only been recorded on the ironstone ridge at the Windarling 
Range. T. paynterae is listed as Threatened flora under the Biodiversity Conservation Act 2016. The current recorded 
distribution of T. paynterae at the Windarling Range is identified in Figure 2.1. 

Mineral Resources Ltd (MRL) operations include iron ore mines at the Koolyanobbing Range, Mt Jackson Range and 
the Windarling Range, ore processing at Koolyanobbing and road and rail transport between these operations and 
the Port of Esperance from where processed ore is exported.  

The T. paynterae Interim Recovery Plan (IRP) (DPaW 2006) identifies management actions to ensure the ongoing 
viability of the species. Consistent with the IRP, MRL continue a condition monitoring program at defined monitoring 
blocks along the Windarling Range, in order to assess the stability and condition of the population. This report 
documents the results of the 2021 monitoring, conducted by Ecotec (WA) Pty Ltd (Ecotec) and includes comparison 
to the 2011 (initial monitoring) and 2020 (previous year) monitoring results. 

2.0 METHODOLOGY 

2.1 Historical Monitoring 

Monitoring of Tetratheca paynterae at the Windarling Range began in 2003 and involved a fixed sub-sample of the 
population monitored annually for condition. A count of the total numbers of plants (a “census”) was also 
undertaken every five years. The results of this monitoring for the period 2003 to 2010 are outlined in the Western 
Botanical report Tetratheca paynterae subsp. paynterae Annual Condition Assessment at Windarling Range during 
2003 – 2010 (Western Botanical 2013). 

On review, it was found that this original monitoring program contained several deficiencies in its design in that it 
did not provide data on year-to-year trends on population numbers and did not outline death or recruitment rates. 

2.2 Monitoring Design 

In 2011, past monitoring data was reviewed by Data Analysis Australia (DAA) who subsequently recommended a 
design best suited to capturing changes in population dynamics (DAA 2011a). Monitoring since 2011 has been 
undertaken at seven “blocks” randomly selected by DAA and shown in Figure 2.1. 

All accessible T. paynterae individuals occurring within each block (including seedlings) were tagged with a unique 
identification number. The identification number was glued onto the rock as close as possible to the T. paynterae 
individual. The following information was recorded for each individual: 

• Block number 

• Unique plant identification number 

• Width (cm) (recorded for new individuals only) 

• Presence of flowers/fruits/buds  

• Plant status (Reproductive, Vegetative, Juvenile (1-3 years old) or Seedling (<1 year old)) 

In addition, a number of individuals within each block were randomly selected for a condition assessment 
(percentage of total plant alive). The random selection of individuals followed the methodology outlined by DAA 
(2011b). 

2.3 2021 Monitoring  

The 2021 monitoring was conducted on the 7th – 9th October by Ecotec. 
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All blocks and T. paynterae individuals recorded during previous years monitoring were revisited and re-assessed for 
status and presence of flowers, fruits and/or buds. The location of any new individuals encountered within the 
blocks were recorded, assessed and tagged using the same method described in Section 2.2. The individuals selected 
for condition assessment in 2011-2020 were also reassessed for condition in 2021. A number of condition 
assessment individuals have died since the original selection. These individuals have been excluded from the 
condition assessment list. To maintain statistical robustness when required, dead condition assessment individuals 
will be replaced through the random section procedure outlined by DAA (2011a). 

2.3.1 Statistical Analysis 

Consistent with DAA’s recommendation for condition assessment of plants (2011a), McNemar’s Test Statistic was 
applied to test the significance of change in condition (DAA 2011c), as presented in Table 2.1. 

Table 2.1: McNemars Test Statistic parameters. 

Year B 

Year A 

Number of plants decreased in 
condition 

Number of plants with same 
condition 

Number of plants increased 
in condition 

a b c 
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Figure 2.1: Location of Tetratheca paynterae showing annual monitoring blocks at Windarling.
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3.0 RESULTS 

The 2021 monitoring recorded 1,196 T. paynterae individuals of which 12 were seedlings, two were juveniles, 435 
were dead (36% of population), 608 were reproductive (51% of population) and 136 were vegetative (11% of 
population).  

Table 3.1 presents the overall results of the 2021 monitoring and includes the results of the 2011 and 2020 
monitoring for comparison.  

Table 3.1: Summary of results of the 2011, 2020 and 2021 annual T. paynterae monitoring. 

Plant Status/Category 2011 2020 2021 

Dead 189 411 435 

Seedling* 26 1 12 

Juvenile* 10 9 2 

Vegetative 95 349 136 

Reproductive 797 412 608 

Not located/not accessible - 2 3 

Total Alive 928 771 758 

Total Population 1117 1184 1196 

Percentage of total population alive 83 65 63 

*Note: Seedlings recorded one year have been considered juveniles the following year, unless reproductive 
or dead. 

The main changes observed between the 2020 and 2021 monitoring includes: 

• an increase in the number of dead recorded by 24 individuals 

• an increase in the number of seedlings 

• an increase in the number of reproductive adults 

• The total live population has decreased by 13 individuals since 2020 and decreased by 170 since 2011 (Figure 
3.2). 

Figure 3.1 shows the percentage of the monitored T. paynterae population in each life stage (dead, reproductive, 
vegetative, juvenile or seedling) for the 2011, 2020 and 2021 monitoring.  
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Figure 3.1: Percentage of T.paynterae in each life stage during 2011, 2020 and 2021 monitoring events. 
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Figure 3.2: Number of live T. paynterae individuals recorded from 2011- 2021. 

3.1 Condition Assessment Individuals 

One hundred and thirty (130) individuals were assessed for condition (percentage of plant alive) in 2021. Condition 
assessment scores ranged from 0% (dead) - 90% in 2021 and 2020. Three condition assessment individuals were 
recorded as dead in 2021.  

Figure 3.3 displays the distribution of condition assessment across five categories for 2011, 2020 and 2021. In 2021 
there were fewer individuals in the 1-20% category compared to 2020. A larger proportion of individuals had 
condition assessments higher than 40% compared to 2020. 

 
Figure 3.3: Percentage of individuals in each condition assessment category for initial, previous year and 
current year monitoring. 
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Figure 3.4 displays the average condition assessment of T. paynterae in each monitoring block and the entire 
population for the 2011, 2020 and 2021 monitoring.  

Average condition increased in all blocks in 2021 compared to last year but was less than recorded in 2011. The 
average across all blocks for 2020 was approximately 40%, compared with 30% in 2020 and 47% in 2011. Average 
condition ranged from 34.1% in Block 29 to 42.7% in Block 23. 

 
Figure 3.4: Average condition assessment in each monitoring block and entire population for 2011, 2020 and 2021. 

Figure 3.5 represents the change in condition assessment results between 2020 and 2021 for each block. The 
greatest change has occurred in Block 90 where average condition has increased by 16.7% since 2020. 

 
Figure 3.5: Change in average condition from 2020 – 2021 for each monitoring block. 
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3.1.1 Statistical Analysis (McNemar’s Test)  

The McNemar’s statistical test was applied to the change in condition of the 130 individuals monitored in 2020 and 
2021, and 2011 and 2021. The results indicate that there is a statistically significant change in condition at the 5% 
level between each of the monitoring events analysed. 

Table 3.2 represents the parameters and results of the McNemar’s test for 2020 and 2021. The higher number of 
plants that displayed increased condition compared to those with decreased or the same condition resulted in a 
positive statistically significant change (increase) in condition at the 5% significance level (p-value=0.0004). 

Table 3.2: McNemar’s test statistic applied to condition assessment change between 2020 and 2021. 

Year B (2021) 

Year A (2020) 

Number of plants 
decreased in condition 

Number of plants with 
same condition  

Number of plants increased 
in condition 

20 33 78 

The McNemar’s Test was also applied to the results of condition assessment from 2011 and 2021 as outlined in Table 
3.3. The results found a statistically significant change (decrease) in condition at the 5% significance level (p-
value=0.000007). 

Table 3.3: McNemar’s test statistic applied to condition assessment change between 2011 and 2021. 

Year B (2021) 

Year A (2011) 

Number of plants 
decreased in condition 

Number of plants with 
same condition  

Number of plants increased 
in condition 

71 13 47 

3.2 Reproductive Status 

In 2021, 82% of the live adult T. paynterae population was reproductive, compared to 54% in 2020 and 89% in 2011.  

Figure 3.6 displays the percentage of the reproductive population with buds, flowers and / or fruits during 2011, 
2020 and 2021. In 2021, 77% of the alive adult population displayed flowers and approximately half displayed buds. 
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Figure 3.6: Percentage of reproductive plants with flowers, fruit and/or buds in 2011, 2020 and 2021. 

3.3 Mortality and Seedling Recruitment 

Twelve seedlings were recorded in 2021 across all blocks except Block 85 and Block 90. Block 45 recorded the 
highest seedling count with four seedlings, the remaining blocks recorded three or less seedlings. There were also 
two juveniles newly recorded in 2021, one each in Block 4 and Block 29. 

There were 33 individuals recorded as newly dead between the 2020 and 2021 monitoring periods, compared to 46 
last year. Plant deaths were recorded in all monitoring blocks. Block 40 had the highest number of new deaths, 
recording 13 dead. Ten individuals counted as dead during the 2020 monitoring were recorded as alive during the 
2021 monitoring.  

The mortality rate of the population (number of deaths per previous live population) for all monitoring years is 
displayed in Figure 3.7. A decrease in the mortality rate has occurred since last year, from 5.69% to 4.28%.  

 
Figure 3.7: Mortality rate of the T. paynterae population 2012 – 2021. 
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The mortality rate of each block is displayed in Figure 3.8. Block 40 recorded the highest mortality rate (8.7%) out of 
all blocks in 2021.  

 
Figure 3.8: Mortality rate of each block for 2020 and 2021.  

 

Figure 3.9 displays the number of live individuals in each block since monitoring commenced.  

 
Figure 3.9: Number of live individuals in each block 2011-2021. 
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3.4 Dust Monitoring and Mining Activity 

Mining activities occurred in the W3 pit from early 2004 to 2016 and 2017 to 2018. MRL recommenced mining in W3 
in September 2019 until December 2019 and again from March to September 2021.  

Figure 3.10 displays the total dust levels (including natural background) from dust deposition gauges (DDG) along W3 
ridge for the period October 2020 to September 2021.  From April 2021, dust deposition results recorded at a DDG 
10m from W3 pit were elevated compared to the previous months, increasing from 4.4 g/m2/month in March to 
18/m2/month in April. Monthly results indicate that dust levels remained elevated at this location from May until 
September.  
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Figure 3.10: Results from dust deposition gauges at various distances from the W3 pit October 2020 to September 2021 .
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3.5 Rainfall 

The annual rainfall (October – September) recorded at Windarling prior to each annual monitoring event is 
presented in Figure 3.11 (BoM 2021), including the 2005-2021 average annual rainfall. A total of 347.2mm of rainfall 
was recorded at Windarling in the 12 months prior to the 2021 monitoring, higher than the 2005-2021 average of 
273.1mm and significantly higher than the 2020 annual rainfall of 154.5mm. 

 
Figure 3.11: Annual rainfall received at Windarling prior to each monitoring event 2011 – 2021. 

Figure 3.12 displays the total monthly rainfall received at Windarling prior to the 2011, 2020 and 2021 monitoring 
events (October – September) and the 2005-2020 monthly average (BoM 2021). Four out of twelve months received 
higher than average rainfall in 2021. 

 
Figure 3.12: Total monthly rainfall prior to each annual monitoring event for 2011, 2020 and 2021. 
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4.0 DISCUSSION AND CONCLUSION 

The results of the 2021 annual monitoring indicate that there has been some improvement in the health of the 
Tetratheca paynterae population in the 2020-2021 year. This coincides with over double the annual rainfall received 
in the period prior to the 2021 monitoring, compared to 2020. The overall average condition assessment 
(percentage of foliage alive) has increased, and average condition has improved in all plots. The proportion of 
reproductive individuals also improved on last year. The mortality rate of the monitored population has decreased 
compared to 2020 however deaths continue to exceed recruitment as such the size of the live population continues 
to decline. 

Of the total monitored population 63% is alive, the lowest since 2011. Sixty five percent (65%) of the population was 
alive in 2020 and 83% was alive in 2011 when annual monitoring commenced. The total live population consisting of 
seedlings, juveniles, reproductive and vegetative individuals, has decreased by 13 individuals (1.7%) since 2020 and 
170 individuals (18%) since 2011. 

Thirty three individuals were recorded as dead in 2021, compared to 46 last year. Ten individuals recorded as dead in 
2020 were alive in 2021. Plant deaths occurred in all monitoring blocks, with Block 40 (200m from W3 pit) recording 
the highest number of new deaths at 13 dead. The mortality rate has decreased compared to last year, from 5.7% to 
4.3%.  

Twelve seedlings and two juveniles were newly recorded and monitored this year. The juveniles may have been 
missed the previous year or were too small to be identified as Tetratheca paynterae. The newly recorded seedlings 
and juveniles were located in all blocks except Block 85 (100m from W3 pit) and Block 90 (<50m from W3 pit). Block 
45 (150m from W3 pit) had the most seedlings of all blocks with four seedlings recorded. Only one seedling was 
recorded last year and 12 were recorded in 2019. Since 2014 there has been a regular fluctuation of the number of 
seedlings recorded year to year, alternating from 1 -3 seedlings one year to 11 -13 seedlings the following year.  

A large proportion of the live adult population was reproductive in 2021. Approximately 82% were reproductive, 
compared to 54% in 2020. This is the highest proportion of reproductive individuals recorded since 2016. Flowers 
were the most abundant reproductive structure observed with 77% of the adult population flowering at the time of 
monitoring.  

The average condition of the entire population was 39.5% this year, an increase of 9.2% on the average condition 
recorded in 2020. This average condition score is the highest recorded since 2013 (41.2%) but not as high as that 
recorded in 2011 (47.1%). The results of McNemar’s statistical test to determine change in the condition of the 
population found a significant increase in condition between 2020 - 2021, and a significant decrease between 2011 - 
2021. Average condition increased in all blocks with the largest increase of 16.7% occurring in Block 90 (<50m from 
W3 pit) while Block 45 (150m from W3 pit) recorded the smallest increase of 0.8% compared to last year. The two 
blocks furthest from W3 pit, Block 4 (850m) and Block 23 (500m) recorded two of the highest average condition 
scores, as well as Block 85, located 100m from the pit.  

During the period between annual monitoring events (October 2020 – September 2021) mining activities occurred in 
the W3 pit from March – September 2021. Results from dust monitoring on the W3 ridge indicate that dust levels 
were elevated (9 - 18 g/m2/month) at one location 10m from the pit, compared to the previous months and other 
locations further from the pit, which correlates with the mining activity occurring in W3.  

The T. paynterae monitoring blocks closest to W3 pit are Block 90, located less than 50m from the pit and Block 85, 
located 100m from the pit. In 2021, there was no pattern of decline in health or population size in relation to 
proximity to the pit. Block 90 recorded the second lowest average condition (36.7%) out of all blocks however it also 
demonstrated the largest increase in condition compared to the previous year, while Block 85 recorded the second 
highest average condition of all the blocks in 2021. One death and three deaths were recorded in Block 90 and Block 
85 (respectively) in 2021, equal to or less than the other monitoring blocks. The highest mortality rates out of all 
blocks were in Block 40 and Block 45. Blocks 85 and 90 recorded less than the overall average mortality rate, in 
contrast to last year when they recorded the highest mortality rate. Lack of recruitment is one parameter that 
coincides with the proximity to the pit, with no seedlings being recorded in either Block 90 or Block 85, while other 
blocks recorded at least one seedling.  
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The 2021 monitoring results contrast the previous year when the blocks closest to the pit exhibited some of the 
lowest results in 2020 (Ecotec 2021). In 2020, Block 90 recorded the lowest average condition and displayed the 
greatest decrease in condition compared to 2019. Blocks 85 and 90 recorded the greatest number of deaths, 10 and 
11 deaths respectively, with Block 90 having the highest mortality rate of all blocks.  

Mining activities occurred in W3 pit from March to September 2021 and elevated dust levels coincide with this 
activity. There is no evidence from the 2021 annual monitoring that this contributed to poorer health or greater 
mortality in those monitoring blocks closer to the pit. The incidence of above average rainfall in March, May and July 
2021 may have contributed by reducing prolonged dust deposition on leaves. 

Like many flora taxa in arid environments, it is considered likely that the health of T. paynterae is closely related to 
changes in rainfall patterns. In the 12 months prior to the 2021 annual monitoring, Windarling received over twice 
the average annual rainfall (Figure 3.10). The above average rainfall most likely contributed to the improved results 
recorded during the monitoring in 2021, although it is unlikely rainfall patterns are the only determinant of the 
persistent decline of the population.  

4.1 Comparison of results against Trigger Criteria 

The Yilgarn Operations Flora and Vegetation Management Plan (2019) outlines trigger criteria that require further 
reporting and contingency actions. The following section compares the results of the 2020 monitoring against the 
relevant trigger criteria. 

1. Annual monitoring indicates a decline of greater than 15% in plant condition relative to the previous year; 
and rainfall is >150mm between annual sampling dates (i.e. the change is unlikely to be a result of drought 
conditions). 

The results for the 2021 monitoring indicate that average plant condition increased by 9.2% since the 2020 
monitoring, as shown in Figure 3.4 and outlined in Section 3.1.  

This trigger has not been exceeded. 

2. Annual monitoring indicates a mortality of greater than 10% of the sampled population since the previous 
year and rainfall is >150mm between annual sampling dates. 

The overall mortality rate (% new deaths per previous live population) decreased from 5.7% in 2020 to 4.3% in 2021, 
as discussed in Section 3.3 and shown in Figure 3.7. 

This trigger has not been exceeded.  

3. Annual monitoring indicates a consistent pattern of decline in population numbers over a longer time scale 
(2+ years). 

The 2021 monitoring indicates a decline in live population numbers has occurred (Figure 3.2) as discussed in Section 
3.0. A consistent decline in the population occurred over a six-year period from 2013 – 2018 (Ecotec 2018). A trend 
of decline in the population continues although an increase of 20 individuals was recorded in 2019. The live 
population in 2020 and 2021 has continued to decline.  

This trigger has been exceeded and further reporting may be required. 

4. Annual monitoring indicates a spatial pattern of decreasing plant condition and/or higher mortality that may 
be related to proximity to mining operations. 

The 2021 monitoring results indicate that there is no spatial pattern of decreasing plant condition and/or higher 
mortality that relate to proximity to mining operations as demonstrated in Sections 3.1 and 3.3 and discussed in the 
previous section.  

This trigger has not been exceeded. 

5. Any direct effect on Rare Flora occurs as a result of mining activities e.g. unauthorised ground disturbance, 
fire. 

No direct impact to Tetratheca paynterae individuals has occurred as a result of mining activities. 
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This trigger has not been exceeded. 

6. Any significant short term (i.e. < 1 year) decline in Rare Flora is detected at any time. 

No significant short-term decline has been identified in the Tetratheca paynterae population.  

This trigger has not been exceeded. 
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1.0 INTRODUCTION 

Mineral Resources Ltd (MRL) operations include iron ore mines at the Koolyanobbing Range, Mt Jackson Range and 
Windarling Range, ore processing at Koolyanobbing, and road and rail transport between these operations and the 
Port of Esperance from where the processed ore is exported.  

Ricinocarpos brevis is a shrub that grows up to 1.8m tall with white flowers that occur in the cooler months following 
rainfall events (DEC 2011). It is declared as ‘Threatened Flora’ under the Wildlife Conservation Act 1950 (WA). Three 
populations have been recorded in the Yilgarn Region of Western Australia at the Windarling Range, Johnston Range 
and the Perrinvale Range. R. brevis occurs on the rocky slopes and outcrops along the length of the Windarling 
Range, and the population coincides with approved mining areas. 

To ensure the ongoing viability of the species, management actions were identified in an Interim Recovery Plan (IRP) 
for R. brevis, developed in 2011. These actions include monitoring the population stability (increase or decline) (DEC 
2011). Monitoring transects were established along the Windarling Ridge in 2010 to assess the stability of the 
population through ongoing monitoring.  

This report documents the results of the 2021 annual monitoring of the Ricinocarpos brevis population at the 
Windarling Range and provides a comparison with the results of initial (2010/2011) and previous year (2020) 
monitoring. Ecotec WA Pty Ltd (Ecotec) conducted the annual monitoring of the R. brevis population in July 2021.  
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2.0 METHODOLOGY 

2.1 Historical Monitoring 

Monitoring of R. brevis at the Windarling range began in 2003 when little was known of the biology of the species. 
Annual monitoring of a fixed sub-sample of the population (a “census”) was completed every five years. However, 
this did not provide data about year-to-year trends on population numbers and did not outline death or recruitment 
rates. Data Analysis Australia (DAA) were engaged to review past monitoring data and recommend a design best 
suited to capturing population dynamics (DAA 2010). 

Following the recommended design outlined by DAA, in 2010 ten transects were established along the Windarling 
Ridge. These transects were 20m wide and varied in length depending on the presence of R. brevis (i.e. where the R. 
brevis population finished the transect would also finish). Transects were divided into 10m long quadrats for ease of 
monitoring. Figure 2.1 displays the location of monitoring transects along the Windarling Ridge. 

The 2010 monitoring was conducted between June and September. In 2010 all R. brevis individuals occurring within 
transects were tagged with a unique identification number. The height and reproductive status (seedling, juvenile, 
vegetative, reproductive or dead) of each individual was recorded. Randomly selected individuals were also given a 
condition assessment (percentage of total plant alive). DAA recommended that a subsample of at least 200 
individuals should be given a condition assessment in order to be a sample size representative of the population. In 
2011, DAA provided a method for randomly selecting plants for condition assessment in order to avoid biases (DAA 
2011a). 

Since 2011, the ten transects established along the ridge have been revisited on an annual basis, and all tagged 
individuals monitored for reproductive status and the presence/absence of buds, flowers and fruits. Height 
measurements were recorded for plants less than 50cm tall. Using the DAA recommended method for selecting 
condition assessment plants, 215 individuals were randomly selected and their condition assessment recorded. Any 
untagged new plants discovered during monitoring were tagged with a unique identification number and assessed 
using the same methodology. 
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Figure 2.1: Location of Ricinocarpos brevis annual monitoring plots. 
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2.2 Current Monitoring Design 

The 2021 monitoring was conducted from 25 – 27 July. As per previous annual R. brevis monitoring, the ten transects 
established along the ridge were revisited, and all tagged individuals were monitored for reproductive status and the 
presence/absence of buds, flowers and fruits. Height measurements were recorded for plants less than 50cm tall. 
The individuals randomly selected for condition assessment in 2011 were also reassessed. Condition assessment 
individuals which have been dead for two years or more are no longer included in the condition data set as they 
provide no information about the change in condition of the population. 

Since 2011, seedling searches have been conducted in Autumn when annual species are no longer present (making 
identification of small seedlings easier). From 2011 onwards, individuals have been considered seedlings if not 
present during previous monitoring, and juveniles have been considered 1-3 years of age. After three years, 
individuals are considered adults. As the seedling search was not able to be conducted in Autumn 2021, any 
seedlings found during the annual monitoring were tagged and recorded. 

2.2.1 Statistical Analysis 

As part of DAA’s recommendation for condition assessment of plants, it was advised that the McNemar’s Test 
Statistic should be applied to test the significance of change in condition (DAA 2011b). This test is represented in 
Table 2.1. 

Table 2.1: McNemar’s Test Statistic parameters. 

Year B 

Year A 

Number of plants decreased 
in condition 

Number of plants with same 
condition 

Number of plants increased 
in condition 

a b c 
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3.0 RAINFALL 

In the 12 months prior to the 2021 monitoring (July 2020 to June 2021), 267.2mm of rainfall was received at 
Windarling (BoM Station number 12141), marginally less than the long-term (2005 – 2020) average of 273.6mm. In 
2020 Windarling received approximately half the average annual rainfall (141.5mm), preceded by above average 
rainfall in 2019 (354.2mm). The annual rainfall recorded at Windarling in the 12 months prior to each monitoring 
event along with the long term (2005 – 2020) average annual rainfall is shown in Figure 3.1 (BoM 2021).  

 
Figure 3.1: Total annual rainfall prior to each monitoring event and 2005 – 2020 average annual rainfall. 

The total monthly rainfall recorded by Windarling for the 2010 (initial), 2020 and 2021 monitoring periods are 
presented in Figure 3.2, along with average monthly rainfall recorded for 2005 – 2020 (BoM 2021). March and May 
2021 received over three times the average monthly rainfall. March received 88.2mm and May recorded 63.2mm. 
August and November 2020 also received above average rainfall. The remaining eight months of the year 
experienced less than average to low rainfall in contrast to the previous year which recorded eleven months of 
below average rainfall.   
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Figure 3.2: Total monthly rainfall for 2010 (initial year), 2020 and 2021, and average monthly rainfall (2005 – 2020) at Windarling. 
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4.0 RESULTS 

4.1 Population Summary 

Table 4.1 presents the results of the 2010 (initial), 2020 (previous year) and 2021 (current year) monitoring. During 
the 2021 monitoring (conducted 25-27 July) a total of 1,659 R. brevis individuals were monitored, with the exception 
of four individuals which could not be located. One seedling, two juveniles, 742 reproductive (54% of live population) 
and 619 vegetative (45% of live population) individuals were recorded. Of the 291 total dead, 165 have been dead or 
recorded as gone since 2016.  

Table 4.1: Summary of monitoring results for initial year (2010), previous year (2020) and 
current year (2021). 

Plant Status/Category 2010 2020 2021 Change from 
2020-2021 

Change from 
2010-2021 

Seedlings 5 0 1 1 -4 

Juveniles 568 30 2 -28 -566 

Vegetative 309 1170 619 -551 310 

Reproductive 639 200 742 542 103 

Dead 20 249 291 42 271 

Not found - 11 4 -7 4 

Total Alive 1521 1400 1364 -36 -157 

Total Population 1541 1660 1659 -1 118 

Percentage of total 
population alive 98.7 84.3 82.2 -2.1 -16.5 

Changes observed between 2020 and 2021 include an increase in the number of dead individuals and subsequent 
decrease in the size of the live population and an increase in the number of reproductive adults. 

Figure 4.1 shows the percentage of the monitored R. brevis population in each life stage (dead, reproductive, 
vegetative, juvenile or seedling) for the 2010, 2020 and 2021 monitoring events. 
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Figure 4.1: Percentage of individuals in each life stage during the 2011, 2020 and 2021 monitoring events. 
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Figure 4.2 represents the number of live R. brevis individuals recorded in each monitoring year. Following a period of 
stability from 2010 to 2013, a consistent decline in the total live population was observed until 2017. An increase in 
the population occurred from 2018 to 2019 and subsequently declined in 2020 and 2021. 

 
Figure 4.2: Number of live R. brevis individuals recorded from 2010 - 2021. 

4.2 Condition Assessment 

Two hundred and eight individuals were reassessed for condition (percentage of total plant alive) in 2021. As 
condition assessment was not conducted until 2011, the 2011 results have been used as baseline results for 
comparative purposes.  

Condition assessment ranged from 25-100% in 2021, compared to 5-95% in 2020 and 25-100% in 2011. The average 
condition across all monitoring transects in 2021 was 75.5%, an increase in the average condition of 64.9% recorded 
in 2020, but lower than the 80.0% recorded in 2011. 

Figure 4.3 displays the percentage of individuals ranked in each condition assessment category for 2011, 2020 and 
2021. The greatest proportion of individuals (41.2%) were recorded in the 81-100% category and no individuals were 
recorded in the 1-20% category in 2021.  A higher proportion of the population scored over 61% in 2021 (72.5%) 
compared to 2020 (53.5%), however, it was lower compared to 2011 (85.0%). 
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Figure 4.3: Percentage of individuals in each condition assessment category for initial, previous year and current year 
monitoring. 

 

Figure 4.4 displays the average condition assessment for R. brevis plants in each monitoring transect and the entire 
monitored population for the 2011, 2020 and 2021 monitoring events. In 2021 the average condition in all transects 
was higher than recorded in 2020. Transect 1 recorded the lowest average condition of all transects for the second 
consecutive year in 2021 and displayed the largest change in condition compared to last year, recording an average 
condition of 68.2% in 2021, and 38.2% in 2020. Compared to 2011 four transects, T3, T4, T5, and T9, recorded higher 
average condition while the remaining six transects recorded lower average condition in 2021.  
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Figure 4.4: Average condition assessment in each monitoring block and the entire population for 2011, 2020 and 2021. 
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4.2.1 Statistical Analysis 

The McNemar’s statistical test was applied to the change in condition assessment of the individuals monitored in 
2020 and 2021, and 2011 and 2021. The results indicate that there is a statistically significant change in condition at 
the 5% level between each of the monitoring events analysed. 

Table 4.2 represents the parameters and results of the McNemar’s test for 2020 and 2021. The higher number of 
plants that displayed increased condition compared to those with decreased or the same condition resulted in a 
positive significant change.  

Table 4.2: McNemar’s test statistic applied to change in condition between 2020 and 2021. 

Year B (2021) 

Year A (2020) 

Number of plants decreased 
in condition 

Number of plants with same 
condition 

Number of plants increased 
in condition 

36 43 134 

*Applied at the 5% significance level, p-value = 0.0000, McNemar’s test statistic = 55.92 

Table 4.3 represents the parameters and results of the McNemar’s test for 2011 and 2021. The statistically 
significant change in condition between 2011 and 2021 represents a decrease in condition. 

Table 4.3: McNemar’s test statistic applied to change in condition between 2011 and 2021. 

Year B (2021) 

Year A (2011) 

Number of plants decreased 
in condition 

Number of plants with same 
condition 

Number of plants increased 
in condition 

111 32 77 

*Applied at the 5% significance level, p-value = 0.0146, McNemar’s test statistic = 5.97 

4.3 Reproductive Status 

In 2021, 54.4% of the total live R. brevis population was recorded as reproductive in contrast to 42.1% in 2010 and 
14.3% in 2020. Transect T10 recorded the lowest proportion of reproductive individuals (38.3%) followed by 
Transect T8 (48.3%). The highest was Transect T6 which recorded 72.4% reproductive.  

The percentage of reproductive individuals per total live population for each transect is displayed in Figure 4.5. 

The majority of the reproductive individuals had fruit present (97.6%) in 2021, 27.0% were recorded with flowers 
and 0.8% had buds. Figure 4.6 displays the percentage of the reproductive population that displayed buds, flowers 
and/or fruit during the 2011 , 2020 and 2021 monitoring events. For all three comparative years fruits were the most 
recorded reproductive structure.  
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Figure 4.5: Percentage of reproductive individuals per total live population for each transect in 2010, 2020 and 2021. 
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Figure 4.6: Proportion of reproductive plants with buds, flowers and/or fruit during 2011, 2020 and 2021 monitoring 
events. 

4.4 Recruitment and mortality  

One seedling was recorded in 2021 during the annual monitoring. There have been four previous years (2011, 2014, 
2017 and 2020) when one or less seedlings were recorded. Five seedlings were recorded in 2010 during the initial 
monitoring event with no seedlings recorded the following year. In 2020 no seedlings were recorded. From 2010 to 
2021, recruitment (% new plants per previous live population) has ranged from 0.07% - 1.28% with an average of 
0.26%. In 2021 recruitment was 0.07%. 

A total of 48 individuals were recorded as having died across all transects between 2020 and 2021. The most deaths 
were recorded in Transect 2 and Transect 10 which recorded 12 and 13 dead individuals, respectively. All other 
transects recorded between zero and five deaths. Of the new deaths recorded during 2021, seventeen plants were 
recorded as being in poor health or nearly dead, two were damaged by fallen branches, and two were newly 
recorded juveniles in 2020.  

In 2020, 36 new deaths were recorded, of which nine were recorded in Transect 8 and eight in Transect 10. Nine 
deaths were recorded during the 2011 monitoring.  

The number of deaths recorded in 2021 is the largest recorded to date. A comparative number of deaths occurred in 
2015 and 2016 when 43 and 45 deaths were recorded, respectively. The mortality rate (% new deaths per previous 
live population) measured 3.43% in 2021, 2.73% in 2020 and 0.59% in 2011.  

Mortality, recruitment and percentage of reproductive individuals from 2010 to 2021 is shown in Figure 4.7. 

 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

2011 2020 2021 2011 2020 2021 2011 2020 2021

Buds Flowers Fruits

Present Absent



 
Windarling Range Annual Ricinocarpos brevis Monitoring  July 2021 

18 

 
Figure 4.7: Percentage mortality, recruitment and reproductive of the monitored Ricinocarpos brevis population 
2011 - 2021. 

4.5 Proximity to Mining Activities 

The mine pits adjacent to the R. brevis population are W1, W2, W3 and W10 pits. Mining activity has occurred in W1, 
W3 and W10 pits in the period between annual R. brevis monitoring events from August 2020 – July 2021. Mining 
occurred throughout the period in W1 pit and in W10 pit except May and June 2021, and in W3 pit from March to 
July 2021.  

Monthly dust data indicates elevated dust levels (compared to previous months) in the months April – July 2021 at a 
dust deposition gauge 10m from the W3 pit which coincides with mining activity in W3 pit.  

Mining movements in W1, W3 and W10 pits between the 2020 and 2021 R. brevis monitoring events is displayed in 
Figure 4.8. 
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Figure 4.8: Tonnes of material movement from W1, W3 and W10 pits August 2020 – July 2021. 

Figure 4.9 shows the size of the live population in relation to proximity to mining activity in W1, W2 and W3 pits. The 
total live population results are grouped together based on distance from mining. These groups remain the same as 
previous years for ease of comparison. Note that in Group 2 below, W10 pit is included but only in the case of 
Transect T10, which is located less than 500 m from W10. The population has been divided into three groups:  

1. Transects within 500 metres (m) of mining activities at W3 pit  

2. Transects within 500 m of mining activities at W1, W2 and W10 pits  

3. Transects greater than 500 m from mining activities  

Between 2010 and 2021 the total live population in transects located within 500 metres of the W3 pit decreased by 
4.0%; in transects located within 500m of the W1 and W2 pits the live population decreased by 21.0% and in 
transects located greater than 500m away from any mining activities the population decreased by 7.6%.  

Between 2020 and 2021 the total live population in transects located within 500 m of the W3 pit decreased by 2.6%; 
in transects located within 500 m of the W1 and W2 pit the live population decreased by 4.0% and in transects 
located greater than 500 m away from any mining activities the population decreased by 1.3%. 

Transects located within 500 m of W3 pit and transects located within 500 m of the W1 and W2 pit both recorded a 
decrease of 15 individuals since 2020. In transects greater than 500m from mining activity there was a decrease of 
six individuals since 2020.  

Correspondingly the transects located within 500m of any mine pit have recorded a higher number of deaths 
compared to those located further than 500m from any mine pit. 
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Figure 4.9:  Number of live R. brevis individuals in relation to proximity to mining activities for all monitoring years. 

The number of deaths recorded in each group for 2011, 2020 and 2021 is displayed in Figure 4.10. 

 
Figure 4.10: Number of deaths recorded in relation to proximity to mining activities for 2011, 2020 and 2021.  

Figure 4.11 provides a representation of the live populations recorded in transects based on proximity to mining.   
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Figure 4.11: Total live R. brevis population in spatial groups relative to mining activity. 
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5.0 DISCUSSION AND CONCLUSION 

The results from the 2021 annual monitoring indicate that the Ricinocarpos brevis population at Windarling is in a 
period of decline. Recruitment is low and the mortality rate has increased. However, the health of individuals has 
improved compared to last year with increases recorded in average condition (live foliage cover) and the proportion 
of reproductive individuals. 

Average condition was recorded as 76% live foliage cover in 2021, an increase from 65% recorded in 2020 but lower 
than the 80% recorded in 2011. The statistical test applied to individuals monitored for condition assessment 
determined there were significant changes in condition at the 5% level from 2020 to 2021 and 2011 to 2021. The 
change from 2020 to 2021 is a positive one, given the high proportion of individuals that displayed an increased 
condition in 2021. However, the significant change in condition between 2011 and 2021 indicates a negative 
relationship, since approximately half the number of individuals in 2021 displayed decreased condition compared to 
2011. The lowest average condition was recorded in Transect T1 for the second consecutive year. This transect also 
displayed the largest change in condition compared to last year, from an average of 38.2% in 2020 increasing to 
68.2% in 2021.  

The proportion of the monitored population that was reproductive in 2021 was 54.4%, considerably higher than in 
2020 which recorded 14.3% reproductive which is the lowest recorded across all years of annual monitoring. During 
the initial monitoring in 2010, 42.0% of the population was reproductive. The average across all monitoring years 
(2010 – 2021) is 46.8%. All transects recorded a higher than average proportion of reproductive individuals in 2021, 
the lowest being Transect T3 (48.3%) and the highest transect T6 (72.4%). 

The total live population decreased by 36 individuals between 2020 and 2021. There were 48 new deaths recorded 
in 2021, the highest since monitoring began in 2010. Of these, 19 plants were recorded as being nearly dead, in poor 
condition or were impacted by fallen branches the previous year and six were juveniles in 2020. A comparable 
number of deaths occurred in 2015 and 2016 when 43 and 45 deaths were recorded. In 2011 and 2020 nine and 
thirty nine deaths were recorded, respectively. There were also seven individuals that were recorded as dead in 
2020 and had recovered and were recorded as alive in 2021.  

The mortality rate (measured as percentage new deaths per previous live population) in 2021 was 3.43%, compared 
to 2.73% in 2020 and 0.59% in 2011. Across all monitoring years mortality has ranged from 0.4% - 3.1% with an 
average of 1.85%. Since 2018 there has been an upward trend in the rate of mortality of the whole population. 

One seedling and two juveniles were recorded in 2021. Since there was no comprehensive seedling search 
conducted earlier in the year there may have been seedlings that weren’t seen during the annual monitoring due to 
the prolific growth of annual vegetation. These will be recorded and tagged during the seedling search in 2022. Five 
seedlings were recorded in 2010 during the initial monitoring event with no seedlings recorded the following year. In 
2020 no seedlings were recorded. Recruitment (measured as percentage of new plants per previous live population) 
less than 0.5% is typical of this R. brevis population based on annual monitoring data. It has exceeded this rate in one 
year, 2018, when it was measured at 1.3%. From 2010 to 2021 the rate of recruitment has ranged from 0.07% - 
1.28% with an average of 0.26%. Recruitment was measured at 0.07% in 2021.  

The long-term low recruitment suggests that conditions for germination have been suboptimal considering the 
population is reproductive and assuming viable seed is being produced. In 2020 the proportion of the population 
that was reproductive was low (14%) so the lack of seed produced may be a contributor to low recruitment this year, 
however, this isn’t the case in previous years as the proportion of reproductive individuals has been comparatively 
good. 

Mining activity occurred in three pits adjacent to the R. brevis population, W1, W3 and W10, between the 2020 and 
2021 annual monitoring. Mining occurred throughout the period in W1 and W10 pits (except for two months) and in 
W3 pit from March to July 2021. Monthly dust data for the 12-month period between the 2020 and 2021 annual 
monitoring events shows no obvious correlation between proximity to the mining activity at W1 or W10 pits and 
elevated dust levels. Elevated dust levels at a DDG 10m from W3 pit from April – July 2021 correspond with material 
movements from W3 pit.  



 
Windarling Range Annual Ricinocarpos brevis Monitoring  July 2021 

23 

Transect T1, the closest transect to W3 pit, recorded the lowest condition score out of all the transects (68.2%) in 
2021 and also in 2020. Transect T10, located at the western extent of the R. brevis population, closest to the W1, W2 
and W10 pits, recorded the highest number of deaths in 2021 (13 deaths). Transect T2, located approximately 150m 
from W3 pit recorded the second highest number of deaths in 2021 (12 deaths). Historically, Transect T10 has 
performed poorly in relation to number of deaths. In 2020 it recorded ten deaths, preceded in 2019 with eight 
deaths, and six, seven and fourteen deaths each year prior to that. The poor results recorded at transects T1 and T10 
may indicate that these transects are more susceptible to edge effects.  

The transects located within 500m of W3 pit (T1 – T4) and those within 500m of W1, W2 and W10 pits (T8 – T10) 
displayed decreases in live population size between 2020 and 2021 greater than those recorded in transects further 
from any mine pit (T5 – T7).  Correspondingly the transects located within 500m of any mine pit recorded a higher 
number of deaths compared to those located further than 500m from any mine pit.  

The results from 2020 and 2021 when assessed in context with previous annual monitoring results (Ecotec 2020) 
indicate a trend of decreasing population size and higher mortality in transects closer to mining activity. The health 
of the live population in 2021 could be considered “good” based on condition scores and numbers reproductive and 
rainfall in the 2020 - 2021 period has been average.   

It is recommended that a comprehensive investigation into the R. brevis population at Windarling be conducted 
including a review of previous monitoring, dust and mining data. Influencing factors that affect recruitment and 
mortality other than mining activities and rainfall need to be explored in order to develop a greater understanding of 
the processes involved. Some of these factors include: 

• Seed dormancy – Research on R. brevis conducted at Windarling has indicated seed can remain dormant in 
the soil for a number of years before germinating during favourable conditions (BGPA 2017).  

• Seed viability 
• Germination requirements 
• Moisture requirements 
• Temperature 
• Soil conditions  
• Prevailing wind 
• Natural fluctuations 
• Behaviour and trends of isolated populations 
• Comparison with R. brevis populations at other locations 
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5.1 Comparison of Results against Trigger Criteria 

The Yilgarn Operations Flora and Vegetation Management Plan (2019) outlines trigger criteria that require further 
reporting and contingency actions. The following section compares the results of the 2021 monitoring against the 
relevant trigger criteria. 

1. Annual monitoring indicates a decline of greater than 15% in plant condition relative to the previous 
year; and rainfall is >150mm between annual sampling dates (i.e. the change is unlikely to be a result of 
drought conditions). 

Monitoring in 2021 recorded an increase of 10.5% in average plant condition relative to 2020 monitoring results, as 
shown in Figure 4.4 and outlined in Section 4.2.  

This trigger has not been exceeded. 

2. Annual monitoring indicates a mortality of greater than 10% of the sampled population since the 
previous year and rainfall is >150mm between annual sampling dates. 

Mortality in 2021 is calculated as 3.4% (proportion of newly dead individuals per previous years live population) 
based on live population results from 2020 and 2021, as outlined in Section 4.4. Rainfall at Windarling was 265mm 
between annual monitoring dates. 

This trigger has not been exceeded.  

3. Annual monitoring indicates a consistent pattern of decline in population numbers over a longer time 
scale (2+ years). 

A consistent pattern of decline in population numbers has been recorded from 2019 to 2021. The total live 
population recorded in 2019 was 1428 individuals, 1400 individuals in 2020 and 1364 individuals in 2021.  

Monitoring indicates there was a decline from 2013 to 2017, followed by a minor recovery from 2018 - 2019 (of two 
and twenty individuals respectively) (Section 4.1). The overall trend from 2010 to 2021 indicates a decline in 
population numbers. 

This trigger has been exceeded and further investigation may be required.  

4. Annual monitoring indicates a spatial pattern of decreasing plant condition and/or higher mortality that 
may be related to proximity to mining operations. 

From August 2020 to July 2021 material movements occurred from W1 pit throughout the year, from W10 
throughout the year except May and June 2021 and from W3 pit March to July 2021. The closest monitoring 
transects to mining activity are transects T1 and T2 (W3 pit) and T9 and T10 (W1 and W10 pits). 

As discussed in Section 5.0, in 2021 Transect T1 scored the lowest condition (68.2%) out of all the transects for the 
second consecutive year. Transect T10 scored the second lowest condition (72.4%) in 2021 and 2020. These two 
transects also recorded the highest improvement in condition compared to 2020. Transect T1 is located in closest 
proximity to W3 pit from which mining occurred for five months of the 2020-2021 year and four months the 
previous year. Transect T10 is located in closest proximity to W1 and W10 pit from which mining occurred for ten 
months of the 2020-2021 year and seven months the previous year. These results may suggest a correlation 
between mining activities and decreased plant condition but only in relation to these two transects. Transects T2 
and T9, the plots adjacent to T1 and T10, scored higher than average condition (78.6% and 79.3% respectively) in 
2021. Transect T2 consistently recorded the highest condition from 2011- 2020. Two transects located greater than 
500m from mining activities scored less than average in 2021.  

The highest number of new deaths in 2021 occurred in Transect T10, with thirteen deaths recorded. Transect T2 
recorded the second highest number of deaths (twelve deaths) in 2021. Historically, Transect T10 has performed 
poorly in relation to number of deaths. In 2020 it recorded ten deaths, preceded in 2019 eight deaths, and six, seven 
and fourteen deaths each year prior to that.  
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When the transects are examined individually, these results suggest that there may be a relationship between 
mining activity and decreased condition at the two transects located at the extremities of the ridge but there is no 
indication of a pattern of decreased condition across the transects. Similarly, although the results indicate that 
Transect T10 is performing poorly, there is no apparent pattern between mining proximity and mortality across the 
transects.  

However, there may be a pattern emerging when examining the transects grouped together by proximity to mining 
activity (Section 4.5). There is a trend of increasing mortality and subsequent declining population from 2019 – 2021 
amongst the transects when grouped according to proximity to mining activity. Between 2019 and 2021 a greater 
decline in the live population has been recorded in transect groups located within 500m of mining operations 
compared to those transects located further than 500m from mining activity.  

Transects located within 500m of W3 pit have experienced a decline in the live population since 2019; between 2019 
and 2020 the population decreased by 11 individuals (1.9%), and between 2020 and 2021 the population decreased 
by 15 individuals (2.7%).  

Transects located within 500m of W1, W2 (and W10) pits have experienced a decline in the live population since 
2019; between 2019 and 2020 the population decreased by 16 individuals (4.1%), and between 2020 and 2021 the 
population decreased by 15 individuals (4.0%).  

Transects located over 500m from any mine pit have experienced a decline in the live population since 2019; 
between 2019 and 2020 the population decreased by 1 individual (0.2%), and between 2020 and 2021 the 
population decreased by 6 individuals (1.3%). 

Correspondingly the transects located within 500m of any mine pit have recorded a higher number of deaths, and 
greater mortality rate compared to those located further than 500m from any mine pit (displayed in Figure 5.1). 

 
Figure 5.1: Mortality rate of transects grouped according to proximity to mining activity 2011 – 2021.  

This trigger has been exceeded and further investigation may be required. 

5. Any direct effect on Rare Flora occurs as a result of mining activities e.g. unauthorised ground 
disturbance, fire. 

No direct effect on Ricinocarpos brevis has occurred as a result of mining activities. 

This trigger has not been exceeded.  
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6. Any significant short term (i.e. < 1 year) decline in Rare Flora is detected at any time. 

No significant short-term decline has been detected.  

This trigger has not been exceeded.  
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1 Introduction 

1.1 Background 

In 2018, Mineral Resources Limited (MRL) acquired Cliffs Asia Pacific Iron Ore Pty Ltd.’s (Cliffs) 

Yilgarn Operations. This acquisition includes the mining of iron ore from open cut mines at 

Koolyanobbing Range, Mt Jackson Range, Windarling Range and Deception, ore processing at 

Koolyanobbing, road and rail transport between these operations and the Port of Esperance 

where processed ore is exported to international customers.  

Mining above the water table commenced in Windarling W2 pit in 2004. Mining below the 

groundwater table began in 2009 and was completed in 2014. Clearing of the western part of 

the W1 Pit was undertaken in November 2011 and extended eastwards from 2012. Mining 

began in the western section of the W1 Pit in 2012, and the eastern section during 

2013. Backfilling of the W2 Pit recommenced in 2020. Mining was carried out in W1 eastern 

section since July 2020. Backfilling of the western section of W1 with waste from the 

W10 deposit has occurred from September 2018 and finished in October 2020. Since 

2010, mining operations have been subject to the conditions prescribed by Ministerial 

Statement 843 under the Environmental Protection Act 1986. Condition 6-5 required that Cliffs 

undertake monitoring to investigate potential indirect impacts of mining on the condition of 

conservation significant flora and the associated vegetation communities. 

Condition 6-5 stated:  

“For the purpose of meeting the requirements of Condition 6-6, the proponent shall monitor 

indirect impacts from activities undertaken in implementing the proposal, including dust and 

drainage/change in surface water flows, on the condition of conservation significant 

vegetation communities and flora species within the Biodiversity Areas delineated in 

Schedules 1 and 2 and Figure 6. This monitoring is to be carried out with the approval of the 

CEO on advice of the Department of Environment and Conservation.”  

In accordance with Condition 6-5 and with advice from the Department of Biodiversity 

Conservation and Attractions (DBCA), Cliffs developed a vegetation and flora monitoring 

program for the Windarling mining operation (Cliffs Natural Resources, 2016). This program was 

subsequently approved by the Chief Executive Officer (CEO) of the then Office of the 

Environmental Protection Authority (OEPA).  

In September 2014, seven Ministerial Statements (including Statement 843) were consolidated 

into a single document - Ministerial Statement 982. As a result, Condition 6-5 from statement 

843 was removed requiring only statement 5-1 to be implemented as part of the monitoring 

program until the Vegetation Management plan was approved in September 2016. Current 

monitoring guidelines are based on the approved Flora and Vegetation Management Plan 

(FVMP) in February 2019 (Mineral Resources Limited, 2019). A revised draft of the FVMP was 

submitted in November 2020 requesting changes to the trigger criteria, however it has not yet 

been approved. As such, MRL continues to implement Revision 0 of the Flora and Vegetation 

Management Plan.  
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1.2 Objectives and Scope 

The objective of the Windarling W1 and W2 monitoring programme is to develop and assess the 

vegetation condition and the condition and health of the threatened flora species 

Ricinocarpos brevis within 100m of open cut mines. This report documents the results of the 

2021 monitoring and compares them against the 2010 (initial monitoring) and 2019 and 2020 

(previous years) monitoring results. 
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2 Methodology 

2.1 Plot establishment and history 

In 2010, 30 20m x 20m vegetation plots were established to conduct monitoring based on the 

following three classifications:  

• 10 control sites (over 200 metres from mining influences; labelled C1-C10) 

• 10 near sites (between 70-120 metres from W2 Pit edge; labelled I1-I10) and 

• 10 very near sites (between 20-70 metres from W2 Pit edge; labelled P1-P10). 

However, in 2011, the monitoring intensity was reduced to five plots in each classification 

(control, near or very near to W2 Pit edge). This reduction in monitoring plots was undertaken 

to be more time-efficient whilst still recording reliable data.  

Then in 2012, three sites (P1, I4 and I5) were cleared for development within the W1 mine pit 

and were replaced with three plots (I1, I7 and P7) that had been set up and monitored in 

2010 (Figure 1). Finally, since the commencement of mining in the W1 pit in 2013, plots 

previously located 100-200m of the pit edge are now within 100m of the pit edge. As such, the 

plots have now been combined into two categories ‘’near pit” and “control pit”.  

Where possible, the sites were additionally chosen to allow the inclusion of the Priority flora 

species Ricinocarpos brevis for individual monitoring. Each plot was marked with a metal 

dropper and given a unique individual number. At each plot, the following field information was 

recorded:  

• Plot Identification Number  

• Monitoring date  

• Personnel conducting monitoring  

• GPS location (GDA94) taken from northwest corner of plot  

• Photographic record taken from northwest corner of plot  

• Vegetation condition and  

• Weed assessment.  
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Figure 1: Location of monitoring plots and the W1 and W2 mine pits 

2.2 Monitoring  

The 2021 monitoring survey was conducted in December and involved revisiting the 15 plots 

monitored in 2021. 

2.2.1 Vegetation Condition Monitoring 

At each plot, a photographic record was undertaken from the NW corner and vegetation 

condition evaluated using the Keighery scale (Keighery 1994; Environmental Protection 

Authority 2016) (Table 1). 
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Table 1: Vegetation Condition Scale as developed by Keighery (1994) 

Code Description 

Pristine Pristine or nearly so, no obvious signs of disturbance. 

Excellent 
Vegetation structure intact, disturbance affecting individual species and 
weeds are non-aggressive species. 

Very Good 
Vegetation structure altered, obvious signs of disturbance. For example, 
disturbance to vegetation structure caused by repeated fires, the presence 
of some more aggressive weeds, dieback, logging and grazing. 

Good 

Vegetation structure significantly altered by very obvious signs of multiple 
disturbances. Retains basic vegetation structure or ability to regenerate it. 
For example, disturbance to vegetation structure caused by very frequent 
fires, the presence of some very aggressive weeds at high density, partial 
clearing, dieback and grazing. 

Degraded 

Basic vegetation structure severely impacted by disturbance. Scope for 
regeneration but not to a state approaching good condition without 
intensive management. For example, disturbance to vegetation structure 
caused by frequent fires, the presence of very aggressive weeds, partial 
clearing, dieback and grazing. 

Completely 
Degraded 

The structure of the vegetation is no longer intact, and the area is 
completely or almost completely without native species. These areas are 
often described as “parkland cleared’ with the flora comprising weed or crop 
species with isolated native trees or shrubs. 

2.2.2 Individual Plant Monitoring  

Within each plot, 12 individual plants that had been selected between 2010-2020 were revisited 

and monitored. Individuals were chosen to span across the lower, middle and upper stratum. 

Individual plants were given a health and dust assessment based on Table 2Table 3.  

 

Table 2: Condition assessment criteria for selected individual plants 

Rating Description 

0 Plant is dead.  

1 
1-25% of foliage alive: Plant severely impacted. Appears to be on the verge of 
dying, large portions affected by negative health indicators 

2 
26-50% of foliage alive:  Moderate health impacts noticeable (i.e. significant 
drying out of leaves, multiple branches showing yellowing of leaves, individual 
branches dead). 

3 
51-75% of foliage alive: Small health impacts noticeable (i.e. slight drying out of 
leaves, yellowing of leaves, individual branches dead). 

4 76-100% of foliage alive:  No obvious signs of plant distress or negative impacts 
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Table 3: Dust categories used for monitoring selected flora individuals 

Rating Description 

No dust Plant does not have any level of dust covering, above what is normal for native 
plants in the region (0% dust foliage). 

Slight dust Plant has slight dust covering on leaves (Less than 25% of individual covered in 
dust. 

Moderate 
dust 

Plant has moderate dust covering of leaves and stem/branches (26-50% of 
individual covered in dust.  

Heavy dust Plant has heavy dust covering of leaves and stem/branches (51-75% of individual 
covered in dust) 

Very heavy 
dust 

Plant has very heavy dust covering of leaves and stem/branches (76-100% of 
individual covered in dust)  

2.2.3 Chlorophyll Fluorescence  

The photosynthetic efficiency of Photosystem II (Fv/Fm), commonly referred to as 

photosynthetic stress, is based on the maximum quantum yield of Photosystem II (Fv/Fm). 

Fv/Fm has been used widely as an indicator of plant stress (Percival, 2005). The benefit of using 

PSII chlorophyll fluorescence is that it provides a replicable, quantitative and non-destructive 

assessment over other more commonly metrics used in condition (e.g., leaf color, dead/live leaf 

material) allowing for trends to be easily identified and actioned if possible (Ralph and 

Gademann, 2005). Typical Fv/Fm will range 0.6 to 0.7, with a maximum achievable level of 

0.84. Fv/Fv range is generally species specific however, typically values below 0.6 often indicate 

stress, such as water, light, thermal or nutrient stresses, within the plant (Percival, 2005; Ritchie, 

2006). As such, Fv/Fm assessment was added to the monitoring program in 2017.  

Fv/Fm measurements were conducted on all accessible plants (i.e. tall trees were excluded) 

using a pocket Plant Efficiency Analyzer (PEA) (Hansatech, 2006).  

A total of 126 individuals were assessed for photochemical stress. All measurements were dark 

adapted in accordance with the methods of outlined in Hansatech (2006). A clip was attached 

to one live leaf of each individual, to dark adapt the leaves/phyllodes prior to taking the reading.  

Using the Fv/Fm data, samples may be screened for stress factors which limit the photosynthetic 

performance of the individual (Hansatech, 2006). 

 

2.2.4 Ricinocarpos brevis Monitoring  

A total of 16 Ricinocarpos brevis individuals were selected within plots (as part of Individual Plant 

Monitoring) and their health and dust levels assessed using the methods described in  

Table 2 and 3. These individuals were also given a percentage score based on the total amount 

of live foliage present on the individual. R. brevis was monitored in the following plots:  

• Controls: C1 and C3 (Four R. brevis plants monitored) 

• Near Pit: I8, I9, I10, P6, P9 and P10 (11 R. brevis individuals monitored). 
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Annual monitoring of R. brevis was carried out by Ecotec Environmental Managament (2020) 

and involved 10 transects up to 100m long, established across the Windarling Range, two of 

which are near the W2 Pit (Figure 2). R. brevis individuals occurring within the first 30m of 

transects 9 and 10 (Figure 2) have been treated as occurring near the pit edge. Transect 8 (Figure 

2) in the annual R. brevis monitoring overlaps the control plots established for this W1 and W2 

Flora Monitoring program. All R. brevis occurring within transect 8 have been treated as control 

individuals. Individuals within these transects were randomly selected to be given a percentage 

sore based on the total amount of live foliage present on the individual. 

 

 

 

Figure 2: Location of transects in annual Ricinocarpos brevis monitoring
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3 Results 

3.1 Climate 

Rainfall is an important driving factor in flora and vegetation health. Western Botanical 

(2010) found that drought and small changes in microclimates such as the differences in heat 

exposure and wind and dust blocking the stomata can contribute to the decline in health or 

death in vegetation. As such, it is important to consider the amount of rainfall received prior to 

monitoring when comparing the health of vegetation from year to year.  

Rainfall data was collected at MRL’s rainfall gauge located within the Windarling development 

area. This gauge has been registered with the Bureau of Meteorology (BOM) and has been 

collecting rainfall data since 2004. The monthly rainfall totals for the first year of monitoring 

(2010) the last two years (2019 and 2020) and the current monitoring to October 2021 are 

shown in Figure 2. The Long-term average annual rainfall is 267 mm; however, rainfall is highly 

variable. In the 2020 monitoring period (November 2019 – August 2020), Windarling weather 

station recorded only 150 mm of rain, whereas in the 12 months prior to this monitoring session 

(November 2020 - December 2021) over 400 mm of rain was recorded, including the highest 

rainfall totals on record in March, May and July 2021 (Figure 3) (Bureau of Meteorology, 2021). 

These months accounted for more than two-thirds of the yearly rainfall for 2021. 

 

 

Figure 3: Total monthly rainfall totals for the initial monitoring (2010), previous two 

monitoring seasons (2019 and 2020) and the current monitoring (November 2020 – 

December 2021) season. Black line is the average monthly rainfall between 2004-2021 

(Station number 12141) 
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3.2 Vegetation Condition 

As defined by Keighery (1994), the condition of the vegetation within all the plots ranges from 

good to excellent (Table 4). Most sites (11/14) have decreased in vegetation condition when 

compared to 2020 data (Table 4). When compared to the 2010 (initial) monitoring results, the 

2021 monitoring found vegetation condition at six plots located near the pit had slightly 

decreased vegetation condition, with the remainder showing no change (Table 4). 

 

Table 4: The vegetation condition of the monitoring plots comparing the preceding 

two years of monitoring and the initial setup in 2010 

 

Type Plot 2010 2019 2020 2021 
Change 
2020-
2021 

Change 
2010-
2021 

Control C01 Excellent Excellent Excellent 
Very 
Good 

Slight 
decrease 

Slight 
decrease 

Control C02 Excellent Excellent Excellent Excellent 
No 

change 
No 

change 

Control C03 Excellent Excellent Excellent 
Very 
Good 

Slight 
decrease 

Slight 
decrease 

Control C05 Excellent 
Very 
Good 

Excellent 
No 

notes? 
Unknown Unknown 

Control C08 Excellent 
Very 
Good 

Excellent Excellent 
No 

change 
No 

change 

Near pit I1 
Very 
Good 

Excellent- 
Very 
Good 

Excellent Good Decrease Decrease 

Near pit I7 
Very 
Good 

Very 
Good 

Excellent Good Decrease Decrease 

Near pit I8 Excellent Excellent Excellent 
Very 
Good 

Slight 
decrease 

Slight 
decrease 

Near pit I9 Excellent Excellent Excellent Excellent 
No 

change 
Slight 

decrease 

Near pit I10 Excellent Excellent Excellent 
Very 
Good 

Slight 
decrease 

Slight 
decrease 

Near pit P6 
Very 
Good 

Very 
Good 

Excellent 
Very 
Good 

Slight 
decrease 

No 
change 

Near pit P7 
Very 
Good 

Very 
Good 

Excellent 
Very 
Good 

Slight 
decrease 

No 
change 

Near pit P8 
Very 
Good 

Excellent Excellent 
Very 
Good 

Slight 
decrease 

Slight 
decrease 

Near pit P9 Excellent Excellent Excellent 
Very 
Good 

Slight 
decrease 

No 
change 

Near pit P10 
Very 
Good 

Excellent Excellent 
Very 
Good 

Slight 
decrease 

No 
change 
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3.3 Individual Species Monitoring 

3.3.1 Health Monitoring 

The 2021 monitoring found individuals at both the control and near pit sites have decreased in 

health condition compared to 2019 and 2020 (Figure 4). In the control sites, between 2021 and 

2020 there was an approximate 65% decrease in the number of healthy plants, whereas stressed 

and very stressed increased by 26% and 25% respectively. Compared to the initial monitoring in 

2010, there has been a 30% decrease in the overall number of health individuals (Figure 4).  

The near pit sites have showed declines since 2020 and the initial monitoring. Since 2020, there 

has been an approximately 80% decrease in the number of individuals classified as healthy along 

with a 20% increase in the number of very stressed individuals (Figure 4). There were an 

additional six new deaths recorded in the near pit sites compared to 2020. Finally, when 

compared with the initial monitoring, the 2021 monitoring found a 40% decrease in the number 

of healthy individuals and increases in the number of stressed and very stressed individuals 

(Figure 4).  

 

 

Figure 4: Individual plant condition measured in the initial year (2010), previous two 

years (2019 and 2020) and current year (2021) 
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3.3.2 Dust 

Observations of dust has exhibited an overall increase in 2021 when compared to 2020 and the 

initial monitoring across both the control and near pit plots (Figure 5). There were increases 

(~40% and 10%) in the amount of moderate and heavy dust categories recorded respectively 

compared to 2020 in the near pit plots and 10% and 5% in the control plots. Since monitoring 

began in 2010, dust observations have increased in both the control plots  

(from 56% to 21% dust free) and near the pit plots (from 54% to 6% dust free).  

 

3.4 Ricinocarpos brevis monitoring  

3.4.1 Health condition 

The 2021 monitoring found the condition rating of Ricinocarpos brevis individuals decreased 

across both the control and near pit sites compared to  

2020 and 2010 (Figure 6). In 2020 within the control sites, 100% of individuals were recorded as 

healthy, whereas in 2021, only 20% of individuals were recorded as healthy (Figure 6). When 

compared to 2020, there has been a 20% increase in the number of healthy individuals (Figure 

6).  Similarly, in the near pit sites, there was an increase in the amount of slightly stressed and 

stressed individuals of R. brevis between 2021 and 2020. Since 2010, there has been a 20% 

decrease in the number of healthy individuals (Figure 6).  

Since 2010, the health and condition of R. brevis fluctuated between years, likely due to 

variations in rainfall and other abiotic and biotic factors (not included in this monitoring 

program). Additionally, these fluctuations appear consistent across both the control and near 

pit plots (Figure 6).  

 

Figure 5: Individual dust conditions measured in the initial year (2010), previous two 

years (2019 and 2020) and current year (2021) 
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Figure 6: Health condition of individual R. brevis in the initial year (2010), previous two 

monitoring years (2019 and 2020) and the current monitoring year (2021) 

 

3.4.2 Dust condition 

There were significant increases in the amount of dust recorded on R. brevis individuals in 

2021 compared to 2020 and 2010 (Figure 7). In 2020 within the control plots, 100% of recorded 

individuals were dust free, whereas in 2021, 100% of individuals recorded moderate dust levels 

(Figure 7). Similarly, in the near pit sites, there was a 41% and 50% increase in the number of 

individuals recorded with heavy and moderate dust recorded compared 2010. 2021 dust 

observations are the highest recorded since monitoring began in 2010.  

3.4.3 Live foliage condition 

Foliage conditions showed limited variation between 2020 and 2021 in the monitored R. brevis 

individuals (Figure 8). There was a minor increase in the number of healthy individuals in the 

control plots, whereas in contrast, there was a minor increase in the number of stressed 

individuals (Figure 8). When compared to the initial monitoring in 2011, both the control and 

near pit sites have had decreases in the number of healthy individuals (35% and 30% 

respectively).  
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Figure 7: Dust levels recorded on individual R. brevis in the initial year (2010), previous 

two monitoring years (2019 and 2020) and the current monitoring year (2021) 

 
 

 

Figure 8: Percentage of monitored R. brevis individuals in each health category 
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3.4.4 Chlorophyll Fluorescence Monitoring  

The chlorophyll fluorescence values recoded across both the control and near pit sites were 

lower than those recorded in 2020 (Figure 9). There was little variation in the recorded 

chlorophyll readings across both areas in 2021. Recorded values ranged from 0.6 to 0.69 in the 

control plots and 0.65 to 0.72 in the near pit sites (Figure 9). Despite CF readings being lower 

than 2020, based on Ritchie (2006) value of 0.6, plants are not considered to be under stress. 

Importantly, CF levels are higher on average than those recorded in 2019 (Figure 9).  

 

 

Figure 9: Chlorophyll fluorescence levels across the control and near pit plots 
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4 Discussion and Conclusion 

4.1 Vegetation Condition  

The 2021 monitoring found overall decreases in vegetation condition compared to 2020. Despite 

this, most sites were in very good or excellent condition, with only two sites considered to be in 

a good condition. The reasons for the decline in vegetation health between years are unknown, 

however there is no correlation between mining and vegetation health. This inference is due to 

the fact that health condition changes were consistent across both near pits and the controls. 

Vegetation condition can be linked to climatic influences such as rainfall which could be linked 

to the changes in condition assessment observed in 2021.  

Another aspect for observed differences in the vegetation condition could also be the timing in 

the season that the monitoring was undertaken when compared to previous monitoring periods. 

This could be due to the plants entering a period of water stress. Ongoing monitoring will help 

improve the understanding changes in vegetation health of the Windarling mining area.  

4.2 Individual Plant Condition  

As with the overall vegetation condition, there were declines in individual plant condition and 

increased dust levels across both areas compared to 2020. The most notable declines were 

observed in the near pit sites with a nearly 80% decline observed in the number of healthy 

individuals. A plausible observation for the decline could be linked to consistent previous years 

below average rainfall. The current reporting period above average rainfall may not be enough 

to exhibit an observable recovery of plant condition. As such, plant condition may improve in 

the coming months, however this requires ongoing monitoring to investigate this. In the 12 years 

of monitoring though, individual vegetation conditions are highly variable and as such it’s hard 

to elucidate if mining activities are responsible for this. 

Plant condition observed in the 2021 reporting period could also be influenced by the timing 

monitoring occurred as the plants enter the water stress phase of summer.  

The elevated dust observations recorded across both the control and near pit locations could be 

linked to backfilling operations occurring at W2 pit and mining operations at W1 East pit at the 

time of the monitoring. There are similarities between dust observations and plant condition 

across both near pit and control locations in 2021, however given the considerable variations 

that have been recorded across years, it is hard to conclude that mining activities are responsible 

for this decline in plant condition. Ongoing monitoring is required to assess further trends. 

4.3 Ricinocarpos brevis Condition  

There was an increase in the number the of tagged R. brevis individuals that became slightly 

stressed or stressed in both the control and near pit sites. For instance, there was an 80% decline 

in the number of healthy individuals recorded in 2021 compared to 2020 in the control sites. 

There was an increase in dust observations across both control and near pit locations however  

the plant condition between plot locations was consistent. A correlation over time between dust 

and vegetation health does not exist and it is likely therefore that external influences such as 

rainfall variations are an important contributor to plant condition. Since 2010  the health of 

R. brevis across both the control and near pit plots has improved despite overall increases in 
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dust and mining activities. This can also be supported by higher average CF readings in near pit 

plots as compared to control plots. Chlorophyll fluorescence measurements continue to be 

taken while conducting the annual monitoring as this will enable a more quantifiable assessment 

of plant stress which will provide comparative analysis when making the visual assessment.  

4.4 Comparison of Results against Trigger Criteria  

The Flora and Vegetation Management Plan (Mineral Resources Limited, 2019) outlines trigger 

criteria that require further reporting and contingency actions for Rare Flora Taxa and 

Conservation Significant Flora. The following section compares the results of the 

2021 monitoring against the relevant trigger criteria.  

Criteria 1 - Annual monitoring indicates a decline of greater than 15% in plant condition 

relative to the previous year; and rainfall is >150mm between annual sampling dates 

(i.e. the change is unlikely to be a result of drought conditions).  

Annual monitoring indicates that plants (all species) in both control and near pit 

locations experienced a decrease in condition since the 2020 monitoring period of 70% 

in control plots and 80% in near pit locations. Ricinocarpos brevis individuals located in 

both the control and near pit monitoring plots have seen a decrease in condition to the 

order of 80% and 48% respectively. As the average annual rainfall for 2021 was over 150 

mm drought conditions are not being experienced. 

A notification for Tetratheca paynterae sub paynterae and Ricinocarpos brevis has been 

submitted to the DWER due to trigger criteria being met as a result of annual monitoring 

on 18 March 2022. 

This trigger criteria has been met.  

Criteria 2 - Annual monitoring indicates a mortality of greater than 10% of the sampled 

population since the previous year and rainfall is >150mm between annual sampling 

dates.  

Six new cases of mortality (4% increase in mortality rate from 2020) was observed in the 

near pit monitoring plots and no new cases were observed in the control plots of the 

monitored plants. However, this rate is still lower than the trigger limit of 10%. 

This trigger criteria has not been met.  

Criteria 3 - Annual monitoring indicates a consistent pattern of decline in population 

numbers over a longer time scale (2+ years).  

Annual monitoring does not indicate a consistent pattern of decline. Whilst a slight 

decline was observed in 2021 there was a short lived resurgence in 2020.  

This trigger criteria has not been met.  

Criteria 4 - Annual monitoring indicates a spatial pattern of decreasing plant condition 

and/or higher mortality that may be related to proximity to mining operations.  

There is no correlation between mining activity and a spatial distribution of decreasing 

plant condition and mortality rates. Plant condition decreased in both the control and 

near pit areas.  
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This trigger criteria has not been met.  

Criteria 5 - Any direct effect on Rare Flora occurs as a result of MRL’s activities 

e.g. unauthorised ground disturbance, fire.  

No direct effect on the monitored R. brevis or the Windarling vegetation has occurred 

as a result of mining activities.  

This trigger criteria has not been met.  

Criteria 6 - Any significant short term (i.e. < 1 year) decline in Rare Flora is detected at 

any time.  

No significant short-term decline has been identified in the R. brevis or Windarling 

vegetation population size.  

This trigger criteria has not been met.  
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6 Report Disclaimer 

This report is produced strictly in accordance with the scope of services set out in the contract 

or otherwise agreed in accordance with the contract. 360 Environmental makes no 

representations or warranties in relation to the nature and quality of soil and water other than 

the visual observation and analytical data in this report.  

In the preparation of this report, 360 Environmental has relied upon documents, information, 

data and analyses (“client’s information”) provided by the client and other individuals and 

entities. In most cases where client’s information has been relied upon, such reliance has been 

indicated in this report. Unless expressly set out in this report, 360 Environmental has not 

verified that the client’s information is accurate, exhaustive or current and the validity and 

accuracy of any aspect of the report including, or based upon, any part of the client’s information 

is contingent upon the accuracy, exhaustiveness and currency of the client’s information. 

360 Environmental shall not be liable to the client or any other person in connection with any 

invalid or inaccurate aspect of this report where that invalidity or inaccuracy arose because the 

client’s information was not accurate, exhaustive and current or arose because of any 

information or condition that was concealed, withheld, misrepresented, or otherwise not fully 

disclosed or available to 360 Environmental. 

Aspects of this report, including the opinions, conclusions and recommendations it contains, are 

based on the results of the investigation, sampling and testing set out in the contract and 

otherwise in accordance with normal practices and standards. The investigation, sampling and 

testing are designed to produce results that represent a reasonable interpretation of the general 

conditions of the site that is the subject of this report. However, due to the characteristics of the 

site, including natural variations in site conditions, the results of the investigation, sampling and 

testing may not accurately represent the actual state of the whole site at all points.  

It is important to recognise that site conditions, including the extent and concentration of 

contaminants, can change with time. This is particularly relevant if this report, including the data, 

opinions, conclusions and recommendations it contains, are to be used a considerable time after 

it was prepared. In these circumstances, further investigation of the site may be necessary. 

Subject to the terms of the contract between the Client and 360 Environmental Pty Ltd, copying, 

reproducing, disclosing or disseminating parts of this report is prohibited (except to the extent 

required by law) unless the report is produced in its entirety including this page, without the 

prior written consent of 360 Environmental Pty Ltd.
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1 Introduction 

1.1 Background 

In 2018, Mineral Resources Limited (MRL) acquired Cliffs Asia Pacific Iron Ore Pty Ltd (Cliffs) 

Yilgarn Operations. This acquisition includes the mining of iron ore from open cut mines at 

Koolyanobbing Range, Mt Jackson Range, Windarling Range and Deception, ore processing at 

Koolyanobbing, road and rail transport between these operations and the Port of Esperance 

where processed ore is exported to international customers.  

The Mt Jackson J1 Deposit (J1) mining project was approved in 2010, subject to the conditions 

prescribed by Ministerial Statement 843 under the Environmental Protection Act 

1986. Condition 6-5 required that Cliffs undertake monitoring to investigate potential indirect 

impacts of mining on the condition of conservation significant flora and the associated 

vegetation communities, stating:  

“For the purpose of meeting the requirements of Condition 6-6, the proponent shall monitor 

indirect impacts from activities undertaken in implementing the proposal, including dust and 

drainage/change in surface water flows, on the condition of conservation significant 

vegetation communities and flora species within the Biodiversity Areas delineated in 

Schedules 1 and 2 and Figure 6. This monitoring is to be carried out with the approval of the 

CEO on advice of the Department of Environment and Conservation.”  

In accordance with Condition 6-5 and with advice from the Department of Biodiversity 

Conservation and Attractions (DBCA, formerly the Department of Environment and 

Conservation), Cliffs developed a vegetation and flora monitoring program for the J1 mining 

operation (Cliffs Natural Resources, 2016). This program was subsequently approved by the 

Chief Executive Officer (CEO) of the then Office of the Environmental Protection Authority 

(OEPA).  

In September 2014, seven Ministerial Statements (including Statement 843) were consolidated 

into a single document - Ministerial Statement 982 (Minister for Environment and Heritage 

2014). As a result, condition 6-5 from statement 843 was removed, requiring only statement 

5 - 1 to be implemented as part of the J1 Biodiversity monitoring program until the Vegetation 

Management plan was approved in September 2016. Current monitoring guidelines are based 

on the approved Flora and Vegetation management plan (FVMP) in February 2019 (Mineral 

Resources Limited, 2019). A revised draft of the FVMP was submitted in  

November 2020 requesting changes to the trigger criteria, however it has not yet been 

approved.  

1.2 Objectives and Scope 

The objective of the J1 vegetation monitoring is to monitor for changes in vegetation and flora 

condition that may be attributable to mining operations (e.g., from elevated dust levels). This 

report presents the results of the 2021 monitoring, conducted in October, and compares them 

against the 2019 and 2020 (previous two years) and where applicable the 2012 and 2016 (initial 

years) monitoring results. 
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2 Methodology 

2.1 Plot Establishment 

In 2012, six (plots 09, 10, 14, 21, 23 and 24) 20m x 20m vegetation plots were established to 

conduct monitoring based on the following classification: control sites (over 200 m from active 

mining) and near mining sites (located between 70 and 120 m from active mining). Plots were 

set up in the three dominant vegetation communities on the J1 lease: Eucalyptus corrugata 

woodland, Acacia effusifolia shrubland and Acacia sp. Mt Jackson shrubland by (Figure 

1). After the acquisition of J1 by MRL, an additional 5 vegetation plots were established 

in 2016 ( 

Table 1) for total number of plots across vegetation communities). Where possible, the sites 

were additionally chosen to allow the inclusion of the Priority flora species Stenanthemum 

newbeyi for individual monitoring. Each plot was marked with a metal dropper and given a 

unique individual number. At each plot, the following field information was recorded:  

• Plot Identification Number 

• Monitoring date 

• Personnel conducting monitoring 

• GPS location (GDA94) taken from northwest corner of plot 

• Photographic record taken from northwest corner of plot 

• Vegetation condition 

• Weed assessment. 

 

Table 1: The location and number of plots established in each vegetation community 

Vegetation community Location  Number of Plots 

Eucalyptus corrugata Woodland - EcW 
Near mining 3 

Control 2 

Acacia effusifolia Shrubland - AeS 
Near mining 2 

Control 1 

Acacia sp. Mt Jackson Shrubland - AmJs 
Near mining 1 

Control 2 
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Figure 1: Location of monitoring plots in relation to mining activities. 

2.2 Monitoring 

The 2021 monitoring survey was undertaken in October 2021 whereby all 11 plots were 

revisited.  

2.2.1 Vegetation Condition Monitoring 

At each plot, a photographic record was undertaken from the NW corner and vegetation 

condition evaluated using the Keighery scale (Keighery 1994; Environmental Protection 

Authority 2016) (Table 2).  
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Table 2: Vegetation Condition Scale as developed by Keighery (1994) 

Code Description 

Pristine Pristine or nearly so, no obvious signs of disturbance. 

Excellent 
Vegetation structure intact, disturbance affecting individual species and 
weeds are non-aggressive species. 

Very Good 
Vegetation structure altered, obvious signs of disturbance. For example, 
disturbance to vegetation structure caused by repeated fires, the presence 
of some more aggressive weeds, dieback, logging, and grazing. 

Good 

Vegetation structure significantly altered by very obvious signs of multiple 
disturbances. Retains basic vegetation structure or ability to regenerate it. 
For example, disturbance to vegetation structure caused by very frequent 
fires, the presence of some very aggressive weeds at high density, partial 
clearing, dieback, and grazing. 

Degraded 

Basic vegetation structure severely impacted by disturbance. Scope for 
regeneration but not to a state approaching good condition without 
intensive management. For example, disturbance to vegetation structure 
caused by frequent fires, the presence of very aggressive weeds, partial 
clearing, dieback, and grazing. 

Completely 
Degraded 

The structure of the vegetation is no longer intact, and the area is 
completely or almost completely without native species. These areas are 
often described as ‘parkland cleared’ with the flora comprising weed or crop 
species with isolated native trees or shrubs. 

2.2.2 Individual Species Monitoring 

Each individual species tagged in 2011 (up to six individual plants within each 20 m x 20 m plot) 

was revisited and given a health and dust ranking as per the categories shown in Table 3 and 

Table 4. General comments on the health of other individuals and species were also recorded 

where necessary. 

Table 3: Condition assessment criteria for selected individual plants 

Rating Description 

0 Plant is dead.  

1 
1-25% of foliage alive: Plant severely impacted. Appears to be on the verge of 
dying, large portions affected by negative health indicators 

2 
26-50% of foliage alive: Moderate health impacts noticeable (i.e. significant 
drying out of leaves, multiple branches showing yellowing of leaves, individual 
branches dead). 

3 
51-75% of foliage alive: small health impacts noticeable (i.e. slight drying out of 
leaves, yellowing of leaves, individual branches dead). 

4 76-100% of foliage alive: No obvious signs of plant distress or negative impacts 
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Table 4: Dust categories used for monitoring selected flora individuals 

Rating Description 

No dust Plant does not have any level of dust covering, above what is normal for native 
plants in the region (0% dust foliage). 

Slight dust Plant has slight dust covering on leaves (Less than 25% of individual covered in 
dust. 

Moderate 
dust 

Plant has moderate dust covering of leaves and stem/branches (26-50% of 
individual covered in dust.  

Heavy dust Plant has heavy dust covering of leaves and stem/branches (51-75% of individual 
covered in dust) 

Very heavy 
dust 

Plant has very heavy dust covering of leaves and stem/branches (76-100% of 
individual covered in dust)  

2.2.3 Chlorophyll Fluorescence Assessment 

The photosynthetic efficiency of Photosystem II (Fv/Fm), commonly referred to as 

photosynthetic stress, is based on the maximum quantum yield of Photosystem II (Fv/Fm). 

Fv/Fm has been used widely as an indicator of plant stress (Percival, 2005). The benefit of using 

PSII chlorophyll fluorescence is that it provides a replicable, quantitative and non-destructive 

assessment over other more commonly metrics used in condition (e.g., leaf color, dead/live leaf 

material) allowing for trends to be easily identified and actioned if possible (Ralph and 

Gademann, 2005). Typical Fv/Fm will range 0.6 to 0.7, with a maximum achievable level of 

0.84. Fv/Fv range is generally species specific however, typically values below 0.6 often indicate 

stress, such as water, light, thermal or nutrient stresses, within the plant (Percival, 2005; Ritchie, 

2006). As such, Fv/Fm assessment was added to the monitoring program in 2017.  

Fv/Fm measurements were conducted on all accessible plants (i.e. tall trees were excluded) 

using a pocket Plant Efficiency Analyzer (PEA) (Hansatech, 2006).  

A total of 126 individuals were assessed for photochemical stress. All measurements were dark 

adapted in accordance with the methods of outlined in Hansatech (2006). A clip was attached 

to one live leaf of each individual, to dark adapt the leaves/phyllodes prior to taking the reading.  

Using the Fv/Fm data, samples may be screened for stress factors which limit the photosynthetic 

performance of the individual (Hansatech, 2006). 
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3 Results 

3.1 Climate 

Rainfall is an important factor in flora and vegetation health. Western Botanical (2010) found 

that drought and small changes in microclimates such as the differences in heat exposure and 

wind; and dust blocking the stomata can contribute to the decline in health or death in 

vegetation. As such, it is important to consider the amount of rainfall received prior to 

monitoring when comparing the health of vegetation from year to year. Rainfall data was 

collected at MRL’s rainfall gauge located within the Windarling development area. This gauge 

has been registered with the Bureau of Meteorology (BOM) and has been collecting rainfall data 

since 2004.  

Monthly rainfall totals for the last two years (2019 and 2020), the initial year (2010) and the 

current monitoring to October 2021 are shown in Figure 2. The Long-term average annual 

rainfall is 267 mm; however, rainfall is highly variable. In the 2020 monitoring period, Windarling 

weather station recorded only 150.4 mm of rain (November 2019 – October 2020), whereas in 

the 12 months prior to this monitoring session (November 2020-October 2021) over 350 mm of 

rain was recorded, including the highest rainfall totals on record in March, May and July 

2021 (Figure 2) (Bureau of Meteorology, 2021). These months accounted for more than two-

thirds of the yearly rainfall for 2021. 

 

Figure 2: Total monthly rainfall totals for the previous two monitoring seasons (2019 and 

2020) and the current monitoring (November 2020 – October 2021) season. Black line is 

the average monthly rainfall between 2004-2021 (Station number 12141). 
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3.2 Vegetation Condition 

As defined by Keighery (1994), the condition of the vegetation within all the monitoring sites in 

2021 was assessed as either excellent or very good (Figure 3). For both the EcW sites, the health 

condition decreased from excellent to very good, whereas there has been no observed decline 

in vegetation condition when compared to the preceding two years of monitoring (2019 and 

2020) and the initial set up in 2012 and 2016 respectively for the remaining sites (Figure 3).  

 

Figure 3: The vegetation condition of the six monitoring sites comparing the preceding 

two years of monitoring and the initial setup 

3.3 Individual Plant Monitoring 

3.3.1 Condition 

Since 2016, annual monitoring has been undertaken to assess the health of individual plants 

within each plot (n=11) across six sites. In 2021, plant health varied considerably between sites 

and recent years (2019 and 2020).  

For the Eucalyptus corrugata woodland (EcW) (near mining) site, there was a marginal increase 

(<3%) in the number of plants being slightly stressed compared to 2020, however there is an 

overall improvement from 2019 (Figure 4). In the control site though, despite there being an 

increase in the number of stressed and slightly stressed plants, there was a decrease in the 

number of very stressed plants. There are no considerable differences between the near mining 

site and the control site; however, interestingly there are more healthy plants in the near mining 

site (Figure 4). 

In the Acacia sp. Mt Jackson shrubland (AmjS) near mining plots, there was no significant 

difference in overall plant health between 2020 and 2021 (Figure 4). However, in the AmjS 

control plots, despite there being an overall increase in the number of healthy plants, there has 

also been an increase in the number of plants becoming ‘very stressed’ since 2020 (Figure 4). 
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When compared to the control site, the overall health is considerably better in the near mining 

sites (Figure 4).  

Finally, there was slight increase (n=1) in the number of healthy individuals between 2020 and 

2021 in the Acacia effusifolia shrubland (AeS) near mining plots. In comparison, there was no 

improvement in plant health when compared to 2020 in the control plots (Figure 4). Overall, 

there are more healthy plants in the control plots when compared with the near mining plots in 

2021.  

 

Figure 4: Health condition of individual monitored plants in the initial year (2016), 

previous years (2019, 2020) and current year (2021) 

3.3.2 Dust 

The results from the individual dust monitoring in the initial monitoring (2016) and between 

2018 and 2021 are shown in Figure 5. There is little difference between dust loads across all sites 

between 2020 and 2021. There was no recorded difference in the dust loads within the AeS sites 

between the control and near mining plots (Figure 5). In the EcW sites, there was a minor 

decrease in the number of plants with moderate dust in the near mining, whereas there was no 

difference in the control sites between 2020 and 2021 (Figure 5). Finally, there was a minor 

increase in the number of plants with slight dust in the control plots, whereas in the near mining 

plots there was a decrease in the number of plants recorded with heavy dust (Figure 5).  
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Figure 5: Individual leaf dust levels in the initial year (2016), previous years (2019,2020) 

and current year (2021) 

3.4 Stenanthemum newbeyi Monitoring 

3.4.1 Health Condition 

There have been mixed results in the health condition of Stenanthemum newbeyi between 

2020 and 2021. Across all sites, despite no individual plants being classified as healthy, there 

was a general improvement in plant health between 2020 and 2021 (Figure 6). In the AeS near 

mining and control sites, there was an ~ 25% and ~ 35% decrease respectively in the number of 

plants being classified as stressed.  

In the AmjS near mining plots, there has been no difference in the overall health of S. newbeyi 

between 2019 and 2021 (Figure 6). In comparison, there has been a 69% decrease in the number 

of plants being classified as ‘stressed’ between 2020 and 2021 (Figure 6). As expected, the health 

of S. newbeyi is better in the control plots compared to the near mining plots.  

Finally, in the EcW sites there was a decrease (30%) in the number of stressed plants in the near 

mining plots, whereas in the control plots there was a increase in the number plants becoming 

stressed and very stressed between 2020 and 2021 (Figure 6). However, despite these increases, 

they are above the trigger values as defined in the Yilgarn Operations Flora and Vegetation 

Management Plan (Mineral Resources Limited, 2019).  
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Figure 6: Health condition of Stenanthemum newbeyi individuals monitored between 

2019-2021 

3.4.2 Dust Monitoring 

There were no recordable differences in the dust loads on the Priority flora species S. newbeyi 

in both the EcW control and near mining plot between 2020 and 2021 (Figure 7). In addition, as 

expected, the dust loads on plants within the control plots was lower.  

In the AmjS plot, there were minor reductions in dust loads recorded within the near mining 

plots between 2020 and 2021, whereas no difference was recorded in the control plots (Figure 

7).  

The observations in the AeS sites recorded no differences between 2020 and 2021 in the control 

plots. There was a minor reduction in the number of plants recorded with heavy dust in the AeS 

near mining plot. Similarly, to the EcW and AmjS sites, dust conditions were lower in the control 

plots compared to the near mining plots. The increase in dust levels across all sites since 2019 

likely reflects the recommencing of mining activities in 2020.  
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Figure 7: Leaf dust condition of S. newbeyi between the original (2012 and 2016), the 

previous monitoring 2019 and 2020 and most recent (2021) in all six sites 

3.5 Weeds 

Similarly, to 2020, no weeds were recorded in the monitored plots in 2021. 
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4 Discussion and Conclusions 

4.1 Vegetation Condition 

Except for the E. corrugata woodland sites which were rated as in ‘very good’ condition, the 

2021 monitoring indicated that all the plots are in ‘excellent’ health condition as defined by 

Keighery (1994). The little to no changes detected in the vegetation health since 2018 indicates 

that the current mining activities are not directly impacting the surrounding vegetation. In 

addition to the vegetation condition not significantly changing, no weed species were recorded 

in any plots.  

4.2 Individual Plant Condition 

The 2021 individual plant monitoring found mixed results compared to 2020. In general, 

individual plant health across all sites remained constant or was slightly lower than 

2020. However, when compared against 2019, individual plant health has improved. The 

fluctuation in health status likely reflects differences in rainfall and/or individuals undertaking 

surveys. Interestingly, the dust load levels were slightly higher across the sites (excluding the 

AeS site) in 2021 when compared with 2020, a trend which has continued since 2019. The 

increase in dust levels likely reflect an increase in mining activities.  

4.3 Stenanthemum newbeyi Condition 

There has been an overall health improvement of S. newbeyi in all sites except for the EcW 

control sites. However, when compared against the initial monitoring undertaken in 2012 and 

2016, all sites (controls and near mining) have undergone a decrease in vegetation health. 

Environmental factors such as rainfall are likely a key factor in plant condition and ongoing 

monitoring is required.  
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4.4 Comparison against Trigger Criteria 

The Flora and Vegetation Management Plan (MRL 2019) outlines trigger criteria that require 

further reporting and contingency actions for Rare Flora Taxa and Conservation Significant Flora. 

The following section compares the results of the monitoring against the relevant criterion. For 

Rare Flora Taxa and other conservation significant flora, reporting and contingency actions will 

be triggered if:  

Criteria 1 - Annual monitoring indicates a decline of greater than 15% in the plant 

condition at monitoring sites relative to reference sites and rainfall is >150mm between 

annual sampling dates (i.e. the change is unlikely to be a result of drought conditions). 

The monitoring found conservation significant flora condition showed an increase in 

2021 when compared to the 2020 monitoring across all sites except for the EcW control 

sites. As there has been small improvements in all sites, no contingency actions are 

required.  

This trigger criteria has not been met.  

Criteria 2 - Any direct effect on conservation significant flora occurs as a result of mining 

activities.  

Data indicates that conservation significant flora occurring within the monitoring area 

has not been affected by mining activities as results are consistent between control and 

near mine vegetation monitoring plots.  

This trigger criteria has not been met. 

Criteria 3 - Any significant short term (i.e. <1 year) decline in conservation significant 

flora is detected at any time.  

There has been no decline in the numbers of conservation significant flora. 

This trigger criteria has not been met. 

For Rare Flora Taxa, reporting and contingency actions will be triggered if: 

Criteria 4 - Annual monitoring indicates a spatial pattern of decreasing plant condition 

and/or higher mortality that may be related to proximity to mining operations.  

There is no evidence to suggest a spatial pattern of plant condition decline or increased 

mortality rates that are related to proximity of mining operations.  

This trigger criteria has not been met. 
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6 Report Disclaimer 

This report is produced strictly in accordance with the scope of services set out in the contract 

or otherwise agreed in accordance with the contract. 360 Environmental makes no 

representations or warranties in relation to the nature and quality of soil and water other than 

the visual observation and analytical data in this report.  

In the preparation of this report, 360 Environmental has relied upon documents, information, 

data, and analyses (‘client’s information’) provided by the client and other individuals and 

entities. In most cases where client’s information has been relied upon, such reliance has been 

indicated in this report. Unless expressly set out in this report, 360 Environmental has not 

verified that the client’s information is accurate, exhaustive, or current and the validity and 

accuracy of any aspect of the report including, or based upon, any part of the client’s information 

is contingent upon the accuracy, exhaustiveness, and currency of the client’s information. 

360 Environmental shall not be liable to the client or any other person in connection with any 

invalid or inaccurate aspect of this report where that invalidity or inaccuracy arose because the 

client’s information was not accurate, exhaustive, and current or arose because of any 

information or condition that was concealed, withheld, misrepresented, or otherwise not fully 

disclosed or available to 360 Environmental. 

Aspects of this report, including the opinions, conclusions, and recommendations it contains, 

are based on the results of the investigation, sampling and testing set out in the contract and 

otherwise in accordance with normal practices and standards. The investigation, sampling and 

testing are designed to produce results that represent a reasonable interpretation of the general 

conditions of the site that is the subject of this report. However, due to the characteristics of the 

site, including natural variations in site conditions, the results of the investigation, sampling and 

testing may not accurately represent the actual state of the whole site at all points.  

It is important to recognise that site conditions, including the extent and concentration of 

contaminants, can change with time. This is particularly relevant if this report, including the data, 

opinions, conclusions, and recommendations it contains, are to be used a considerable time 

after it was prepared. In these circumstances, further investigation of the site may be necessary. 

Subject to the terms of the contract between the Client and 360 Environmental Pty Ltd, copying, 

reproducing, disclosing, or disseminating parts of this report is prohibited (except to the extent 

required by law) unless the report is produced in its entirety including this page, without the 

prior written consent of 360 Environmental Pt
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1 Introduction 

In 2018, Mineral Resources Limited (MRL) acquired Cliffs Asia Pacific Iron Ore Pty Ltd.’s (Cliffs) 

Yilgarn Operations. This includes the facilities to mine iron ore from open cut pits at 

Koolyanobbing Range, Mt Jackson Range, Windarling Range and Deception, ore processing 

facilities at Koolyanobbing, and road and rail transport between these operations and 

Esperance. 

MRL continues to implement Revision 0 of the Flora and Vegetation Management Plan (FVMP) 

developed by Cliffs in accordance with Ministerial Statement 982. On the  

29 November 2020, MRL submitted a draft Revision 1 of the FVMP, requesting changes to the 

trigger criteria based on a peer review from Dr Van Etten. Revision 0 will be implemented until 

Revision 1 is approved. 

The purpose of the Yilgarn Operations Flora and Vegetation Management Plan (Cliffs Natural 

Resources 2016; Mineral Resources Limited 2019) is to outline the management actions that will 

be implemented to address the environmental risks and obligations associated with flora and 

vegetation; including potential impacts and management actions relevant to transport 

operations and the maintenance of the haul roads. 

Transport operations and haul road maintenance have the potential to result in dust emissions 

and dust-related impacts on vegetation adjacent to the haul road. In 2020, the Deception and 

Koolyanobbing Haul Roads were sealed. Haul road maintenance and dust suppression activities 

have proven effective in contributing to a reduction in the potential dust emissions from haul 

road use. The Flora and Vegetation Management Plan outlines an annual monitoring program 

that is used to identify any impacts on the native vegetation adjacent to the haul road. 

1.1 Objectives and Scope 

The objective of the haul road vegetation monitoring program is to monitor for changes in 

vegetation and flora condition that may be attributable to mining operations (e.g., from elevated 

dust levels). The objective of this report is to document and discuss the results of the 

2021 vegetation monitoring and compare these with the previous two years (2019 and 2020) of 

monitoring and the initial (2011) monitoring year. 
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Figure 1: Location of Haul Road Monitoring Plots 
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2 Methodology 

2.1 Plot Establishment 

The 2021 monitoring was conducted on the 2nd and 3rd of October and involved revisiting the 

27 plots established during the 2011 monitoring. In 2011, 20 m x 20 m plots were established at 

nine different locations along the haul road; with one plot located adjacent to either side of the 

haul road (East/West for the Koolyanobbing-Windarling haul road, North/South for the 

Mt Jackson haul road) and a control plot located approximately 100 m away from the haul road. 

The location of the plots is shown in Figure 1. 

All plots were marked with a metal fence dropper at each corner during initial establishment 

(2011). At each 20m x 20m plot, the following information was recorded during each year of 

monitoring: 

• Plot Identification 

• Monitoring Date 

• Personnel conducting monitoring 

• GPS location (GDA94) taken from NW corner of plot 

• Distance of plot from haul road (10m or 100m) 

• Landform and soil type 

• Photographic record taken from NW corner of plot 

• Vegetation Type. 

2.2 Monitoring 

The 2021 monitoring survey was undertaken in October 2021 whereby all 27 plots (from all nine 

locations) were revisited.  

2.2.1 Vegetation Condition Monitoring 

At each plot, a photographic record was undertaken from the NW corner and vegetation 

condition evaluated using the Keighery scale (Keighery 1994; Environmental Protection 

Authority 2016)(Table 1).  
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Table 1: Vegetation Condition Scale as developed by Keighery (1994) 

Code Description 

Pristine Pristine or nearly so, no obvious signs of disturbance. 

Excellent 
Vegetation structure intact, disturbance affecting individual species and 
weeds are non-aggressive species. 

Very Good 
Vegetation structure altered, obvious signs of disturbance. For example, 
disturbance to vegetation structure caused by repeated fires, the presence 
of some more aggressive weeds, dieback, logging and grazing. 

Good 

Vegetation structure significantly altered by very obvious signs of multiple 
disturbances. Retains basic vegetation structure or ability to regenerate it. 
For example, disturbance to vegetation structure caused by very frequent 
fires, the presence of some very aggressive weeds at high density, partial 
clearing, dieback and grazing. 

Degraded 

Basic vegetation structure severely impacted by disturbance. Scope for 
regeneration but not to a state approaching good condition without 
intensive management. For example, disturbance to vegetation structure 
caused by frequent fires, the presence of very aggressive weeds, partial 
clearing, dieback and grazing. 

Completely 
Degraded 

The structure of the vegetation is no longer intact, and the area is 
completely or almost completely without native species. These areas are 
often described as “parkland cleared’ with the flora comprising weed or crop 
species with isolated native trees or shrubs. 

2.2.2 Individual Species Monitoring 

Each individual species tagged in 2011 (up to six individual plants within each 20 m x 20 m plot) 

was revisited and given a health and dust ranking as per the categories shown in  

Table 2 and Table 3 respectively. General comments on the health of other individuals and 

species were also recorded where necessary. 

Table 2: Condition assessment criteria for selected individual plants 

Rating Description 

0 Plant is dead.  

1 
1-25% of foliage alive: Plant severely impacted. Appears to be on the verge of 
dying, large portions affected by negative health indicators 

2 
26-50% of foliage alive:  Moderate health impacts noticeable (i.e. significant 
drying out of leaves, multiple branches showing yellowing of leaves, individual 
branches dead). 

3 
51-75% of foliage alive: Small health impacts noticeable (i.e. slight drying out of 
leaves, yellowing of leaves, individual branches dead). 

4 76-100% of foliage alive:  No obvious signs of plant distress or negative impacts 
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Table 3: Dust categories used for monitoring selected flora individuals 

Rating Description 

No dust Plant does not have any level of dust covering, above what is normal for native 
plants in the region (0% dust foliage). 

Slight dust Plant has slight dust covering on leaves (Less than 25% of individual covered in 
dust. 

Moderate 
dust 

Plant has moderate dust covering of leaves and stem/branches (26-50% of 
individual covered in dust.  

Heavy dust Plant has heavy dust covering of leaves and stem/branches (51-75% of individual 
covered in dust) 

Very heavy 
dust 

Plant has very heavy dust covering of leaves and stem/branches (76-100% of 
individual covered in dust)  

2.2.3 Chlorophyll Fluorescence Assessment 

The photosynthetic efficiency of Photosystem II (Fv/Fm), commonly referred to as 

photosynthetic stress, is based on the maximum quantum yield of Photosystem II (Fv/Fm). 

Fv/Fm has been used widely as an indicator of plant stress (Percival 2005). The benefit of using 

PSII chlorophyll fluorescence is that it provides a replicable, quantitative and non-destructive 

assessment over other more commonly metrics used in condition (e.g., leaf color, dead/live leaf 

material) allowing for trends to be easily identified and actioned if possible (Ralph & Gademann 

2005). Typical Fv/Fm will range 0.6 to 0.7, with a maximum achievable level of 0.84. Fv/Fv range 

is generally species specific however, typically values below 0.6 often indicate stress, such as 

water, light, thermal or nutrient stresses, within the plant (Percival 2005; Ritchie 2006). As such, 

Fv/Fm assessment was added to the monitoring program in 2017.  

Fv/Fm measurements were conducted on all accessible plants (i.e. tall trees were excluded 

where branches could not be accessed) using a pocket Plant Efficiency Analyzer (PEA) 

(Hansatech 2006).  

A total of 126 individuals were assessed for photochemical stress. All measurements were dark 

adapted in accordance with the methods as outlined in Hansatech (2006). A clip was attached 

to one live leaf of each individual, to dark adapt the leaves/phyllodes prior to taking the reading.  

Using the Fv/Fm data, samples may be screened for stress factors which limit the photosynthetic 

performance of the individual (Hansatech 2006). 
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3 Results 

3.1 Climate 

Rainfall is an important driving factor in flora and vegetation health. Drought and small changes 

in microclimates such as the differences in heat exposure and wind and dust blocking the 

stomata can contribute to the decline in health or death in vegetation. As such, it is important 

to consider the amount of rainfall received prior to monitoring when comparing the health of 

vegetation from year to year. Rainfall data was collected at MRL’s rainfall gauge located within 

the Windarling development area. This gauge has been registered with the Bureau of 

Meteorology (BOM) and has been collecting rainfall data since 2004 (Station 12141).  

The monthly rainfall totals for the last two years (2019 and 2020), the initial year of monitoring 

(2010) and the current monitoring to October 2021 are shown in Figure 2. The Long-term 

average annual rainfall is 267 mm; however, rainfall is highly variable. In 2020, Windarling 

weather station recorded only 156.5 mm of rain, whereas in the 12 months prior to this 

monitoring session (October 20210 – September 2021) 349 mm of rain was recorded, including 

the highest rainfall totals on record in March, May and July 2021 (Figure 2) (Bureau of 

Meteorology 2021). These months accounted for more than two-thirds of the yearly rainfall for 

2021. 

 

Figure 2: Total monthly rainfall totals for the previous two monitoring seasons (2019 and 

2020) and the current monitoring (November 2020 – September 2021) season. Black line is 

the average monthly rainfall between 2004-2021 (Station number:12141) 
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3.2 Vegetation Condition 

As defined by Keighery (1994), the condition of the vegetation within all the monitoring sites in 

2021 was assessed as very good (Figure 3, Table 4). Compared to 2020, the 2021 monitoring 

found 25/27 (92%) plots exhibited a decrease in vegetation condition; from excellent to very 

good (Table 4). The remaining 2 plots showed no change between 2020 and 2021. Despite the 

overall decrease in vegetation between 2020 and 2021, the long-term trends between2011-

2021 show that only 7/27 (24%) plots have marginally decreased in vegetation condition (Table 

4). The remaining 20 plots have showed no overall change.  

When compared with 2019 data, Figure 3 shows that all plots in 2021 have declined in overall 

health condition. The reason for this is unknown, however 2020 was a particularly dry year, and 

many individuals may have not yet recovered after the substantial rainfall received in 2021 by 

the time the monitoring was undertaken (Figure 3). Despite these declines, all vegetation 

remains in a very good condition. A photographic time record of each plot is shown in 

Appendix A.  

Table 4: Vegetation condition monitoring results for 2021, comparing 2021 vs 2020 

(previous year) and 2021 vs 2011 (initial year). 

Plot 
Vegetation Ranking 

2021 
Change from 2020 - 

2021 
Change from 2011 - 

2021 

1 (West) Very Good Decrease No Change 

2 (Control) Very Good Decrease No Change 

3 (East) Very Good Decrease Decrease 

4 (East) Very Good Decrease Decrease 

5 (Control) Very Good Decrease Decrease 

6 (West) Very Good Decrease No Change 

7 (West) Very Good Decrease No Change 

8 (Control) Very Good Decrease No Change 

9 (East) Very Good Decrease No Change 

10 (West) Very Good No Change Decrease 

11 (East) Very Good No Change No Change 

12 (Control) Very Good Decrease No Change 

13 (West) Very Good Decrease No Change 

14 (Control) Very Good Decrease No Change 

15 (East) Very Good Decrease No Change 

16 (West) Very Good Decrease Decrease 

17 (Control) Very Good Decrease No Change 

18 (East) Very Good Decrease No Change 

19 (South) Very Good Decrease Decrease 
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Plot 
Vegetation Ranking 

2021 
Change from 2020 - 

2021 
Change from 2011 - 

2021 

20 (Control) Very Good Decrease Decrease 

21 (North) Very Good Decrease No Change 

22 (South) Very Good Decrease No Change 

23 (Control) Very Good Decrease No Change 

24 (North) Very Good Decrease No Change 

25 (North) Very Good Decrease No Change 

26 (Control) Very Good Decrease No Change 

27 (South) Very Good Decrease No Change 

 

3.3 Individual Species Monitoring 

3.3.1 Health Monitoring 

Since 2011, annual monitoring has been undertaken to assess the health of individual plants 

within each plot (n=27 plots). In 2021, there was an overall improvement in the individual plants 

monitored when compared to 2020 (Figure 4). All individuals that were recorded as dead over 

two consecutive monitoring periods were replaced as per the monitoring guidelines. The 

greatest improvements were seen in the West and North plots (Figure 4), whereby monitoring 

recorded a 14% and 27% increase in the number very healthy plants (76-100% foliage) compared 

to 2020. In comparison, the least healthy plots compared to 2020 are the south and ‘all adjacent 

to the haul road’ plots (Figure 4). When compared against the initial monitoring undertaken in 

2011, all plots have shown a decrease of at least 20% (in some cases up to 50%) in the number 

of very healthy plants (Figure 4).  

Figure 3: The vegetation condition of each of the sites in the initial (2011), previous  

(2019 and 2020) and the current year of monitoring 
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Figure 4: Individual plant condition from the initial (2011), previous (2019 and 2020) and 

the current year (2021) 

 

3.3.2 Dust Monitoring 

Since 2011, annual monitoring has been undertaken to assess the dust levels on individual plants 

within each plot (n=27 plots). In 2021, there was an overall improvement (i.e., less dust 

recorded) in the individual plants monitored when compared to 2020 (Figure 5). The 

2021 monitoring found that > 95% of the individuals across all sites recorded no dust, which is 

an improvement by over 10% (85%) since 2020. The only locations that recorded dust on the 

foliage was the west site and the adjacent haul sites, however both these sites recorded <25% 

dust and it was improvement from 2020 (Figure 5). Importantly, when compared against the 

initial monitoring in 2011, all sites have shown an improvement in the dust levels recorded 

(i.e., less dusty). 

 

Figure 5: Dust monitoring results of individual species from the initial (2011), the previous 

years (2019 and 2020) and the current year (2021)
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3.3.3 Chlorophyll Fluorescence Monitoring  

Since 2017, the quantum yield of PSII (Fv/Fm) has been included as a monitoring parameter. In 

2021, Fv/Fm was lower at all sites compared to 2020 (Figure 6). Fv/Fm was lowest at the East 

site (0.49), whereas the highest (0.56) was at the West and Haul Road sites (Figure 6).  Finally, 

there has been a gradual decrease at all sites since the initial monitoring in 2017, and as of 

2021, all sites are considered in stress, as Chlorophyll FV levels are all below 0.6 (Figure 6). 

 

Figure 6: Recorded chlorophyll fluorescence levels since 2017 (initial), previous (2019 and 

2020) and current monitoring (2021) across the six locations 
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4 Discussion and Conclusion 

4.1 Vegetation Condition 

The results from the 2021 monitoring found all sites showed a decrease in health condition 

compared with 2020. However, despite this decrease in vegetation condition, all sites remain in 

at least a very good condition. The definite reasons are not known for this, however mining of 

the Mount Jackson deposit recommenced in 2020 and this may have contributed to the minor 

decreases in health condition. Rainfall in these bioregions is considered the most important 

driver of vegetation health, however rainfall was the highest on record, therefore it is highly 

unlikely rainfall or drought contributed to the declines observed. Ongoing monitoring will 

provide better information on how rainfall influences vegetation health. 

4.2 Individual Plant Condition 

In contrast to vegetation health (see above), the 2021 individual health monitoring found that 

individuals across all sites showed signs of improved health compared to 2020. The healthiest 

plots are those located north of the haul road and the control plots. There was little difference 

across sites in the number of recorded plant deaths between 2020 and 2021, however, two 

additional plant deaths were recorded; one each in the South and the Haul Road sites. However, 

despite these improvements to individual plant health within the past monitoring year, which is 

likely attributable to the record rains, when compared against 2011 there has been overall 

declines in individual plant health. With the above average rainfall in 2021, ongoing monitoring 

in 2022 will provide information on how plant health responds to rain over time. 

In 2021, there were improvements in the amount of dust recorded on individual plants. Over 

98% of individuals across all plots recorded no dust except for the southern site which recorded 

no dust on 95% of the individuals. Importantly, the amount of dust is less than when recording 

began in 2011 and this likely reflects the haul road being sealed.  

In 2021, the monitoring of chlorophyll fluorescence decreased from the average values of 

0.62 to 0.73 in 2020 to 0.49 to 0.56 across all sites in 2021. In contrast to 2020 whereby all 

vegetation adjacent to the transport corridor was in a healthy condition, 2021 has exhibited 

plants under stress (Percival 2005; Ritchie 2006).  

In conclusion, the 2021 monitoring found the vegetation and individuals plants to be in an 

overall healthy condition with minimal or no dust cover. Vegetation adjacent to the haul road 

was found to be in a similar condition to the control plots with an improvement in individual 

health since the 2020 monitoring period. However, across all sites there is a decline in vegetation 

and individual health condition since 2011. Specific cause of the observed changes are unknown, 

however as the vegetation condition varies considerably between years, it’s likely the 

consistency and amount of rainfall heavily influences vegetation condition and health. There is 

no evidence to show that current haul road activities are negatively impacting vegetation health. 

Ongoing annual monitoring will continue to monitor the potential impacts that the haul road 

might be having on vegetation health.  
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4.3 Comparison of Results against Trigger Criteria 

The Flora and Vegetation Management Plan (2019) outlines trigger criteria that require further 

reporting and contingency actions for Rare Flora Taxa and Conservation Significant Flora. The 

following section compares the results of the 2021 monitoring against the relevant trigger 

criteria: 

Criteria 1 - Annual monitoring indicates a decline of greater than 15% in plant condition 

at monitoring sites relative to reference sites and rainfall >150mm between annual 

sampling dates (i.e. the change is unlikely to be a result of drought conditions). 

Within the monitoring plots, no flora meets the definition of “conservation significant 

flora” as defined in the Flora and Vegetation Management Plan (2019) and therefore 

are not subject to the trigger criteria.  

This trigger criteria has not been met. 

Criteria 2 - Any direct effect on conservation significant flora occurs as a result of YILP’s 

mining related activities. 

No conservation significant flora has been affected as a result of YILP’s mining related 

activities. 

This trigger criteria has not been met. 

Criteria 3 - Any significant short term (i.e. <1 year) decline in conservation significant 

flora is detected any time. 

There has been no detected decline in conservation significant flora within the study 

area. 

This trigger criteria has not been met. 
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6 Report Disclaimer 

This report is produced strictly in accordance with the scope of services set out in the contract 

or otherwise agreed in accordance with the contract. 360 Environmental makes no 

representations or warranties in relation to the nature and quality of soil and water other than 

the visual observation and analytical data in this report.  

In the preparation of this report, 360 Environmental has relied upon documents, information, 

data and analyses (“client’s information”) provided by the client and other individuals and 

entities. In most cases where client’s information has been relied upon, such reliance has been 

indicated in this report. Unless expressly set out in this report, 360 Environmental has not 

verified that the client’s information is accurate, exhaustive or current and the validity and 

accuracy of any aspect of the report including, or based upon, any part of the client’s information 

is contingent upon the accuracy, exhaustiveness and currency of the client’s information. 

360 Environmental shall not be liable to the client or any other person in connection with any 

invalid or inaccurate aspect of this report where that invalidity or inaccuracy arose because the 

client’s information was not accurate, exhaustive and current or arose because of any 

information or condition that was concealed, withheld, misrepresented, or otherwise not fully 

disclosed or available to 360 Environmental. 

Aspects of this report, including the opinions, conclusions and recommendations it contains, are 

based on the results of the investigation, sampling and testing set out in the contract and 

otherwise in accordance with normal practices and standards. The investigation, sampling and 

testing are designed to produce results that represent a reasonable interpretation of the general 

conditions of the site that is the subject of this report. However, due to the characteristics of the 

site, including natural variations in site conditions, the results of the investigation, sampling and 

testing may not accurately represent the actual state of the whole site at all points.  

It is important to recognise that site conditions, including the extent and concentration of 

contaminants, can change with time. This is particularly relevant if this report, including the data, 

opinions, conclusions and recommendations it contains, are to be used a considerable time after 

it was prepared. In these circumstances, further investigation of the site may be necessary. 

Subject to the terms of the contract between the Client and 360 Environmental Pty Ltd, copying, 

reproducing, disclosing or disseminating parts of this report is prohibited (except to the extent 

required by law) unless the report is produced in its entirety including this page, without the 

prior written consent of 360 Environmental Pty Ltd.
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APPENDIX K – LOCATION OF CALYRIX VISCIDA 
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EXECUTIVE SUMMARY 

Mineral Resources Limited (MRL) operates the Mount Jackson iron ore mine (the Project), located 
approximately 110 km north of Southern Cross. The Project is part of the larger Yilgarn Operations, 
which includes exploration and mining operations at the Koolyanobbing Range, Windarling Range and 
Johnston Range (Deception Deposit). 

Annual Malleefowl monitoring is conducted at Mount Jackson, as required under sections 7-10 of the 
Yilgarn Operations Fauna Management Plan (FMP). Phoenix Environmental Sciences Pty Ltd (Phoenix) 
was commissioned by MRL to undertake the annual Malleefowl monitoring survey for the Project for 
the 2021 monitoring season. The purpose of the survey was to assess the activity status of Malleefowl 
mounds within the Project’s Malleefowl mound monitoring area to evaluate any change in mound 
status. 

Field work to determine the activity of 148 known mounds was conducted between 23–30 November 
2021. Of these known mounds, 146 were scheduled to be monitored and two were visited 
opportunistically. During the field survey, an additional 15 potential mounds detected by LiDAR were 
ground-truthed and checked for activity. Activity at each mound was assessed using criteria laid out 
in the National Malleefowl Monitoring Manual (NMMM), with mounds classified as active, inactive, 
or long unused. The inactive classification was broken down into two sub-classes (sub-class 1 and sub-
class 2) to provide a more precise description of the level of Malleefowl activity. Mound classification 
was based on the following definitions: 

• Active; currently being used by Malleefowl as an incubator for their eggs or is likely to contain 
eggs. 

• Inactive (sub-class 1); mound shows signs of recent Malleefowl activity, such as scats, tracks 
or fresh scrapings. 

• Inactive (sub-class 2); no evidence of recent activity but mound remains well formed and in 
good condition for future use. 

• Long unused; evidence of an extended period of inactivity such as dense shrubs or trees 
growing from hollow or mound very degraded/poorly formed. Highly unlikely to become 
active in the future. 

• Extinct: mound is undetectable or barely perceptible in the landscape. Mound is highly 
unlikely to become active in the future and should be considered for removal from the 
monitoring rotation. 

A Malleefowl habitat assessment was also conducted at all mounds. 

A total of 148 known mounds were assessed in 2021, with 18 were classified as active, three as inactive 
(sub-class 1), 47 as inactive (sub-class 2), and 75 as long unused. Of the 75 long unused mounds, 44 
are recommended for listing as extinct and one is already listed as extinct. Five mounds were listed as 
not found. 

Fifteen additional potential mounds were detected by LiDAR and ground-truthed during the survey, 
of which 13 were mounds and two were not mounds. Of the 13 mounds, three were classified as 
inactive (sub-class 2) and ten were classified as long unused. Of the ten long unused mounds, three 
are recommended for listing as extinct. 

The increase in the number of active mounds from two in 2020 to 18 in 2021 represents an increase 
of 900% in the number of known active mounds in the monitoring area. This increase in activity 
correlates with improved breeding conditions, with winter rainfall increasing significantly between 
2020 and 2021. The Animal Sightings Register (ASR), maintained by MRL, recorded the lowest number 
of sightings since 2009. 
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The increase in breeding activity between 2020 and 2021 does not meet or exceed the trigger criterion 
of a 35% decline in the number of known Malleefowl mounds, without a decline of a similar magnitude 
in the ASR. Additionally, there does not appear to be any spatial pattern of decreased breeding activity 
closer to mining operations. As such, the performance indicators that apply to the FMP have been met 
and no response actions are required. 

It is recommended that the use of the ASR for assessing compliance is reconsidered for future years 
due to the inconsistent and unreliable nature of the data collected. Additionally, it is recommended 
that extinct mounds be removed from the monitoring list and potential mounds detected by LiDAR 
are ground-truthed and added in to the monitoring program, where appropriate. 
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1 INTRODUCTION 

Mineral Resources Ltd (MRL) operates the Mount Jackson iron ore mine (the Project), located 
approximately 110 km north of Southern Cross in the Goldfields region of Western Australia (WA; 
Figure 1-1). The Project falls within the Shire of Yilgarn and the Southern Cross (COO2) subregion of 
the Coolgardie bioregion. The Project is part of the larger Yilgarn Operations which includes but is not 
limited to exploration and mining operations at the Koolyanobbing Range, Windarling Range and 
Johnston Range (Deception Deposit). 

Annual Malleefowl monitoring is conducted at Mount Jackson, as required under sections 7-10 of the 
Yilgarn Operations Fauna Management Plan (FMP; Mineral Resources Ltd 2019). In July 2021, Phoenix 
Environmental Sciences Pty Ltd (Phoenix) was commissioned by MRL to undertake the annual 
Malleefowl monitoring for the Project for the 2021 season. 

1.1 COMPLIANCE REQUIREMENTS 

The FMP was prepared, and is required to be implemented, to comply with Condition 9 of ministerial 
statement (MS) 982 (Western Australian Minister for Environment 2014), Condition 8 of EPBC 
2001/174 (Minister for the Environment and Heritage 2003) and Condition 2 of EPBC 2008/4449 
(DotEE 2016) (Table 1-1). Under the ministerial conditions, MRL is required to monitor and report 
potential impacts of mining on conservation significant species, including Malleefowl. 

The monitoring plan detailed within the approved FMP requires annual monitoring of 69 mounds 
known as ‘core mounds’, with all other mounds to be monitored when time and resources permit 
(once every three years as a target frequency) (MRL 2019). 

The FMP contains the following environmental criteria for Malleefowl mound activity, which if 
exceeded, initiate response actions: 

• Annual monitoring indicates a decline in Malleefowl breeding activity (as measured by the 
number of active core mounds) of >35% between consecutive years, and a decline of similar 
magnitude is not reflected in the Animal Sightings Register (ASR). 

• Annual monitoring indicates a consistent pattern of decline in Malleefowl breeding activity 
over a timeframe of three years or more and a similar decline is not reflected in the sightings 
register. 

• Annual monitoring indicates a spatial trend of declining breeding activity that may be related 
to proximity to mining operations. 
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Table 1-1 MS 982, EPBC 2001/174 and EPBC 2008/449 conditions relating to this report 

Condition 
number 

Condition 

MS 982 

9-1 The proponent shall ensure that the implementation of the proposal is carried out in a manner 
that minimises the direct and indirect impacts to conservation significant fauna through 
implementation of the Fauna Management Plan required by conditions 9-2 and 9-3. 

9-3 The Fauna Management Plan shall include: 

(1) the management actions, targets and/or criteria to be applied to avoid and/or minimise the 
environmental impacts to conservation significant fauna, including Malleefowl (Leipoa 
ocellata), from processes including, but not limited to, land clearing, changes in surface water 
flows, introduced flora (weeds), dust, fire, saline water and introduced fauna resulting from 
implementation of the proposal; and 

(2) monitoring to measure and report the performance of management actions against the 
targets and/or criteria identified in Condition 9-3(1). 

9-4 The proponent shall implement the Fauna Management Plan required by Condition 9-2, and 
continue implementation unless otherwise agreed by the CEO, on the advice of Parks and 
Wildlife. 

9-5 In the event that monitoring undertaken in accordance with Condition 9-3 indicates a decline in 
the health or abundance of conservation significant fauna, including Malleefowl (Leipoa 
ocellata), populations within the proposal area: 

(1) report such findings to the CEO within 21 days of the decline being identified; 

(2) provide information which allows determination of the cause of the decline; 

(3) submit actions to be undertaken to remediate the decline to the CEO within 21 days of the 
determination being made by the CEO if the decline is determined by the CEO to be a result of 
activities undertaken in implementing the proposal; and (4) implement the actions to 
remediate the decline of conservation significant fauna upon approval of the CEO, on advice of 
Parks and Wildlife, and shall continue until such time as the CEO, on advice of Parks and 
Wildlife, determines that the remedial actions may cease. 

9-6 Revisions to the Fauna Management Plan may be approved by the CEO on the advice of Parks 
and Wildlife. 

EPBC 2001/174 

8 To manage the impacts on the Leipoa ocellata (Malleefowl) the person taking the action must 
implement the Fauna Management Plan approved in the accordance with Condition 9 of the 
Western Australian Ministerial Statement Number 982. 

EPBC 2008/4449 

2 To manage the impact on the Leipoa ocellata (Malleefowl) the person taking the action must 
implement the Fauna Management Plan approved in accordance with Condition 9 of the 
Western Australia Ministerial Statement 982. 
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1.2 MONITORING PROGRAM OVERVIEW 

Malleefowl monitoring has been conducted at Mount Jackson since 2003, with the total number of 
known mounds now exceeding 400. Of these, 258 are still on the monitoring list, with the others being 
removed after being classified as extinct or being unlocatable. Due to the impracticality of monitoring 
this many mounds each year, the dataset is broken into several subsets; annual monitoring mounds, 
core +5 mounds (monitored annually) and three-yearly monitoring mounds. The three-yearly mounds 
are split into three groups (1YM, 2YM and 3YM) with one group monitored each year. Over a three-
year period, all mounds are monitored. 

Ecologia (2003) developed the Malleefowl Conservation Plan for the area in 2003, which initiated the 
annual monitoring surveys that started in 2004. From 2004 to 2011, monitoring was conducted 
following the methods detailed in Bamford Consulting Ecologists (2005) and the National Manual for 
the Malleefowl Monitoring System; Standards, Protocols and monitoring Procedures (Natural Heritage 
Trust 2007). In 2013, Biostat took over the monitoring program and introduced a new survey 
methodology and revised the monitoring schedule which was in place until 2019 (Biostat 2013). 

The Mt Jackson Malleefowl monitoring program provides an indirect measure of population size by 
identifying the number of active breeding mounds within a fixed area (MRL 2019). Based on the 
information from breeding activity in recent years, the local Malleefowl population at Mount Jackson 
is estimated to be comprised of up to 30 breeding pairs (MRL 2019). 

The ASR is maintained for the wider Yilgarn Operations and MRL’s Parker Range Iron Ore Project to 
the south, to provide general information on Malleefowl abundance in the area. The aim of the ASR is 
to provide a point of comparison to determine if changes in breeding activity at the Project are 
reflected in the rate of animal sightings in the region. The ASR forms part of the trigger criterion on 
the FMP for the Project. 

1.3 SCOPE 

The scope of work for the annual Malleefowl monitoring as follows: 

• Undertake annual monitoring of Malleefowl mounds identified as requiring monitoring from 
the monitoring list. 

• Complete Malleefowl habitat assessments at all monitored mound sites to determine habitat 
type and quality. 

• Compare and discuss data collected in this survey with that of previous surveys (2013 - 2020) 
in relation to the trigger criteria outlined in the FMP. This includes reporting of fauna 
interactions based on the ASR maintained for the Project. 

All Malleefowl mound monitoring was assessed in alignment with the National Malleefowl Monitoring 
Manual (NMMM) (National Malleefowl Recovery Team 2020) developed by the National Malleefowl 
Recovery Team. 

1.4 MONITORING AREA 

The monitoring area is approximately 17,672 hectares and features five monitoring zones with varying 
proximities to the J1 pit, which is where Project operations are concentrated (Figure 1-2). It is 
characterised by a system of hills and ridge lines that descend into thick Allocasuarina shrubland, 
where the majority of mounds are located.   
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1.5 CLIMATE AND WEATHER 

The climate of the Southern Cross subregion is described as an arid to semi-arid warm Mediterranean 
climate with 250-300 mm of mainly winter rainfall (Cowan et al. 2001). The nearest Bureau of 
Meteorology (BoM) weather station with comprehensive data collection and recent historic climate 
data is Southern Cross Airfield (no. 012320, Latitude: 31.24°S Longitude 119.36°E), located 110 km 
south of the monitoring area. 

Southern Cross Airfield records the highest mean maximum monthly temperature (34.7°C) in January 
(lowest in July, 16.7°C) and the lowest minimum mean monthly temperature (3.6°C) in July (highest in 
January, 17.8°C) (BoM 2021) (Figure 1-3). Average annual rainfall is 306 mm with March and July 
recording the highest monthly averages (36.1 and 35.1 mm respectively; Figure 1-3). These two rainfall 
peaks reflect the influence of late-summer cyclonic events (variable in timing and intensity) and winter 
rainfall typical of Mediterranean climate zones. 

Daily mean temperatures at Southern Cross Airfield in the 12 months preceding the survey were 
consistent with the long-term average (BoM 2021) (Figure 1-3). Immediately prior to the survey, over 
October and November, the average daily maximum and minimum temperatures were 1.0°C and 
1.8°C higher than the long-term average, respectively (BoM 2021) (Figure 1-3). 

In the 12 months preceding the survey, the Southern Cross Airfield recorded 313mm of rain, which is 
8.9 mm higher than the long-term average and 22mm higher than that received in the 12 months 
preceding the 2020 survey. Total winter rainfall (May to September) in 2021 was 7.5 mm (5.4%) higher 
than the long-term average for that time-period (Figure 1-3) and 38 mm (34%) higher than that 
received over the same period in 2020 (BoM 2021). 

Windarling, located approximately 25 km north of the Project, has also been recording rainfall data 
daily since 2014. Whilst Windarling is also an official BoM station, rainfall was recorded inconsistently 
prior to 2014, making the measurements suitable for long-term trend analysis. However, Windarling 
is located significantly closer to the Project than Southern Cross so provides a more accurate record 
of rainfall at Mount Jackson. In 2021, Windarling recorded a total of 377 mm of rainfall, which is 
208.8 mm more than that recorded in 2020. Of this, 107.9 mm was winter rainfall. 
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Figure 1-3 Annual climate and weather data for Southern Cross Airfield (no. 012320) and 
mean monthly data for the 12 months preceding the survey (BoM 2021) 
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2 METHODS 

The annual Malleefowl monitoring survey was conducted in accordance with the NMMM, where 
appropriate (National Malleefowl Recovery Team 2020). The field survey was conducted by zoologists 
Caitlin Nagle, Paula Strickland, Brendan Thomson and William Purser. 

According to the NMMM, monitoring should ideally be conducted between October and early January 
(National Malleefowl Recovery Team 2020). The survey was conducted from 27/11/2021 – 
01/12/2021. 

Field methods for the annual Malleefowl monitoring survey included: 

• Malleefowl mound activity assessment (2.1.1) 

• Malleefowl habitat assessment (2.1.2). 

A total of 146 Malleefowl mounds were due to be assessed in 2021 based on the monitoring frequency 
detailed by Biostat (2019). Of these, 57 were annual monitoring mounds, 19 were core +5 mounds 
and 70 were Y3 mounds (monitored three-yearly). An additional 15 potential mounds detected by 
LiDAR in 2020 were ground-truthed during the survey. 

Prior to the commencement of the field surveys, data including satellite imagery, survey boundary, 
and mound locations were loaded onto electronic field devices. Details about mound activity, along 
with habitat assessments for the new mound, were recorded digitally. GPS coordinates for all mounds 
were taken to allow for mound locations to be cross referenced and mapped. 

2.1.1 Malleefowl mound activity assessment 

A total of 148 known and 15 potential Malleefowl mounds were visited on foot to determine mound 
activity status. These included 146 mounds scheduled to be monitored, two mounds visited 
opportunistically, and 15 potential mounds detected by LiDAR. Mounds were classified as either 
active, inactive or long unused based on evidence of Malleefowl activity (Table 2-1), as per the NMMM 
(National Malleefowl Recovery Team 2020). A number of mound characteristics were recorded to 
assist in classifying the activity level of mounds and provide further information on mound form (Table 
2-2). A photograph was taken of each mound for future reference, if required.  

The inactive classification was broken down into two sub-classes (sub-class 1 and sub-class 2) to 
provide a more precise description of the level of Malleefowl activity and to lend support to 
assessment of changes in activity. The inactive (sub-class 1) classification (i.e. mound shows signs of 
recent Malleefowl activity, such as scats, tracks or fresh scrapings) does not confirm breeding events 
took place but provides a proxy measure of potential activity. 

The proximity of mounds to the J1 pit was calculated, as this is the most active area of the Mount 
Jackson mine. The aim of this was to determine if proximity to active operations was affecting 
Malleefowl mound activity. 

The results of the 2021 mound activity assessment were compared to those of previous years to assess 
changes and trends in Malleefowl breeding activity. Previous reports have broken down the larger 
mound dataset into subsets called the Impact Assessment Program (IAM) and the Adaptive 
Management program (AM). The IAM aimed to assess the impact of mining on Malleefowl by 
monitoring a subset of mounds at different distances to the J1 pit, which is the main source of activity 
at the Project (Biostat 2013). The AM was introduced in 2019, alongside the National Malleefowl 
Recovery Team, to test the impact of introduced predator baiting programs on mound activity (Biostat 
2019). The AM involved MRL staff monitoring all mounds within a designated AM zone. In this report, 
the analysis of activity over years used the whole mound dataset for the Project, rather than just 
mounds included in the IAM or AM. This was to provide a more holistic overview of activity at the 
Project. As such, references to the number of mounds monitored in previous years may not match the 
published monitoring reports.   
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Table 2-1 Mound status classification 

Mound 
Status 

Definition 

Active Currently being used by Malleefowl as an incubator for their eggs and are likely to contain 
eggs. 

Inactive  
(sub-class 1)* 

Mound shows signs of recent Malleefowl activity, such as scats, tracks or fresh scrapings. 

Inactive  
(sub-class 2)* 

No evidence of recent activity but mound remains well formed and in good condition for 
future use. 

Long unused Evidence of an extended period of inactivity such as dense shrubs or trees growing from 
hollow or mound very degraded/poorly formed. Highly unlikely to become active in the 
future. May qualify for listing as extinct. 

* Sub-class 1 & 2 have been defined by Phoenix to allow for a monitorable dataset, in-line with the FMP. 

Table 2-2 Mound characteristics 

Criterion Definition 

Scaped Whether or not the surface of the mound has recently been disturbed. Refers to the entire 
surface of the mound and not isolated diggings or scratchings. 

X-sticks Whether or not x-sticks (2 or 3 sticks placed in a cross) from last visit are still present. 

Lerps Whether or not there are lerps (a white waxy material produced by tiny sap-sucking scale 
insects called Psyllids) on the mound. 

Eggshells The presence of eggshell on the mound. 

Profile The shape of the mound, which is assigned a number from 1 to 7 based on characteristics 
described in the NMMM.  

MF tracks Whether or not there are visible Malleefowl tracks on the mound. 

Fox tracks Whether or not there are visible fox tracks on the mound. 

Roo tracks Whether or not there are visible kangaroo tracks on the mound. 

Other tracks Whether or not there are visible tracks on the mound from another animal not listed above. 

MF scats Whether or not there are Malleefowl scats on the mound. 

Inner crust Whether or not the sand has formed a crust on the surface of the mound.  

Inner moss Whether or not there is lichen/moss on the inner surface of the mound. 

Inner herbs Whether or not there are herbs present on the inner surface of the mound.  

Height north The height of the rim above ground level on the northern side of the mound. 

Height south The height of the rim above ground level on the southern side of the mound. 

Crater depth The depth from the base of the crater to the top of the rim.  

Outer 
diameter 

The distance from northern outer edge to the southern outer edge of the mound. 

Rim diameter The distance from the northern edge of the rim to the southern edge of the rim.  
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2.1.2 Malleefowl habitat assessment 

Malleefowl habitat was assessed at all mounds visited to provide a broad overview of the habitat types 
used by Malleefowl in the monitoring area. The habitat descriptions used a set of environmental 
variables based on features of critical Malleefowl habitat in Western and Central Australia, as 
described in the National Recovery Plan (Benshemesh 2007). Individual sites were assessed with a 
numerical score as a basis for mapping areas of suitable habitat in the monitoring area. The score used 
is an unweighted sum of binary values (0 absent, one present) for the following attributes: 

• sandy substrate (sand/sandy loam/sandy clay) 

• litter (leaf litter forming distinct patches under trees/shrubs or - rarely in this area - 
continuous blanket over soil) 

• canopy (tall shrubs or trees forming a more or less continuous canopy, contributing to 
suitable ground microclimates and screen from aerial predators) 

• level (ground approximately level, tending to prevent disturbance of soil and litter by rainfall 
runoff) 

• mallee (presence of any mallee-form Eucalyptus sp.) 

• Melaleuca (presence of any Melaleuca sp.) 

• mulga s. l. (presence of any Acacia sp. of the aneura group) 

• Triodia (presence of any Triodia sp.). 

Scores of four or greater (meaning a site contained at least 50% of features that comprise critical 
Malleefowl habitat) were considered to represent potential Malleefowl habitat. 

Various habitat attributes were assessed and recorded to describe the habitat type associated with 
the site (Table 2-3). 

Table 2-3 Habitat features recorded during site habitat descriptions 

Habitat feature Description 

Habitat type Dominant vegetation type of surrounding area e.g. mallee woodland, shrubland.  

Habitat description Dominant flora species present in the landscape. 

Topography of 
landscape 

Landscape type e.g. hill slope, hilltop, plain, undulating plain.  

Soil type Primary soil type surrounding mound e.g. sandy loam, clay, gravel or a 
combination. 

Soil colour Colour of soil surrounding mound e.g. red, yellow, grey or a combination. 

Rock type (if present) Type of rock found around mound e.g. ferrous, sandstone.  

Total vegetation cover Percent of landscape covered by vegetation. 

Tree cover >2m Percent of landscape covered by trees over 2 m in height. 

Tree cover <2m  Percent of landscape covered by trees under 2 m in height. 

Shrub cover Percent of ground covered by shrubs. 

Herb cover Percent of ground covered by herbs. 

Evidence of disturbance Evidence of feral animals, clearing, vehicle tracks, exploration, litter or livestock. 

Fire history Estimate of time since last fire (pre or post 5 years previous). 
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3 RESULTS 

3.1 MALLEEFOWL ACTIVITY 

Of the 148 known mounds assessed in 2021, 18 were classified as active, three as inactive (sub-class 
1), 47 as inactive (sub-class 2), 75 as long unused. Of the 75 long unused mounds, 44 are recommended 
for listing as extinct, and one is already classified as extinct and was visited opportunistically. Five 
mounds were listed as not found (Figure 3-1; Appendix 1). A photograph of each mound is provided 
in Appendix 2.  

Of the 15 potential mounds detected by LiDAR that were ground-truthed during the survey, 13 were 
mounds and two were not mounds. Of the 13 mounds, three were classified as inactive (sub-class 2) 
and ten were classified as long unused. Of the ten long unused mounds, three are recommended for 
listing as extinct. 

In comparison, in 2017, 2018, 2019 and 2020 there were 20, 22, 14 and 2 active mounds recorded, 
respectively (Figure 3-2). All mounds classified as active in previous years are now annual monitoring 
mounds and were assessed again this year. 

Of the 18 mounds classified as active this year: 

• two were most recently classified as active in 2020 

• six were most recently classified as active in 2019 

• four were most recently classified as active in 2018 

• two were most recently classified as active in 2017 

• two were most recently classified as active in 2016 

• one was most recently classified as active in 2012 

• one has not been classified as active during the available monitoring history (2003 – 
present). 

Of these, 17 are annual monitoring mounds and one was a Y3 monitoring mound. The active Y3 mound 
will be added to the annual monitoring list. 

Of the 48 mounds that are recommended for listing as extinct, two are annual monitoring mounds, 31 
are monitored three-yearly, 11 are core +5 mounds, one was an opportunistic visit of a mound already 
listed as extinct and three are LiDAR mounds that were checked for the first time in this monitoring 
round. 

Since monitoring began in 2003, the percentage of mounds monitored that were found to be active 
has ranged from 1% up to 23%, with the average being roughly 10%. This year, 12.3% of the known 
mounds monitored were found to be active (not including the LiDAR mounds or the two mounds 
monitored opportunistically). The increase in the number of active mounds from two in 2020 to 18 in 
2021 represents an increase of 900% in the number of known active mounds in the monitoring area. 

3.2 PROXIMITY OF MOUNDS TO J1 PIT 

The active mounds are scattered throughout the monitoring area and ranged in proximity to the J1 pit 
from 1.9 km to 20.6 km, with no apparent pattern to their dispersal (Figure 3-1). 
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Figure 3-2 Active Malleefowl mounds by year at Mount Jackson 

3.3 ANIMAL SIGHTINGS REGISTER 

Based on the ASR, a total of nine Malleefowl sightings and no deaths were recorded throughout the 
wider Yilgarn Operations during 2021. This is the lowest number of sightings recorded since 2009 
(Figure 3-3). One of the sightings was of a pair of birds (counted as two sightings). One of the sightings 
was at Mount Jackson. 

 

Figure 3-3 Yearly Malleefowl sightings/deaths recorded in the Animal Sightings Register 
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3.4 HABITAT ASSESSMENTS 

Site descriptions were taken at all mound locations (161), of which two thirds were in shrubland 
(66.3%), with the remainder split between mallee woodland (19.0%), open woodland (12.9%) and 
woodland (0.6%; Appendix 3). Mounds were commonly found on flat or gently sloping plains of open 
or scattered mallee over dense Allocasuarina shrubland with near continuous canopy cover on loose 
substrate. 

All mounds were located in areas that have remained unburnt for over five years. Of the mounds 
surveyed, the vast majority (98.8%) were in habitat that scored four or more out of eight when 
assessed using criteria for Malleefowl breeding habitat suitability (Appendix 4). 
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4 DISCUSSION 

4.1 MALLEEFOWL ACTIVITY 

The increase of 900% in the number of known active mounds between 2020 and 2021 does not meet 
or exceed the trigger criterion of a 35% decline in the number of known Malleefowl mounds, without 
a decline of a similar magnitude in the ASR. Additionally, there does not appear to be any spatial 
pattern of decreased breeding activity closer to mining operations, based on the highly variable 
distance (1.9 km to 20.6 km) of active mounds from the J1 pit. As such, the performance indicators 
that apply to the FMP, as follows, have been met: 

“No detectable effect on the abundance of Malleefowl in the vicinity of MRL’s operations as a 
result of MRL’s activities, as measured by annual mound monitoring, i.e. no spatial pattern of 
decreased breeding activity closer to mine operations, and breeding activity is broadly consistent 
with prevailing environmental conditions (rainfall, fire etc.) and the number of Malleefowl 
sightings on the fauna sightings and interaction register (i.e. ASR).” 

Given these results, no response actions are required. 

The 35% trigger criterion has been exceeded for the last two reporting periods with a decline of 36.4% 
observed from 2018 to 2019, and a decline of 85.7% from 2019 to 2020. Malleefowl breeding is known 
to fluctuate widely between years. These fluctuations are thought to primarily be a result of weather 
conditions, with cumulative rainfall between May and September (winter rainfall) having been shown 
to have a strong positive correlation with the average number of active Malleefowl nests during the 
breeding season (Benshemesh et al. 2007). Variations in Malleefowl mound activity between years at 
Mount Jackson appears to be strongly correlated with rainfall received (Figure 4-1). In particular, the 
dramatic decline in the number of active mounds between 2019 to 2020 was attributed to lower-than-
average rainfall in 2020. The rainfall data for Windarling and Southern Cross indicate that significantly 
higher winter rainfall was recorded 2021 compared to 2020, which was likely the primary factor in the 
increase in breeding activity between these two monitoring seasons. 

There has been a decline in sightings in the ASR, which recorded the lowest number of sightings since 
2009. However, as mentioned in previous monitoring reports (Biostat 2019; Phoenix 2021), the 
reliability of the ASR is low. The records on the ASR depend on the skill and training of the observer, 
the amount of time spent in an area and the diligence of staff in reporting sightings, which can result 
in inconsistencies in the data (Biostat 2019). As such, it is again recommended that the ASR should be 
used for anecdotal evidence to provide additional information on Malleefowl activity rather than a 
critical element of compliance criteria. 

The data from this monitoring program was shared with the National Malleefowl Recovery Team. They 
have changed the status of several of the mounds visited this year in their records; mounds 223, 247, 
380 & 403 from Inactive to Active and mound 263 from Active to Ambiguous Active, based on presence 
of recent scraping, tracks and feathers (G. Tonkin 2022, pers. comm., 23 February). The NMMM 
guidelines state:  

“Active mounds are those that are currently being used by Malleefowl as an incubator 
for their eggs and are likely to contain eggs. This is the most important category in the 
sequence and must not be confused with mounds where Malleefowl activity, e.g. 
litter trails, prints, scrapes are obvious. Do not record a mound as active when only 
such Malleefowl activity is present". 

As such, it was decided not to implement these changes in this report to maintain consistency with 
the NMMM mound classification guidelines, field methods and past and future reports.  
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Figure 4-1 Active Malleefowl mounds and rainfall by year at Mount Jackson 

4.2 ONGOING MONITORING REQUIREMENTS 

It was noted during this survey and the previous two annual surveys (Biostat 2019; Phoenix 2021), 
that the mound dataset contains many extinct mounds which are unlikely to become active again in 
the future. Extinct mounds have generally become overgrown by vegetation or are severely degraded 
and barely detectable as mounds. The high number of extinct mounds impacts the assessment of 
changes in activity year to year and makes surveys less time and cost efficient. As such, it is 
recommended that extinct mounds be removed from the monitoring dataset where possible, 
particularly those that have no record of being active and are not on the annual or core +5 monitoring 
list. 

This year, a total of 44 known mounds are recommended for reclassification as extinct. Currently, two 
of these annual monitoring mounds, 11 are core+5 mounds and 31 are Y3 mounds. Additionally, three 
of the mounds detected by LiDAR are recommended for classification as extinct. The core +5 and Y1 
mounds have never been classified as active during the life of the monitoring program. 

In 2022, 140 mounds are due to be monitored if no revisions are made to the monitoring list. Of these, 
57 are annual monitoring mounds, one is a Y3 mound found to be active this year and has now been 
added to the annual monitoring list, 19 are core+5 mounds and 65 are Y1 mounds. 

It is recommended that the remaining potential mounds identified by the LiDAR survey are ground-
truthed during the 2022 monitoring survey and any suitable mounds added to the annual monitoring 
list. 

4.3 CONCLUSION 

Malleefowl breeding activity increased significantly between 2020 and 2021, in keeping with the 
improved breeding conditions. No trigger criteria were met or exceeded, and the performance 
indicators were met. As such, no response actions are required. It is recommended that the use of the 
ASR for assessing compliance is reconsidered for future years due to the inconsistent and unreliable 
nature of the data collected. Additionally, it is recommended that extinct mounds be removed from 
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the monitoring list and potential mounds detected by LiDAR are ground-truthed and added in where 
appropriate. 
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Appendix 1 Malleefowl mound activity results, by year 

Mound ID 2013 2014 2015 2016 2017 2018 2019 2020a 2021 Distance to J1 (m) 

w17n002          9,266 

w17n006 *  *    *  * 9,539 

w17n019 *  *   * *  * 9,969 

w17n021 *  *  * * *  * 10,250 

w17n023 *  *   * *  * 10,208 

w17n024 A A A A A A  I1  10,557 

w17n028 *  *   * A   8,486 

w17n029 *  *   *   * 9,201 

w17n030 * * * - - *  - * 9,352 

w17n031 *  *   * *  * 9,747 

w17n035 A A        9,475 

w17n037 *  *   *   * 9,314 

w17n038 A  A A A A  I1 A 9,230 

w17n039 *  *   *   * 9,019 

w17n040 * * * -  *   * 9,038 

w17n042 A  *   *   * 9,466 

w17n045 A A      I1 A 8,700 

w17n046 A A  A  A  A A 9,846 

w17n047 A A A A A   I1 A 10,039 

w17n048  A A A  A    3,774 

w17n055          192 

w17n056    * *  * *  412 

w17n057  A  A  A *   382 

w17n058    * *  * *  624 

w17n059    * *  * *  713 

w17n061    * *  * *  173 

w17n062        I1  275 

w17n064          439 

w17n065    * *  * *  616 

w17n066    *   * *  512 

w17n068    * *  * *  661 

w17n069 * *  * *  * *  1,016 

w17n071 * *  * *  * *  2,406 

w17n072 * *  * *  * *  918 

w17n073 * *  * *  * * A 1,510 

w17n074    * *  * *  536 

w17n075    * *  * *  572 

w17n076          601 

w17n077 * *  * *  * *  1,026 

w17n078    * *  * *  561 

w17n080 * *  * *  * *  2,265 

w17n081 * *   *  * *  2,501 



Mound ID 2013 2014 2015 2016 2017 2018 2019 2020a 2021 Distance to J1 (m) 

w17n083 * *  * *  * *  2,073 

w17n085 * *  * *  * *  1,907 

w17n088 * *      *  3,524 

w17n090 * *      *  3,862 

w17n091 * *     * *  3,407 

w17n093 * *     * *  3,470 

w17n094 * *  * *  * *  1,897 

w17n095 A A   A A A I1  384 

w17n096 * *  * *  * *  2,129 

w17n097 * *     * *  7,538 

w17n098 * *     * *  7,218 

w17n099 * *      *  6,920 

w17n100 A    A A    6,020 

w17n101 * *     * *  6,854 

w17n102          5,743 

w17n104 * *     * *  6,307 

w17n107 * *      *  5,882 

w17n109 A A  A   A A  4,633 

w17n110          4,619 

w17n111          4,454 

w17n112 A A   A     4,956 

w17n116          5,417 

w17n117 * *      *  6,526 

w17n119         - 3,406 

w17n121     A     3,513 

w17n125 * *      *  4,712 

w17n126          3,973 

w17n127 * *      *  5,037 

w17n128 * *      *  5,066 

w17n129    A     A 4,213 

w17n131 * *      *  7,341 

w17n132       - -  6,033 

w17n134 * * * -  - - * - 6,193 

w17n136 * * A A  A    3,735 

w17n137 * *   *  - *  4,760 

w17n140 * *      *  9,795 

w17n141 * *     * *  11,162 

w17n142 * *     * *  11,115 

w17n144 * *      *  10,575 

w17n146 * *     * *  11,200 

w17n150 A A A A A A   A 7,894 

w17n155 * *      *  8,347 

w17n158          7,247 



Mound ID 2013 2014 2015 2016 2017 2018 2019 2020a 2021 Distance to J1 (m) 

w17n161          8,213 

w17n166 * *      *  9,500 

w17n167 * * A A A A    7,390 

w17n168 * *      *  7,932 

W17n171 * *      *  10,229 

W17n172 * *      *  10,054 

w17n174        *  10,529 

w17n175 * *      *  8,375 

W17n177 * *      *  9,250 

W17n179 * *     * *  11,026 

W17n181 * *     * *  8,391 

w17n182 * * *    * *  9,057 

w17n183 * *     * *  8,067 

w17n184 * * A A  A * I1 A 7,320 

w17n185 * * * -    * - 7,985 

w17n186        I1  8,051 

w17n188 * *      *  10,216 

w17n189 * *     * *  9,026 

W17n190 * *     * *  9,025 

W17n191 * *     * *  8,750 

W17n192 * *     * *  8,486 

W17n193 * *     * *  8,177 

w17n194 * *   *  * *  8,096 

w17n196 * * *  * *  * * 2,257 

w17n198 * * *   *  * * 3,888 

w17n200 * * *   *  * * 4,051 

w17n201 * * *   *  * * 3,837 

w17n203 * * *  * *  * * 2,082 

w17n204  A     A   286 

w17n207          990 

w17n213          1,302 

w17n216          1,535 

w17n220  * *  *  * *  1,351 

w17n221  * *  *  * *  1,824 

w17n222  * *   A    5,530 

w17n223 A * * A A A   I1 5,568 

w17n244          4,056 

w17n247      A   I1 5,867 

261 *  * *  * *   17,176 

262 *  * *  * *   17,435 

w17n263 A A A A A A A I1 A 17,924 

w17n267          19,015 

269 *  * *  * *   20,041 



Mound ID 2013 2014 2015 2016 2017 2018 2019 2020a 2021 Distance to J1 (m) 

270 *  * *  * *   19,230 

271 *  * *  * *   20,303 

272 *  * *  * *   21,336 

274 *  * *  * *   21,530 

275 *  * *  * *   16,790 

278 *  * *  * *   17,091 

279 *  * *  * *   17,093 

280 *  * * - * *   17,318 

282 *  * *  * *   17,332 

283 * * * *  * * I1 A 17,286 

285 *  * *  * *   19,984 

286 *  * *  * *   19,952 

287 *  * *  * *   19,765 

w17n288 A  A A A   I1  19,730 

290 *  * *  * *   20,993 

292 *  * *  * *   16,987 

W17n294 A  * *  * *   17,285 

295 *  * *  * *   17,268 

296 *  * *  * *   17,269 

297 *  * *  * *   17,530 

w17n298          17,582 

299 *  * *  * *   18,071 

w17n301 A A A A A A A I1 A 18,873 

w17n303 A A  A A A A I1 A 19,886 

w17n304          19,929 

w17n312 A         20,929 

314 *  * *  * *   21,454 

316 *  * *  * *   16,935 

w17n317          16,968 

318 *  * *  * *   16,973 

320 *  * *  * *   17,467 

W17n322 *  * *  * *   18,460 

w17n327 A A        19,868 

w17n328          19,768 

330 *  * *  * *   20,849 

331 *  * *  * *   21,390 

332 *  * *  * *   21,423 

w17n333          21,345 

w17n345          11,191 

w17n349 A A  A A     12,178 

w17n354      A    13,273 

w17n356 A A     A   13,650 

w17n360  * *  * * A   15,230 



Mound ID 2013 2014 2015 2016 2017 2018 2019 2020a 2021 Distance to J1 (m) 

w17n368 A * * A      12,680 

w17n369  A A A A   I1 A 13,147 

w17n373 A * * A * * A I1 A 13,958 

w17n375 A A A A A A A I1 A 14,652 

w17n376 A A A A  A A I1 A 10,659 

w17n380 A    A A A I1 I1 12,993 

w17n384          14,235 

w17n386 A         14,979 

w17n389 A * *  * * A   13,117 

w17n390          13,774 

w17n391   A       15,318 

w17n395 A A A A A A  I1 A 16,668 

w17n398          13,082 

w17n400          9,613 

w17n402          307 

w17n403 A A  A A     3,674 

w17n404  * * * * - * * - 440 

w17n405  * * - * - * * - 2,522 

w17n408 + *  * *  * *  719 

w17n409 + A * A   * I1  17,353 

410 + +  * * * * *  7,568 

411 + + + +  * *   9,474 

412 + + + +  * *   7,716 

MTJL001 + + + + + + + +  2,926 

MTJL002 + + + + + + + +  3,463 

MTJL003 + + + + + + + +  5,949 

MTJL004 + + + + + + + +  2,807 

MTJL005 + + + + + + + +  11,585 

MTJL006 + + + + + + + +  11,409 

MTJL007 + + + + + + + +  11,355 

MTJL008 + + + + + + + +  11,068 

MTJL009 + + + + + + + +  10,809 

MTJL010 + + + + + + + +  10,919 

MTJL011 + + + + + + + +  11,098 

MTJL012 + + + + + + + +  11,439 

MTJL013 + + + + + + + +  8,778 

A = Active 

I1 = Inactive (sub-class 1) 

* = Not sought 

- = Not found 

+ - Not known 

Blank = inactive (sub-class 2), long unused or extinct 

a = Change in classification of inactive mounds to include sub-classes 



Appendix 2 Malleefowl mound photos 2021, with sites highlighted grey classified as active in 
2021 
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Appendix 3 Site habitat descriptions 

Site Latitude Longitude Habitat type Habitat description Disturbance Topography Slope Soil 
Veg 

cover % 

W17n002 -30.2617 119.2618 shrubland Mallee, Melaleuca and Allocasuarina shrubland over 
grey bush and mixed low shrubs, on ironstone gravel.  

 plain gentle gravel, 
clay loam 

85 

w17n024 -30.2667 119.2739 shrubland Scattered mallee eucalypts over Allocasuarina and  
Eremophila over mixed low shrubs on red-brown clay 
with banded ironstone gravel. 

 plain gentle gravel, 
clay 

85 

W17n028 -30.2526 119.257 mallee 
woodland 

Mallee woodland over Allocasuarina and Acacia over 
Eremophila and other mixed shrubs.  

 hill slope gentle clay loam 90 

w17n035 -30.2576 119.2659 shrubland Scattered mallee eucalypts over Allocasuarina on red-
brown clay with banded ironstone gravel. 

 plain negligible gravel, 
clay 

90 

w17n038 -30.2579 119.2631 shrubland Scattered mallee eucalypts over Allocasuarina and 
Acacia and Eremophila on red-brown clay with 
banded ironstone gravel. 

 plain negligible gravel, 
clay 

90 

w17n045 -30.2522 119.2595 shrubland Scattered mallee eucalypts over Allocasuarina over 
sparse low shrubs on red-brown clay with banded 
ironstone gravel. 

 hill slope gentle gravel, 
clay 

95 

W17n046 -30.246 119.2735 shrubland Allocasuarina, Acacia shrubland with scattered mallee 
over Eremophila and Banksia shrubs on ironstone 
gravel.  

 hill slope gentle gravel, 
clay loam 

80 

W17n047 -30.2481 119.275 shrubland Allocasuarina shrubland over Grevillea and low mixed 
shrubs, on ironstone gravel.  

 hill slope moderate gravel, 
clay loam 

70 

W17N048 -30.2485 119.2055 mallee 
woodland 

Mallee woodland surrounded by shrubland. Mallee 
over Acacia and Senna over Eremophila over mixed 
low shrubs.  

 hill slope gentle gravel, 
clay loam 

60 

W17n055 -30.2222 119.1566 shrubland Scattered Eucalyptus trees over Acacia, Allocasuarina, 
Grevillea and mixed grey bush and unknown shrubs 
on ironstone gravel.  

 plain negligible gravel, 
clay loam 

65 



Site Latitude Longitude Habitat type Habitat description Disturbance Topography Slope Soil 
Veg 

cover % 

W17n056 -30.2269 119.159 shrubland Acacia and Allocasuarina shrubland with scattered 
mallee over Eremophila over mixed low shrubs on 
ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

80 

W17n057 -30.229 119.1634 shrubland Allocasuarina shrubland with scattered mallee over 
Grevillea and Acacia over mixed low shrubs.  

 hill slope gentle clay loam 70 

W17N058 -30.2316 119.1647 shrubland Allocasuarina shrubland with scattered mallee over 
Acacia over mixed shrubs on ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

70 

W17N059 -30.2328 119.1696 mallee 
woodland 

Mallee woodland over Acacia and Allocasuarina over 
mixed low shrubs over grasses and herbs.  

 hill slope gentle clay 70 

W17n061 -30.217 119.1534 shrubland Acacia shrubland with scattered mallee over 
Eremophila and mixed low shrubs on ironstone gravel.  

exploration 
(drill pads and 
access tracks) 

plain negligible gravel, 
clay loam 

70 

W17n062 -30.2234 119.1565 open 
woodland 

Mallee woodland over Allocasuarina, Grevillea shrubs 
and grey bush on on ironstone gravel.  

exploration 
(drill pads and 
access tracks) 

plain negligible gravel, 
clay loam 

70 

W17n064 -30.2312 119.1664 shrubland Allocasuarina and Acacia shrubland with scattered 
mallee over Eremophila and other mixed shrubs on 
ironstone gravel.  

exploration 
(drill pads and 
access tracks) 

hill slope gentle gravel, 
clay loam 

80 

W17N065 -30.2323 119.1678 shrubland Allocasuarina and Acacia shrubland with scattered 
mallee over Grevillea and Eremophila over mixed low 
shrubs on ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

70 

W17n066 -30.2294 119.1638 shrubland Allocasuarina shrubland with scattered mallee over 
Acacia, Grevillea and Senna over mixed low shrubs on 
ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

80 

W17N068 -30.2327 119.1667 shrubland Allocasuarina shrubland with scattered mallee over 
mixed low shrubs on ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

80 

w17n069 -30.234 119.1761 shrubland Scattered mallee eucalypts over Allocasuarina, 
Eremophila, Grevillea and Acacia over mixed low 

 hill slope gentle gravel, 
clay 

70 



Site Latitude Longitude Habitat type Habitat description Disturbance Topography Slope Soil 
Veg 

cover % 

shrubs and scattered tufts of grass on red-brown clay 
with banded ironstone gravel. 

W17n071 -30.2452 119.1816 shrubland Acacia shrubland with scattered mallee over banksia, 
Eremophila, grey bush and other mixed shrubs over 
grasses and herbs on ironstone gravel.  

vehicle tracks plain negligible gravel, 
clay loam 

80 

w17n072 -30.2345 119.1725 open 
woodland 

Open mallee woodland over Allocasuarina, Acacia 
and Eremophila over mixed low shrubs over scattered 
tufts of grass on red-brown clay with banded 
ironstone gravel. 

 hill slope gentle gravel, 
clay 

80 

w17n073 -30.2366 119.18 shrubland Scattered mallee eucalypts over Allocasuarina and 
Eremophila over mixed low shrubs over scattered 
tufts of grass on red-brown clay with banded 
ironstone gravel. 

 hill slope gentle gravel, 
clay 

80 

W17N074 -30.2307 119.1647 shrubland Acacia shrubland with scattered mallee over 
Allocasuarina over Eremophila on ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

70 

W17N075 -30.2319 119.1678 shrubland Acacia and Allocasuarina shrubland with scattered 
mallee over Grevillea and Eremophila over low shrubs 
on ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

70 

W17N076 -30.2333 119.1686 shrubland Acacia shrubland with scattered mallee over Grevillea 
and Eremophila over low shrubs on ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

70 

w17n077 -30.2348 119.1748 open 
woodland 

Open mallee woodland over Acacia and Allocasuarina 
over Santalum and Eremophila over mix low shrubs 
on red brown clay with banded ironstone gravel 

 plain gentle gravel, 
clay 

70 

W17N078 -30.2296 119.1634 shrubland Allocasuarina shrubland with scattered mallee over 
Acacia over low Allocasuarina over mixed shrubs on 
ironstone gravel.  

 hill slope moderate gravel, 
clay loam 

80 

W17n080 -30.2406 119.1856 mallee 
woodland 

Mallee woodland over Allocasuarina and grey bush 
shrubs on ironstone gravel.  

exploration 
(drill pads and 
access tracks) 

hill slope gentle gravel, 
clay loam 

70 



Site Latitude Longitude Habitat type Habitat description Disturbance Topography Slope Soil 
Veg 

cover % 

W17n081 -30.2409 119.1882 mallee 
woodland 

Mallee woodland over Allocasuarina, Melaleuca, 
Grevillea and other mixed shrubs, on ironstone gravel.  

exploration 
(drill pads and 
access tracks) 

hill slope gentle gravel, 
clay loam 

70 

W17n083 -30.2394 119.1843 mallee 
woodland 

Mixed Acacia and Allocasuarina over grey bush shrubs 
on ironstone gravel.  

exploration 
(drill pads and 
access tracks) 

hill slope gentle gravel, 
clay loam 

75 

w17n085 -30.237 119.1845 shrubland Ecotone of open mallee woodland and Allocasuarina 
shrubland over Grevillea and mixed low shrubs on 
red-brown clay with banded ironstone gravel. 

 hill slope gentle gravel, 
clay 

85 

W17n088 -30.2458 119.1961 shrubland Allocasuarina and Acacia shrubland with scattered 
mallee over grey bush over herbs on ironstone gravel.  

 plain negligible gravel, 
clay loam 

80 

w17n090 -30.2483 119.1979 shrubland Scattered mallee eucalypts over Allocasuarina, 
Acacia, Brachychiton and Eremophila over scattered 
tufts of grass on red-brown clay loam with banded 
ironstone gravel. 

 hill slope gentle gravel, 
clay 
loam, 
clay 

60 

W17n091 -30.2453 119.1951 shrubland Allocasuarina shrubland with scattered mallee over 
mixed low shrubs over herbs on ironstone gravel. 

 plain negligible gravel, 
clay loam 

90 

W17n093 -30.2464 119.195 shrubland Allocasuarina shrubland with scattered mallee over 
grey bush over mixed shrubs on ironstone gravel.  

 plain negligible gravel, 
clay loam 

90 

w17n094 -30.239 119.1824 open 
woodland 

Open mallee woodland over Allocasuarina, Acacia 
and Eremophila over mixed low shrubs on red-brown 
clay with banded ironstone gravel. 

 hill slope gentle gravel, 
clay 

80 

w17n095 -30.234 119.176 shrubland Scattered mallee eucalypts over Allocasuarina, 
Eremophila over mixed low shrubs on red-brown clay 
with banded ironstone gravel. 

 hill slope gentle gravel, 
clay 

80 

W17n096 -30.2398 119.1847 shrubland Acacia shrubland over Allocasuarina and grey bush on 
red brown clay loam soil with scattered ironstone 
gravel. 

exploration 
(drill pads and 
access tracks) 

hill slope gentle gravel, 
clay loam 

85 



Site Latitude Longitude Habitat type Habitat description Disturbance Topography Slope Soil 
Veg 

cover % 

w17n097 -30.2649 119.2267 mallee 
woodland 

Mallee woodland over Allocasuarina over mulga over 
mixed myrtaceae over mixed Eremophila and low 
shrubs on ferrous ironstone gravel.  

exploration 
(drill pads and 
access tracks) 

hill slope gentle gravel, 
sandy 
clay, 
loam 

70 

w17n098 -30.2649 119.2232 shrubland Scattered mallee eucalypts over Allocasuarina and 
Acacia over mixed low shrubs on red-brown clay with 
ironstone gravel. 

 hill slope gentle gravel, 
clay 

70 

w17n099 -30.2608 119.2228 mallee 
woodland 

Mallee woodland over Acacia and Eremophila over 
Ptilotus over herbs with banded ironstone formation 
boulders.  

 hill slope gentle gravel, 
clay 

70 

w17n100 -30.2635 119.2217 shrubland Scattered mallee eucalypts over Allocasuarina, 
Eremophila and Grevillea over mixed low shrubs on 
red-brown clay with banded ironstone gravel. 

 hill slope gentle gravel, 
clay 

80 

w17n101 -30.2633 119.2203 shrubland Mallee eucalypts over Allocasuarina and Acacia over 
Grevillea over small shrubs on red-brown clay with 
banded ironstone gravel. 

 hill slope gentle clay 80 

w17n102 -30.2625 119.2189 shrubland Scattered mallee eucalypts and tall Allocasuarina over 
Grevillea, Allocasuarina over mixed low shrubs on 
red-brown clay with banded ironstone gravel. 

 hill slope gentle gravel, 
clay 

80 

w17n104 -30.2613 119.2156 open 
woodland 

Stands of mallee eucalypts over Allocasuarina, 
santalaceae, Eremophila and Grevillea over mixed low 
shrubs on red-brown clay with ironstone gravel. 

exploration 
(drill pads and 
access tracks) 

plain negligible gravel, 
clay loam 

50 

w17n107 -30.2599 119.2119 shrubland Scattered mallee eucalypts over tall Allocasuarina 
over Grevillea, Eremophila, Hakea and Acacia over 
mixed low shrubs on red-brown clay with banded 
ironstone gravel. 

 hill slope gentle gravel, 
clay 

70 

W17N109 -30.2561 119.2101 shrubland Ecotone from mallee woodland to Allocasuarina 
shrubland over Acacia over mixed low shrubs.  

 hill slope gentle gravel, 
clay loam 

80 



Site Latitude Longitude Habitat type Habitat description Disturbance Topography Slope Soil 
Veg 

cover % 

W17N110 -30.2562 119.2097 mallee 
woodland 

Ecotone of Allocasuarina shrubland to mallee 
woodland over Allocasuarina and Acacia over mixed 
shrubs.  

 hill slope gentle gravel, 
clay loam 

80 

W17N111 -30.2543 119.2093 mallee 
woodland 

Mallee woodland over Allocasuarina and Acacia over 
Grevillea, Eremophila and other mixed shrubs.  

 hill slope gentle gravel, 
clay loam 

70 

W17N112 -30.2573 119.2132 mallee 
woodland 

Mallee woodland over Acacia and Allocasuarina over 
Eremophila over mixed low shrubs over herb on 
ironstone gravel  

 hill slope moderate gravel, 
clay loam 

90 

w17n116 -30.2613 119.2157 shrubland Scattered mallee eucalypts over Allocasuarina, 
Grevillea, Eremophila over mixed low shrubs on red-
brown clay with banded ironstone gravel. 

 hill slope gentle gravel, 
clay 

90 

w17n117 -30.2613 119.2182 shrubland Mallee eucalypts over Allocasuarina and Eremophila 
over sparse low shrubs on red brown soil with 
scattered banded ironstone gravel. 

 hill slope gentle clay 70 

w17n119 -30.2468 119.2023 shrubland Sparse mallee eucalypts over Brachychiton, quondong 
and Acacia over greybush, pea bushes, Eremophila, 
and Grevillea on red-brown clay soil with banded 
ironstone rocks. 

exploration 
(drill pads and 
access tracks) 

hill top gentle clay 70 

w17n121 -30.2511 119.1995 shrubland Scattered mallee eucalypts over Acacia, Eremophila, 
Allocasuarina over mixed low shrubs on red-brown 
clay with banded ironstone gravel. 

 hill slope gentle gravel, 
clay 

70 

W17N125 -30.2521 119.2047 shrubland Allocasuarina shrubland with scattered mallee over 
Acacia over Banksia and other shrubs over herbs.  

 hill slope gentle gravel, 
clay loam 

70 

W17N126 -30.2514 119.2056 shrubland Allocasuarina shrubland over mixed low shrubs over 
herbs.  

 hill slope gentle gravel, 
clay loam 

90 

W17N127 -30.2534 119.2073 mallee 
woodland 

Mallee woodland over Allocasuarina and Acacia over 
Melaleucaand other medium and low shrubs.  

 hill slope gentle gravel, 
clay loam 

80 



Site Latitude Longitude Habitat type Habitat description Disturbance Topography Slope Soil 
Veg 

cover % 

W17N128 -30.2538 119.2073 mallee 
woodland 

Mallee woodland over Allocasuarina over Melaleuca 
and Grevillea over mixed low shrubs.  

 hill slope gentle gravel, 
clay loam 

80 

W17N129 -30.2517 119.2085 mallee 
woodland 

Mallee woodland over Allocasuarina and Acacia over 
Eremophila and other mixed shrubs over herbs.  

exploration 
(drill pads and 
access tracks) 

hill slope moderate gravel, 
clay loam 

80 

w17n131 -30.2626 119.2262 mallee 
woodland 

Mallee woodland over Allocasuarina and Acacia over 
myrtaceae and other mixed low shrubs over grasses 
and herbs on ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

80 

w17n132 -30.2608 119.2247 shrubland Allocasuarina shrubland over Eremophila and 
myrtaceae over mixed low shrubs on ironstone gravel.  

 hill slope gentle gravel, 
clay 

90 

w17n134 -30.2609 119.2147 open 
woodland 

Open mallee eucalypt woodland over Allocasuarina, 
Grevillea, Eremophila over mixed low shrubs on red- 
brown clay with banded ironstone gravel. 

 hill slope gentle gravel, 
clay 

80 

w17n136 -30.2529 119.2008 open 
woodland 

Open mallee eucalypt woodland over Acacia, 
Allocasuarina and Eremophila over mixed low shrubs 
on red-brown clay with banded ironstone gravel. 

 hill slope gentle gravel, 
clay 

80 

w17n137 -30.2521 119.2052 shrubland Allocasuarina shrubland with scattered mallee over 
Acacia over mixed low shrubs.  

 hill slope gentle gravel, 
clay loam 

70 

W17n140 -30.2437 119.2573 mallee 
woodland 

Mallee woodland over Acacia over Eremophila and 
Melaleuca over mixed low shrubs on scattered 
ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

70 

W17n141 -30.24 119.2704 shrubland Brachychiton, Senna and Acacia shrubland over low 
mixed shrubs on clay loam soil interspersed with 
calcrete and quartz and ironstone gravel.  

 hill slope moderate gravel, 
clay loam 

70 

W17n142 -30.2381 119.2702 shrubland Acacia shrubland with scattered mallee over 
Eremophila over mixed low shrubs on ironstone 
gravel.  

 hill slope gentle gravel, 
clay loam 

90 



Site Latitude Longitude Habitat type Habitat description Disturbance Topography Slope Soil 
Veg 

cover % 

W17n144 -30.2414 119.2649 shrubland Acacia and Allocasuarina shrubland over Eremophila 
over mixed low shrubs on ironstone gravel.  

 hill slope moderate gravel, 
clay loam 

70 

W17n146 -30.2419 119.2705 shrubland Allocasuarina, Acacia scattered mallee over 
Eremophila shrubs on  ironstone gravel 

 hill slope moderate gravel, 
clay 
loam, 
rocks 

75 

w17n150 -30.2582 119.248 shrubland Scattered mallee eucalypts over Allocasuarina and 
Acacia and Eremophila over mixed low shrubs on red-
brown clay with banded ironstone gravel. 

 plain gentle gravel, 
clay 

70 

w17n155 -30.2594 119.2384 shrubland Scattered mallee eucalypts over Acacia, 
Allocasuarina, Santalum, Grevillea and Eremophila 
over mixed low shrubs on red-brown clay with 
banded ironstone gravel. 

 plain gentle gravel, 
clay 

80 

w17n158 -30.2594 119.24 shrubland Mallee eucalypts over Acacia, Allocasuarina, 
Brachychiton, Grevillea and Eremophila over mixed 
low shrubs on red-brown clay with banded ironstone 
gravel. 

 plain gentle gravel, 
clay 

70 

w17n161 -30.2619 119.2357 shrubland Scattered mallee eucalypts over Allocasuarina and 
Acacia and Eremophila over Grevillea over mixed low 
shrubs on red-brown clay with banded ironstone 
gravel. 

 plain gentle gravel, 
clay 

80 

w17n166 -30.2612 119.249 shrubland Scattered mallee eucalypts over Acacia, and Santalum 
over mixed low shrubs on red-brown clay with 
banded ironstone gravel. 

exploration 
(drill pads and 
access tracks) 

plain gentle gravel, 
clay 

70 

w17n167 -30.2615 119.2403 shrubland Scatted mallee eucalypts over Allocasuarina and 
Acacia and Eremophila over mixed shrubs on red-
brown clay with banded ironstone gravel. 

 plain gentle gravel, 
clay 

80 

w17n168 -30.2617 119.233 open 
woodland 

Open mallee woodland over Allocasuarina, Acacia, 
Banksia, Grevillea and Eremophila over mixed low 
shrubs on red-brown clay with banded ironstone 
gravel. 

 plain gentle gravel, 
clay 

70 



Site Latitude Longitude Habitat type Habitat description Disturbance Topography Slope Soil 
Veg 

cover % 

W17n171 -30.2399 119.262 shrubland Allocasuarina and Acacia shrubland with scattered 
mallee over Grevillea, Eremophila and low 
Allocasuarina on ironstone gravel.  

 plain gentle gravel, 
clay loam 

80 

W17n172 -30.2419 119.26 mallee 
woodland 

Mallee woodland over Acacia and Allocasuarina over 
Eremophila over mixed low shrubs on ironstone 
gravel.  

 hill slope gentle gravel, 
clay loam 

70 

w17n174 -30.2409 119.2645 shrubland Acacia shrubland with scattered mallee over 
Allocasuarina over Eremophila over mixed low shrubs 
on ironstone gravel.  

 hill slope moderate gravel, 
clay loam 

80 

w17n175 -30.2594 119.2387 shrubland Scattered mallee eucalypts over Allocasuarina and 
Acacia and Santalum and Grevillea over scattered 
mixed shrubs on red-brown clay with banded 
ironstone gravel. 

 plain gentle gravel, 
clay 

70 

W17n177 -30.2428 119.2525 mallee 
woodland 

Mallee woodland over Allocasuarina, Acacia and 
Grevillea shrubland over Eremophila and low 
Allocasuarina on scattered ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

70 

W17n179 -30.2426 119.2688 shrubland Grevillea, Allocasuarina, Eremophila, Acacia shrubland 
over low mixed shrubs, on ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

65 

W17n181 -30.2709 119.2319 shrubland Allocasuarina and Acacia shrubland with scattered 
mallee over Eremophila, Grevillea and other shrubs.  

 hill slope gentle clay loam 90 

w17n182 -30.2698 119.2398 mallee 
woodland 

Mallee and Eucalyptus woodland over Allocasuarina, 
Acacia and Grevillea shrubs over mixed shrubs on 
ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

65 

w17n183 -30.2666 119.2314 open 
woodland 

Open mallee woodland over Allocasuarina, Acacia 
and Eremophila over mixed low shrubs on red-brown 
clay with banded ironstone gravel. 

 plain gentle gravel, 
clay 

70 



Site Latitude Longitude Habitat type Habitat description Disturbance Topography Slope Soil 
Veg 

cover % 

W17n184 -30.2666 119.2359 mallee 
woodland 

Open mallee woodland over Acacia, Eremophila, 
Senna, Allocasuarina, over mixed low shrubs, on 
ironstone gravel.  

erosion 
channels 

hill slope moderate gravel, 
clay loam 

40 

w17n185 -30.2632 119.2326 shrubland Scattered mallee eucalypts over Allocasuarina, 
Acacia, Grevillea and Eremophila over mixed low 
shrubs on red-brown clay with ironstone gravel. 

 hill slope gentle gravel, 
clay 

80 

w17n186 -30.2472 119.2541 shrubland Mallee eucalypts over Acacia, Allocasuarina, Grevillea 
and Eremophila over mixed low shrubs on red-brown 
clay with banded ironstone gravel. 

 hill slope gentle gravel, 
clay 

80 

W17n188 -30.2442 119.2611 mallee 
woodland 

Mallee woodland over Acacia, Allocasuarina and 
Senna over Eremophila on ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

60 

W17n189 -30.2713 119.2386 mallee 
woodland 

Mallee woodland over Allocasuarina over Eremophila 
and other mixed shrubs over low shrubs on scattered 
ironstone gravel.  

 plain gentle gravel, 
clay loam 

80 

W17n190 -30.2694 119.2398 mallee 
woodland 

Mallee and Eucalyptus woodland over Acacia, mallee, 
Allocasuarina, Eremophila shrub over mixed shrub, on 
ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

45 

W17n191 -30.2696 119.2367 mallee 
woodland 

Mallee woodland over Eremophila, Banksia and other 
shrubs on ironstone gravel.  

 hill slope moderate gravel, 
clay loam 

70 

W17n192 -30.2696 119.2339 mallee 
woodland 

Mallee woodland over Grevillea, Allocasuarina, 
Eremophila and Acacia shrubs and mixed low shrubs, 
on ironstone gravel.  

 hill slope moderate gravel, 
clay loam 

75 

W17n193 -30.2695 119.2305 mallee 
woodland 

Mallee woodland over Grevillea, Acacia and other 
shrubs on ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

60 



Site Latitude Longitude Habitat type Habitat description Disturbance Topography Slope Soil 
Veg 

cover % 

w17n194 -30.2662 119.2319 open 
woodland 

Open mallee woodland over Acacia and Allocasuarina 
and Eremophila over mixed low shrubs on red-brown 
clay with banded ironstone gravel. 

 plain gentle gravel, 
clay 

70 

W17n204 -30.2253 119.1746 shrubland Allocasuarina and Acacia shrubland with scattered 
mallee over mixed shrubs on ironstone gravel. 

exploration 
(drill pads and 
access tracks) 

hill slope gentle gravel, 
clay loam 

70 

W17n207 -30.2216 119.1808 open 
woodland 

Open Eucalyptus woodland over Senna, flat leaf grey 
bush, Ptilotus and Eremophila over grasses and herbs 
on ironstone gravel.  

 plain negligible gravel, 
clay loam 

50 

W17n213 -30.2321 119.1862 shrubland Tall mixed Acacia shrubland over mid level Acacia, 
Senna and Eremophila on ironstone gravel. Mallee 
stand nearby.  

 hill slope gentle gravel, 
clay loam 

70 

W17n216 -30.2327 119.1885 open 
woodland 

Open Eucalyptus woodland over flat leaf grey bush, 
Senna and Acacia over Ptilotus over herbs. 

 hill slope gentle gravel, 
clay loam 

50 

w17n220 -30.236 119.1785 shrubland Scattered mallee eucalypts and Banksia over 
Allocasuarina and Eremophila over mixed low shrubs 
on red-brown clay with banded ironstone gravel. 

 hill slope gentle gravel, 
clay 

80 

w17n221 -30.2371 119.1835 open 
woodland 

Open mallee woodland over Allocasuarina, 
Eremophila and Acacia over mixed low shrubs on red-
brown clay with banded ironstone gravel. 

 hill slope gentle gravel, 
clay 

70 

w17n222 -30.258 119.2201 shrubland Acacia and Allocasuarina shrubland with scattered 
mallee over Eremophila over mixed low shrubs on 
scattered ironstone gravel.  

 hill top moderate gravel, 
clay 

70 

w17n223 -30.2603 119.2187 mallee 
woodland 

Mallee woodland over Acacia and Allocasuarina over 
Eremophila over mixed low shrubs on scattered 
ironstone gravel.  

 hill slope gentle gravel, 
clay 

80 



Site Latitude Longitude Habitat type Habitat description Disturbance Topography Slope Soil 
Veg 

cover % 

w17n230 -30.2643 119.2296 shrubland Drainage line with tall mixed Acacia and scattered 
mallee over mixed Eremophila over herbs and grasses.  

vehicle tracks drainage 
line 

gentle clay loam 80 

w17n244 -30.2491 119.2085 shrubland Allocasuarina shrubland with scattered mallee and 
Acacia over mixed low shrubs. 

 hill slope moderate gravel, 
clay 

70 

w17n247 -30.2592 119.2233 mallee 
woodland 

Mallee woodland over Acacia over mixed medium 
and low shrubs including Ptilotus on ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

70 

w17n263 -30.238 119.3589 open 
woodland 

Open Eucalyptus and mallee woodland over Acacia, 
Allocasuarina over Eremophila and mixed low 
shrubland on ironstone gravel.  

 plain negligible gravel, 
clay loam 

50 

w17n267 -30.2457 119.3696 shrubland Acacia shrubland over Allocasuarina, Eremophila and 
low mixed shrubs on ironstone gravel.  

 plain negligible gravel, 
clay loam 

45 

w17n283 -30.2341 119.3524 woodland Acacia and mallee woodland over Allocasuarina and 
Eremophila and low mixed shrubs, on ironstone 
gravel.  

 plain negligible gravel, 
clay loam 

50 

w17n288 -30.245 119.3772 shrubland Scattered mallee eucalypts over Allocasuarina, Senna, 
Santalum and Acacia over mixed low shrubs on red-
brown clay with banded ironstone gravel and stones. 

 hill slope gentle gravel, 
clay 

65 

w17n294 -30.2373 119.3523 shrubland Acacia shrubland with scattered mallee over mixed 
Grevillea and Eremophila over mixed low shrubs on 
ironstone gravel.  

 undulating 
plain 

gentle gravel, 
clay loam 

70 

w17n298 -30.2376 119.3554 shrubland Acacia and Allocasuarina shrubland with scattered 
mallee over Grevillea and Eremophila over mixed low 
shrubs on ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

80 

w17n301 -30.244 119.3683 open 
woodland 

Eucalyptus woodland over Acacia and Allocasuarina 
and low mixed shrubs on ironstone gravel.  

 plain negligible gravel, 
clay loam 

55 



Site Latitude Longitude Habitat type Habitat description Disturbance Topography Slope Soil 
Veg 

cover % 

w17n303 -30.2503 119.3781 shrubland Scattered mallee eucalypts over Acacia, Allocasuarina 
and Eremophila over mixed low shrubs on red-brown 
clay with banded ironstone gravel. 

 hill slope moderate gravel, 
clay 

80 

w17n304 -30.2484 119.3788 shrubland Scattered mallee eucalypts over Acacia and 
Allocasuarina and Eremophila over mixed low shrubs 
on red-brown clay with banded ironstone gravel. 

evidence of 
feral animals 

hill slope moderate gravel, 
clay 

70 

w17n312 -30.2528 119.3887 shrubland Scattered mallee eucalypts over Acacia and greybush 
and Senna over mixed low shrub on red-brown clay 
with banded ironstone gravel. 

 hill slope moderate gravel, 
clay 

60 

w17n317 -30.2362 119.349 open 
woodland 

Open Eucalyptus woodland over Allocasuarina over 
mixed Acacia, Grevillea and Eremophila on ironstone 
gravel.  

exploration 
(drill pads and 
access tracks) 

undulating 
plain 

gentle gravel, 
clay loam 

80 

w17n322 -30.2335 119.3647 shrubland Acacia shrubland over Melaleuca shrubs over tussock 
grasses on ironstone gravel.  

 plain negligible gravel, 
clay loam 

65 

w17n327 -30.2483 119.3782 shrubland Scattered mallee eucalypts over Allocasuarina, 
Acacia, Eremophila and Santalum over mixed low 
shrubs on red-brown clay with banded ironstone 
gravel and stones. 

 hill slope moderate gravel, 
clay 

70 

w17n328 -30.2461 119.3774 shrubland Scattered mallee eucalypts over Acacia and 
Allocasuarina and Santalum over mixed low shrubs on 
red-brown clay soil with banded ironstone gravel, 
cobbles and rocks. 

evidence of 
feral animals 

hill slope moderate gravel, 
clay 

70 

w17n333 -30.2503 119.3934 open 
woodland 

Open mallee woodland over Acacia, Eremophila and 
Grevillea over mixed low shrubs on red-brown clay 
with banded ironstone gravel and stones. 

 plain gentle gravel, 
clay 

60 

w17n345 -30.2606 119.2836 mallee 
woodland 

Ecotone of mallee woodland over Allocasuarina and 
Acacia to Allocasuarina and Acacia shrubland, over 
Melaleuca, Eremophila and mixed low shrubs on 
ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

90 



Site Latitude Longitude Habitat type Habitat description Disturbance Topography Slope Soil 
Veg 

cover % 

w17n349 -30.2614 119.294 shrubland Scattered mallee eucalypts over Acacia, 
Allocasuarina, Eremophila and Grevillea over mixed 
low shrubs on red-brown clay with banded ironstone 
gravel. 

 hill slope gentle gravel, 
clay 

80 

w17n354 -30.2555 119.3076 shrubland Scattered mallee eucalypts over Allocasuarina, 
Eremophila, Acacia and Grevillea over mixed low 
shrubs on red-brown clay with banded ironstone 
gravel. 

exploration 
(drill pads and 
access tracks) 

hill slope gentle gravel, 
clay 

80 

w17n356 -30.256 119.3114 shrubland Mallee eucalypts over Acacia and Allocasuarina and 
over Grevillea and Eremophila over mixed low shrubs 
on red-brown clay with banded ironstone gravel. 

 hill slope gentle clay 80 

w17n360 -30.2606 119.327 shrubland Scattered mallee eucalypts and Acacia over 
Allocasuarina over mixed low shrubs on red-brown 
clay with banded ironstone gravel. 

 plain gentle clay 70 

w17n368 -30.2606 119.2997 shrubland Scattered mallee eucalypts over Allocasuarina, 
Grevillea, Eremophila over mixed low shrubs on red-
brown clay with banded ironstone gravel. 

 hill slope gentle gravel, 
clay 

80 

w17n369 -30.2632 119.304 shrubland Tall Allocasuarina over Allocasuarina, Acacia and 
Eremophila over mixed low shrubs on red-brown clay 
with banded ironstone gravel. 

 plain gentle gravel, 
clay 

80 

w17n373 -30.2544 119.3151 shrubland Scattered mallee eucalypts over Allocasuarina, 
Acacia, Eremophila and Grevillea over mixed low 
shrubs on red-brown clay with banded ironstone 
gravel. 

 hill slope gentle gravel, 
clay 

80 

w17n375 -30.255 119.3223 shrubland Eremophila over Grevillea over mixed low shrub on 
red-brown clay soil with scattered banded ironstone 
stones 

 hill slope gentle clay 90 

w17n376 -30.2599 119.278 shrubland Mallee eucalypts and Acacia over Allocasuarina and 
Eremophila and Grevillea over mixed shrubs on red-
brown clay with banded ironstone rocks. 

 hill slope gentle gravel, 
clay 

80 



Site Latitude Longitude Habitat type Habitat description Disturbance Topography Slope Soil 
Veg 

cover % 

w17n380 -30.2608 119.3031 shrubland Mallee eucalypts and Acacia over Allocasuarina and 
Eremophila over mixed shrubs on red-brown clay with 
banded ironstone gravel. 

 hill slope gentle clay 80 

w17n384 -30.2557 119.3177 shrubland Scattered mallee eucalypts over Allocasuarina, 
Acacia, and Eremophila over mixed low shrubs on red-
brown clay with banded ironstone gravel. 

 hill slope gentle gravel, 
clay 

70 

w17n386 -30.2562 119.3255 shrubland Scattered mallee eucalypts over Allocasuarina, 
Acacia, Grevillea and Eremophila over mixed low 
shrubs on red-brown clay with banded ironstone 
gravel. 

exploration 
(drill pads and 
access tracks) 

hill slope gentle gravel, 
clay 

80 

w17n389 -30.2549 119.3061 shrubland Mallee eucalypts and Acacia over Brachychiton and 
Allocasuarina and Eremophila over mixed low shrubs 
on red-brown clay with banded ironstone gravel. 

 hill slope gentle clay 70 

w17n390 -30.2558 119.3128 shrubland Mallee eucalypts and Acacia over Allocasuarina, 
Acacia over Grevillea and Eremophila over mixed low 
shrubs on red-brown clay with banded ironstone 
gravel. 

exploration 
(drill pads and 
access tracks) 

plain gentle clay 70 

w17n391 -30.2595 119.3283 shrubland Scattered mallee eucalypts over Allocasuarina and 
Melaleuca over mixed low shrubs on red-brown clay 
with banded ironstone gravel. 

 plain gentle gravel, 
clay 

90 

w17n395 -30.2583 119.3429 shrubland Scattered mallee eucalypts over Brachychiton, 
Allocasuarina, Acacia and Eremophila over mixed low 
shrubs on red-brown clay with banded ironstone 
gravel. 

 plain gentle gravel, 
clay 

90 

w17n398 -30.2552 119.3056 shrubland Scattered mallee eucalypts over Allocasuarina, 
Acacia, Grevillea, Eremophila and Brachychiton over 
mixed low shrubs on red-brown clay with banded 
ironstone gravel. 

exploration 
(drill pads and 
access tracks) 

plain gentle gravel, 
clay 

80 

w17n400 -30.2659 119.2636 shrubland Scattered mallee eucalypts over Melaleuca and Acacia 
and Allocasuarina over mixed low shrubs on red-
brown clay with banded ironstone gravel. 

 plain gentle gravel, 
clay 

80 



Site Latitude Longitude Habitat type Habitat description Disturbance Topography Slope Soil 
Veg 

cover % 

w17n402 -30.2188 119.1525 open 
woodland 

Open Eucalyptus woodland over Senna, Melaleuca 
and tall Acacia over mixed low shrubs over herbs on 
ironstone gravel.  

exploration 
(drill pads and 
access tracks) 

plain negligible gravel, 
clay loam 

60 

w17n403 -30.2498 119.2032 shrubland Scattered mallee eucalypts over Allocasuarina and 
Acacia over Eremophila and mixed low shrubs on red-
brown clay with banded ironstone gravel. 

exploration 
(drill pads and 
access tracks) 

hill slope gentle clay 80 

w17n404 -30.213 119.1514 shrubland Cleared area with small section of remnant Acacia 
woodland  

current 
operations 

plain negligible clay loam 60 

w17n405 -30.2425 119.1869 open 
woodland 

Open eucalypt woodland over Acacia, Senna, 
Eremophila, quongdong, over Ptilotus and mixed low 
shrubs on ironstone gravel. 

 plain negligible gravel, 
clay loam 

60 

w17n408 -30.2295 119.1599 open 
woodland 

Open Eucalyptus woodland over Acacia, Senna and 
santalaceae over Ptilotus over herbs on ironstone 
gravel.  

current 
operations, 
vehicle tracks 

plain negligible gravel, 
clay loam 

60 

w17n409 -30.2364 119.353 open 
woodland 

Open Eucalyptus woodland over Acacia over Senna 
over mixed low shrubs on ironstone gravel.  

 undulating 
plain 

gentle gravel, 
clay loam 

60 

MTJL001 -30.2429 119.1915 shrubland Allocasuarina shrubland with scattered mallee and 
Grevillea over Melaleuca over mixed low shrubs on 
ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

90 

MTJL002 -30.2437 119.1969 mallee 
woodland 

Mallee woodland over Acacia and Allocasuarina over 
Melaleuca and Eremophila over mixed low shrubs on 
ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

80 

MTJL003 -30.2594 119.2131 mallee 
woodland 

Mallee woodland over Allocasuarina and Acacia over 
Eremophila over mixed low shrubs on ironstone 
gravel.  

 hill slope gentle gravel, 
clay loam 

80 

MTJL004 -30.2441 119.1889 shrubland Allocasuarina and Acacia shrubland with scattered 
mallee over grey bush on ironstone gravel.  

 hill slope gentle gravel, 
clay loam 

100 



Site Latitude Longitude Habitat type Habitat description Disturbance Topography Slope Soil 
Veg 

cover % 

MTJL005 -30.2626 119.2686 shrubland Scattered mallee eucalypts over Allocasuarina over 
mixed low shrubs on red-brown clay with banded 
ironstone gravel. 

 plain negligible gravel, 
clay 

90 

MTJL006 -30.2628 119.2669 shrubland Scattered mallee eucalypts over Allocasuarina over 
mixed low shrubs on red-brown clay with banded 
ironstone gravel. 

 plain negligible gravel, 
clay 

90 

MTJL007 -30.2624 119.2665 shrubland Scattered mallee eucalypts over Allocasuarina over 
mixed low shrubs on red-brown clay with banded 
ironstone gravel. 

 plain negligible gravel, 
clay 

90 

MTJL008 -30.2627 119.2636 shrubland Scattered mallee eucalypts over Allocasuarina on red-
brown clay with banded ironstone gravel. 

 plain gentle gravel, 
clay 

90 

MTJL009 -30.2624 119.2612 shrubland Scattered mallee eucalypts over Allocasuarina over 
mixed low shrubs on red-brown clay with banded 
ironstone gravel. 

 plain gentle gravel, 
clay 

90 

MTJL010 -30.2641 119.2616 shrubland Scattered mallee eucalypts over Allocasuarina and 
mixed low shrubs on red-brown clay with banded 
ironstone gravel. 

 plain gentle gravel, 
clay 

90 

MTJL011 -30.2636 119.2636 shrubland Scattered mallee eucalypts over Allocasuarina and 
mixed low shrubs on red-brown clay with banded 
ironstone gravel. 

 plain gentle gravel, 
clay 

90 

MTJL012 -30.2646 119.2665 shrubland Scattered mallee eucalypts over Allocasuarina and 
mixed low shrubs on red-brown clay with banded 
ironstone gravel. 

 plain gentle gravel, 
clay 

80 

MTJL013 -30.2576 119.2435 shrubland Scattered mallee eucalypts over Acacia and 
Allocasuarina over mixed low shrubs on red-brown 
clay with banded ironstone gravel. 

 plain gentle gravel, 
clay 

70 

  



Appendix 4 Malleefowl habitat assessments 

Site Latitude Longitude Sand Canopy Leaf litter Ground level Mallee Melaleuca Mulga Triodia Score Malleefowl habitat 

W17n002 -30.2617 119.2618 0 1 1 1 1 1 1 0 6 Yes 

w17n024 -30.2667 119.2739 0 1 1 1 1 0 0 0 4 Yes 

W17n028 -30.2526 119.257 0 1 1 1 1 0 1 0 5 Yes 

w17n035 -30.2576 119.2659 0 1 1 1 1 0 0 0 4 Yes 

w17n038 -30.2579 119.2631 0 1 1 1 1 0 1 0 5 Yes 

w17n045 -30.2522 119.2595 0 1 1 1 1 0 0 0 4 Yes 

W17n046 -30.246 119.2735 0 1 1 1 1 0 1 0 5 Yes 

W17n047 -30.2481 119.275 0 1 1 1 1 0 1 0 5 Yes 

W17N048 -30.2485 119.2055 0 1 1 1 1 0 1 0 5 Yes 

W17n055 -30.2222 119.1566 0 1 1 1 1 0 1 0 5 Yes 

W17n056 -30.2269 119.159 0 1 1 1 1 0 1 0 5 Yes 

W17n057 -30.229 119.1634 0 1 1 1 1 0 1 0 5 Yes 

W17N058 -30.2316 119.1647 0 1 1 1 1 0 1 0 5 Yes 

W17N059 -30.2328 119.1696 0 1 1 1 1 0 1 0 5 Yes 

W17n061 -30.217 119.1534 0 1 1 1 1 0 1 0 5 Yes 

W17n062 -30.2234 119.1565 0 1 1 1 1 0 1 0 5 Yes 

W17n064 -30.2312 119.1664 0 1 1 1 1 0 1 0 5 Yes 

W17N065 -30.2323 119.1678 0 1 1 1 1 0 1 0 5 Yes 

W17n066 -30.2294 119.1638 0 1 1 1 1 0 1 0 5 Yes 



Site Latitude Longitude Sand Canopy Leaf litter Ground level Mallee Melaleuca Mulga Triodia Score Malleefowl habitat 

W17N068 -30.2327 119.1667 0 1 1 1 1 0 1 0 5 Yes 

w17n069 -30.234 119.1761 0 1 1 1 1 0 1 0 5 Yes 

W17n071 -30.2452 119.1816 0 1 1 1 1 0 1 0 5 Yes 

w17n072 -30.2345 119.1725 0 1 1 1 1 0 1 0 5 Yes 

w17n073 -30.2366 119.18 0 1 1 1 1 0 0 0 4 Yes 

W17N074 -30.2307 119.1647 0 1 1 1 1 0 1 0 5 Yes 

W17N075 -30.2319 119.1678 0 1 1 1 1 0 1 0 5 Yes 

W17N076 -30.2333 119.1686 0 1 1 1 1 0 1 0 5 Yes 

w17n077 -30.2348 119.1748 0 1 1 1 1 0 1 0 5 Yes 

W17N078 -30.2296 119.1634 0 1 1 1 1 0 1 0 5 Yes 

W17n080 -30.2406 119.1856 0 1 1 1 1 1 1 0 6 Yes 

W17n081 -30.2409 119.1882 0 1 1 1 1 1 1 0 6 Yes 

W17n083 -30.2394 119.1843 0 1 1 1 1 0 1 0 5 Yes 

w17n085 -30.237 119.1845 0 1 1 1 1 0 0 0 4 Yes 

W17n088 -30.2458 119.1961 0 1 1 1 1 0 1 0 5 Yes 

w17n090 -30.2483 119.1979 0 1 1 1 1 0 1 0 5 Yes 

W17n091 -30.2453 119.1951 0 1 1 1 1 0 0 0 4 Yes 

W17n093 -30.2464 119.195 0 1 1 1 1 0 0 0 4 Yes 

w17n094 -30.239 119.1824 0 1 1 1 1 0 1 0 5 Yes 

w17n095 -30.234 119.176 0 1 1 1 1 0 0 0 4 Yes 



Site Latitude Longitude Sand Canopy Leaf litter Ground level Mallee Melaleuca Mulga Triodia Score Malleefowl habitat 

W17n096 -30.2398 119.1847 0 1 1 1 1 0 1 0 5 Yes 

w17n097 -30.2649 119.2267 0 1 1 1 1 1 1 0 6 Yes 

w17n098 -30.2649 119.2232 0 1 1 1 1 0 1 0 5 Yes 

w17n099 -30.2608 119.2228 0 1 1 0 1 0 1 0 4 Yes 

w17n100 -30.2635 119.2217 0 1 1 1 1 0 0 0 4 Yes 

w17n101 -30.2633 119.2203 0 1 1 1 1 0 1 0 5 Yes 

w17n102 -30.2625 119.2189 0 1 1 1 1 0 0 0 4 Yes 

w17n104 -30.2613 119.2156 0 1 1 1 1 0 0 0 4 Yes 

w17n107 -30.2599 119.2119 0 1 1 1 1 0 1 0 5 Yes 

W17N109 -30.2561 119.2101 0 1 1 1 1 0 1 0 5 Yes 

W17N110 -30.2562 119.2097 0 1 1 1 1 0 1 0 5 Yes 

W17N111 -30.2543 119.2093 0 1 1 1 1 0 1 0 5 Yes 

W17N112 -30.2573 119.2132 0 1 1 1 1 0 1 0 5 Yes 

w17n116 -30.2613 119.2157 0 1 1 1 1 0 0 0 4 Yes 

w17n117 -30.2613 119.2182 0 1 1 1 1 0 0 0 4 Yes 

w17n119 -30.2468 119.2023 0 1 1 1 1 0 1 0 5 Yes 

w17n121 -30.2511 119.1995 0 1 1 1 1 0 1 0 5 Yes 

W17N125 -30.2521 119.2047 0 1 1 1 1 0 1 0 5 Yes 

W17N126 -30.2514 119.2056 0 1 1 1 0 1 0 0 4 Yes 



Site Latitude Longitude Sand Canopy Leaf litter Ground level Mallee Melaleuca Mulga Triodia Score Malleefowl habitat 

W17N127 -30.2534 119.2073 0 1 1 1 1 1 1 0 6 Yes 

W17N128 -30.2538 119.2073 0 1 1 1 1 1 0 0 5 Yes 

W17N129 -30.2517 119.2085 0 1 1 1 1 0 1 0 5 Yes 

w17n131 -30.2626 119.2262 0 1 1 1 1 1 1 0 6 Yes 

w17n132 -30.2608 119.2247 0 1 1 1 0 1 0 0 4 Yes 

w17n134 -30.2609 119.2147 0 1 1 1 1 0 0 0 4 Yes 

w17n136 -30.2529 119.2008 0 1 1 1 1 0 1 0 5 Yes 

w17n137 -30.2521 119.2052 0 1 1 1 1 0 1 0 5 Yes 

W17n140 -30.2437 119.2573 0 1 1 1 1 1 1 0 6 Yes 

W17n141 -30.24 119.2704 0 1 1 1 1 0 1 0 5 Yes 

W17n142 -30.2381 119.2702 0 1 1 1 1 0 1 0 5 Yes 

W17n144 -30.2414 119.2649 0 1 1 1 0 0 1 0 4 Yes 

W17n146 -30.2419 119.2705 0 1 1 1 1 0 1 0 5 Yes 

w17n150 -30.2582 119.248 0 1 1 1 1 0 1 0 5 Yes 

w17n155 -30.2594 119.2384 0 1 1 1 1 0 1 0 5 Yes 

w17n158 -30.2594 119.24 0 1 1 1 1 0 1 0 5 Yes 

w17n161 -30.2619 119.2357 0 1 1 1 1 0 1 0 5 Yes 

w17n166 -30.2612 119.249 0 1 1 1 1 0 1 0 5 Yes 

w17n167 -30.2615 119.2403 0 1 1 1 1 0 1 0 5 Yes 

w17n168 -30.2617 119.233 0 1 1 1 1 0 1 0 5 Yes 

W17n171 -30.2399 119.262 0 1 1 1 1 0 1 0 5 Yes 

W17n172 -30.2419 119.26 0 1 1 1 1 0 1 0 5 Yes 



Site Latitude Longitude Sand Canopy Leaf litter Ground level Mallee Melaleuca Mulga Triodia Score Malleefowl habitat 

w17n174 -30.2409 119.2645 0 1 1 1 1 0 1 0 5 Yes 

w17n175 -30.2594 119.2387 0 1 1 1 1 0 1 0 5 Yes 

W17n177 -30.2428 119.2525 0 1 1 1 1 0 1 0 5 Yes 

W17n179 -30.2426 119.2688 0 1 1 1 1 0 1 0 5 Yes 

W17n181 -30.2709 119.2319 0 1 1 1 1 0 1 0 5 Yes 

w17n182 -30.2698 119.2398 0 1 1 1 1 0 1 0 5 Yes 

w17n183 -30.2666 119.2314 0 1 1 1 1 0 1 0 5 Yes 

W17n184 -30.2666 119.2359 0 1 1 1 1 0 1 0 5 Yes 

w17n185 -30.2632 119.2326 0 1 1 1 1 0 1 0 5 Yes 

w17n186 -30.2472 119.2541 0 1 1 1 1 0 1 0 5 Yes 

W17n188 -30.2442 119.2611 0 1 1 1 1 0 1 0 5 Yes 

W17n189 -30.2713 119.2386 0 1 1 1 1 0 0 0 4 Yes 

W17n190 -30.2694 119.2398 0 1 1 1 1 0 1 0 5 Yes 

W17n191 -30.2696 119.2367 0 1 1 1 1 0 1 0 5 Yes 

W17n192 -30.2696 119.2339 0 1 1 1 1 0 1 0 5 Yes 

W17n193 -30.2695 119.2305 0 0 1 1 1 0 1 0 4 Yes 

w17n194 -30.2662 119.2319 0 1 1 1 1 0 1 0 5 Yes 

W17n204 -30.2253 119.1746 0 1 1 1 1 0 1 0 5 Yes 

W17n207 -30.2216 119.1808 0 0 1 1 0 0 1 0 3 No 

W17n213 -30.2321 119.1862 0 1 1 1 1 0 1 0 5 Yes 

W17n216 -30.2327 119.1885 0 0 1 1 1 0 1 0 4 Yes 

w17n220 -30.236 119.1785 0 1 1 1 1 0 0 0 4 Yes 

w17n221 -30.2371 119.1835 0 1 1 1 1 0 1 0 5 Yes 

w17n222 -30.258 119.2201 0 1 1 1 1 0 1 0 5 Yes 



Site Latitude Longitude Sand Canopy Leaf litter Ground level Mallee Melaleuca Mulga Triodia Score Malleefowl habitat 

w17n223 -30.2603 119.2187 0 1 1 1 1 0 1 0 5 Yes 

w17n230 -30.2643 119.2296 0 1 1 1 1 0 1 0 5 Yes 

w17n244 -30.2491 119.2085 0 1 1 1 1 0 1 0 5 Yes 

w17n247 -30.2592 119.2233 0 1 1 1 1 0 1 0 5 Yes 

w17n263 -30.238 119.3589 0 1 1 1 1 0 1 0 5 Yes 

w17n267 -30.2457 119.3696 0 1 1 1 0 0 1 0 4 Yes 

w17n283 -30.2341 119.3524 0 1 1 1 1 0 1 0 5 Yes 

w17n288 -30.245 119.3772 0 1 1 0 1 0 1 0 4 Yes 

w17n294 -30.2373 119.3523 0 1 1 1 1 0 1 0 5 Yes 

w17n298 -30.2376 119.3554 0 1 1 1 1 0 1 0 5 Yes 

w17n301 -30.244 119.3683 0 1 1 1 0 0 1 0 4 Yes 

w17n303 -30.2503 119.3781 0 1 1 0 1 0 1 0 4 Yes 

w17n304 -30.2484 119.3788 0 1 1 0 1 0 1 0 4 Yes 

w17n312 -30.2528 119.3887 0 1 1 1 1 0 1 0 5 Yes 

w17n317 -30.2362 119.349 0 1 1 1 1 0 1 0 5 Yes 

w17n322 -30.2335 119.3647 0 1 1 1 0 0 1 0 4 Yes 

w17n327 -30.2483 119.3782 0 1 1 0 1 0 1 0 4 Yes 

w17n328 -30.2461 119.3774 0 1 1 0 1 0 1 0 4 Yes 

w17n333 -30.2503 119.3934 0 1 1 1 1 0 1 0 5 Yes 

w17n345 -30.2606 119.2836 0 1 1 1 1 1 1 0 6 Yes 

w17n349 -30.2614 119.294 0 1 1 1 1 0 1 0 5 Yes 

w17n354 -30.2555 119.3076 0 1 1 1 1 0 1 0 5 Yes 

w17n356 -30.256 119.3114 0 1 1 1 1 0 1 0 5 Yes 

w17n360 -30.2606 119.327 0 1 1 1 1 0 1 0 5 Yes 



Site Latitude Longitude Sand Canopy Leaf litter Ground level Mallee Melaleuca Mulga Triodia Score Malleefowl habitat 

w17n368 -30.2606 119.2997 0 1 1 1 1 0 0 0 4 Yes 

w17n369 -30.2632 119.304 0 1 1 1 0 0 1 0 4 Yes 

w17n373 -30.2544 119.3151 0 1 1 1 1 0 1 0 5 Yes 

w17n375 -30.255 119.3223 0 1 1 1 0 0 1 0 4 Yes 

w17n376 -30.2599 119.278 0 1 1 1 1 0 1 0 5 Yes 

w17n380 -30.2608 119.3031 0 1 1 1 1 0 1 0 5 Yes 

w17n384 -30.2557 119.3177 0 1 1 1 1 0 1 0 5 Yes 

w17n386 -30.2562 119.3255 0 1 1 1 1 0 1 0 5 Yes 

w17n389 -30.2549 119.3061 0 1 1 1 1 0 1 0 5 Yes 

w17n390 -30.2558 119.3128 0 1 1 1 1 0 1 0 5 Yes 

w17n391 -30.2595 119.3283 0 1 1 1 1 1 0 0 5 Yes 

w17n395 -30.2583 119.3429 0 1 1 1 1 0 1 0 5 Yes 

w17n398 -30.2552 119.3056 0 1 1 1 1 0 1 0 5 Yes 

w17n400 -30.2659 119.2636 0 1 1 1 1 1 1 0 6 Yes 

w17n402 -30.2188 119.1525 0 1 1 1 0 1 1 0 5 Yes 

w17n403 -30.2498 119.2032 0 1 1 1 1 0 1 0 5 Yes 

w17n404 -30.213 119.1514 0 0 1 1 0 0 1 0 3 No 

w17n405 -30.2425 119.1869 0 1 1 1 1 0 1 0 5 Yes 

w17n408 -30.2295 119.1599 0 0 1 1 1 0 1 0 4 Yes 

w17n409 -30.2364 119.353 0 0 1 1 1 0 1 0 4 Yes 

MTJL001 -30.2429 119.1915 0 1 1 1 1 1 0 0 5 Yes 

MTJL002 -30.2437 119.1969 0 1 1 1 1 1 1 0 6 Yes 

MTJL003 -30.2594 119.2131 0 1 1 1 1 0 1 0 5 Yes 

MTJL004 -30.2441 119.1889 0 1 1 1 1 0 1 0 5 Yes 



Site Latitude Longitude Sand Canopy Leaf litter Ground level Mallee Melaleuca Mulga Triodia Score Malleefowl habitat 

MTJL005 -30.2626 119.2686 0 1 1 1 1 0 0 0 4 Yes 

MTJL006 -30.2628 119.2669 0 1 1 1 1 0 0 0 4 Yes 

MTJL007 -30.2624 119.2665 0 1 1 1 1 0 0 0 4 Yes 

MTJL008 -30.2627 119.2636 0 1 1 1 1 0 0 0 4 Yes 

MTJL009 -30.2624 119.2612 0 1 1 1 1 0 0 0 4 Yes 

MTJL010 -30.2641 119.2616 0 1 1 1 1 0 0 0 4 Yes 

MTJL011 -30.2636 119.2636 0 1 1 1 1 0 0 0 4 Yes 

MTJL012 -30.2646 119.2665 0 1 1 1 1 0 0 0 4 Yes 

MTJL013 -30.2576 119.2435 0 1 1 1 1 0 1 0 5 Yes 
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1.0 INTRODUCTION 

Mineral Resources Ltd  (MRL) operates  iron ore mines at Koolyanobbing, Mt  Jackson and Windarling. Mined ore  is 
processed at Koolyanobbing and transported by rail to the Port of Esperance where the processed ore is exported to 
international customers. 

Rehabilitation of waste dumps  commenced  in 2004.  In 2013 a monitoring program was  implemented across  the 
operations to enable collection of data from a series of monitoring sites established on rehabilitated waste dumps 
and in undisturbed vegetation (reference sites). The data collected is intended to demonstrate progress toward, and 
ultimately achievement of, closure criteria for rehabilitated areas, as agreed by the regulatory agencies. 

This report provides the results of monitoring conducted at Koolyanobbing, Mt Jackson and Windarling from August 
to October 2021 along with comparison to the reference sites and previously collected data.  
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2.0 METHODOLOGY 

2.1 Monitoring site structure 

The monitoring sites are based on a layout recommended by Woodman Environmental Consulting. Each transect is 
50m x 10m with twenty 2m x 2m quadrats nested within the transect, arranged  in five groups of four (Figure 2.1). 
The corners and centre line of the transect and quadrats are marked with steel “fence droppers”. 

Transects have been orientated perpendicular to the slope on waste dumps, which was found during the initial trials 
to provide more diversity than a horizontal alignment. 

 
Figure 2.1: Layout of the monitoring sites. 

During data collection a photograph is taken from each end of the transect and a tape is laid along the centre line of 
the transect. Another tape is used to delineate the quadrats. 

The information listed in Table 2.1 is then collected. An average for each measured parameter is calculated for the 
quadrats within the transect. This information is collected for both the reference sites and rehabilitation sites and is 
used to provide comparative data for assessment of progress toward achievement of closure completion criteria. 

Table 2.1: Monitoring observations and parameters 

Sampling unit  Observations and Parameters 

Transect  
(50m x 10m) 

Photographic record of vegetation from fixed points at the start and end of the plot. 
Where appropriate, a description of the vegetation unit in accordance with the Native Vegetation 
Information System (NVIS). 
Abundance of trees (>1.3m height) and seedlings (<1.3m height) by species (alive and dead). 
Description of erosion severity, measured according to a scale that has been developed for the task. 

Quadrat  
(2m x 2m) 

% live foliage cover. 
% dead foliage cover.  
% leaf litter cover.  
Species richness for both native and weed species. 
Abundance of annual and perennial plants by species, alive and dead, for native and introduced 
(“weed”) species. 
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An assessment of erosion was  carried out  for each  transect using  the  criteria provided  in Table 2.2. The  scale  is 
adapted from a Department of Minerals and Energy (c. 1990’s) guideline on waste dump rehabilitation. 

Table 2.2: Erosion assessment criteria. 

Type of Erosion  Rilling/ Sheet/ Gullying/ Dusting/ Piping/ Other 

Severity of erosion 

1:   Width: <0.2m; Depth <0.2m 

2:   Width/Depth:  0.2m – 0.4m 

3:   Width/Depth:  0.4m – 0.6m 

4:   Width/Depth:  0.6m – 0.8m 

5:   Width/Depth:  0.8m – 1.0m 

6:   Width/Depth:  >1.0m 

2.2 Closure completion criteria 

Closure completion criteria have previously been defined for the project. Data collected from the rehabilitation sites 
is used to calculate the criteria, which is then compared to the same data collected from the relevant reference sites. 

The criteria are: 

 Average total  live foliage cover per 2x2m quadrat – a measure of the percentage cover of  living plants  in 
each quadrat. 

 Average  number  of  live  native  perennial  individuals  per  2x2  –  a  count  of  the  number  of  living  native 
perennial plants in each quadrat, averaged over the 20 quadrats for each transect. 

 Total  native  species  richness  per  transect  –  the  number  of  species  of  native  plant  present within  the 
quadrats of the transect. 

2.3 Reference monitoring site locations 

Reference monitoring sites have been established  in the main vegetation types present  in the surrounding area of 
each waste dump. In most cases, three sites have been established per vegetation type and are intended to provide 
representative data  that  can be used  for  comparison with  the  rehabilitation monitoring  sites. The data  collected 
from the monitoring sites within each vegetation type is used to calculate an average for each parameter. 

Table  2.3  provides  a  list  of  the  reference  sites  that  have  been  established,  including  four  new  reference  sites 
established at F deposit in 2021. Data was collected from the sites shaded in green during the 2021 monitoring.  

Site plans showing the location and vegetation of the reference sites are included in Appendix 1. 

Table 2.3: Reference site vegetation types and location. 

Koolyanobbing 

Site 
number 

Vegetation type  Coordinates 

N 01 
Salt lake fringing vegetation of Atriplex and other Chenopods with occasional 
shrubs 

740715  6588743 

N 02  740526  6588696 

N 05  740179  6589001 

N 03 

Acacia shrubland 

739928  6590809 

N 04  739731  6590805 

N 06  739850  6590547 

N 07 
Eucalyptus woodland with occasional shrubs 

739465  6590909 

N 08  739521  6591069 
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N 09  739356  6591008 

KN 01 

Low Eucalyptus mallee woodland over tall Acacia shrubland 

743727  6584421 

KN 04  744790  6584214 

KN 11  744864  6584993 

KN 03 

Eucalyptus woodland over tall to mid sparse Atriplex, Exocarpa, Eremophila 
shrubland 

744674  6587055 

KN 05  742990  6587280 

KN 07  743945  6586368 

KN 13  743915  6586686 

KN 06 
Mid to low Eucalyptus mallee woodland over tall Allocasuarina shrubland 

743444  6586288 

KN 09  741659  6585880 

F Deposit 

Site 
number 

Vegetation type  Coordinates 

FN 01  Mid to low Eucalyptus woodland over tall to mid sparse Atriplex and Eremophila 
shrubland  

750948  6581191 

FN 02  750436  6582001 

FN 03  Tall open Acacia shrubland over mid open Dodonaea, Scaevola, Philotheca and 
Eremophila shrubland  

748435  6583178 

FN 04  750317  6580998 

FN 05  Low isolated trees and mallees of Eucalyptus longissima, Banksia arborea and 
Brachychiton gregorii over tall to open Acacia and Allocasuarina shrubland  

745914  6584043 

FN 06  746185  6583747 

Mt Jackson 

Site 
number 

Vegetation type  Coordinates 

JN 01 

Closed Allocasuarina shrubland 

718544  6649904 

JN 02  718737  6649432 

JN 09  718273  6649712 

JN 03 

Open Eucalyptus ebbanoensis woodland 

717668  6649453 

JN 04  717477  6649454 

JN 13  716636  6649343 

JN 05 
Allocasuarina acutivalvis and Acacia sp. Mt Jackson shrubland with occasional 
Eucalypts 

718722  6650756 

JN 07  718540  6650688 

JN 08  718477  6650526 

JN 10 
Open Eucalyptus ebbanoensis woodland over Allocasuarina and Acacia sp. Mt 
Jackson shrubland 

717122  6650758 

JN 11  716738  6650179 

JN 12  716845  6650124 

JN 06  Acacia effusifolia and Allocasuarina acutivalvis shrubland  718540  6651520 

J1N 01 
Eucalyptus salubris and/or Eucalyptus salmonophloia woodland over chenopod 
understorey 

706848  6653556 

J1N 03  707734  6656609 

J1N 09  709593  6652546 

J1N 04 
Acacia sp. Mt Jackson shrubland        

709292  6654580 

J1N 06  709584  6654000 
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J1N 07  711160    6653286 

J1N 02 

Eucalyptus corrugata woodland 

706722    6656316 

J1N 05  709292    6654580 

J1N 08  709240    6653056 

Windarling 

Site 
number 

Vegetation type  Coordinates 

WN 01 
Eucalyptus longissima open low woodland over Acacia effusifolia and A. 
cockertoniana shrubland 

720299  6677348 

WN 03  722905  6677210 

WN 15  721126  6676458 

WN 02 

Acacia effusifolia shrubland 

722717  6676779 

WN 11  723001  6676206 

WN 12  718476  6678143 

WN 04 
Eucalyptus corrugata and E. longissima woodland over Acacia effusifolia and 
A. cockertoniana shrubland 

722142  6676399 

WN 05  720355  6676100 

WN 14  721215  6676480 

WN 06 

Acacia aneura and A. ramulosa shrubland 

717491  6676000 

WN 07  717620  6678282 

WN 08  718782  6678495 

WN 09 

Acacia cockertoniana and A. aneura shrubland with Olearia humilis 

719217  6678302 

WN 10  719013  6678015 

WN 13  719228  6678102 

Deception 

Site 
number  Vegetation type  Coordinates 

DN 01  Acacia tall shrubland over Philotheca brucei and Eremophila metallicorum low 
open shrubland  718176  6696070 

DN 02  Eucalyptus salubris and/or E. loxophleba subsp. lissophloia woodland over 
Eremophila scoparia, Atriplex shrubland.  718194  6696255 

DN 03  Eucalyptus longissima, E. corrugata very open woodland over Acacia, Eremophila 
shrubland. 

720100  6697000 

DN 04  Acacia cockertoniana, A. ramulosa var. ramulosa tall shrubland over Philotheca 
brucei subsp. brucei, Eremophila clarkei, Dodonaea rigida open shrubland.  719300  6697000 
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2.4 Rehabilitation monitoring site locations 

Table  2.4  lists  the  rehabilitation monitoring  sites  that  have  been  established  and  had  data  collected  to  date. 
Monitoring was conducted of those shaded in green during 2021. 

Site plans showing the location of the reference sites are included in Appendix 1. 

Table 2.4: Rehabilitation monitoring sites currently established across the project area. 

Koolyanobbing 

Site 
number 

Location  Coordinates  Site number  Location  Coordinates 

K 05  K Waste Dump  740268  6590945  A1 01  A1 Waste Dump  742527  6586576 

K 06  K Waste Dump  740382  6591108  A1 02  A1 Waste Dump  743160  6586146 

K 07  K Waste Dump  741390  6590938  A1 03  A1 Waste Dump  743050  6585824 

K 09  K Waste Dump  740961  6591072  A1 04  A1 Waste Dump  742775  6586453 

K 10  K Waste Dump  740399  6591279         

K 11  K Waste Dump  740206  6590281  A2 01  A2 Waste Dump  742448  6587103 

K 12  K Waste Dump  740288  6589968         

K 13  K Waste Dump  740647  6589496  BC 01  BC Waste Dump  743891  6586226 

K 14  K Waste Dump  740948  6589224  BC 02  BC Waste Dump  744478  6585639 

K 15  K Waste Dump  741147  6589256  BC 03  BC Waste Dump  744170  6586025 

K 16  K Waste Dump  741597  6590602  BC 04  BC Waste Dump  743483  6585866 

K 17  K Waste Dump  741339  6590938  BC 06  BC Waste Dump  743702  6585752 

K 18  K Waste Dump  740837  6590767         

K 19  K Waste Dump  740530  6591029         

K 24  K Waste Dump  741286    6590360         

Mt Jackson 

J1 01  J1 Waste Dump  707479  6656399  J3 01  J3 Waste Dump  718458  6651366 

J1 02  J1 Waste Dump  708066  6656151  J3 02  J3 Waste Dump  718684  6651076 

J1 04  J1 Waste Dump  708168  6655815  J3 03  J3 Waste Dump  718516  6650876 

J2 01  J2 Waste Dump  716513  6649433         

J2 02  J2 Waste Dump  716461  6649143         

J2 03  J2 Waste Dump  716173  6649715         

Windarling 

W2 01  W2 Waste Dump  717822  6676119  W3 01  W3 Waste Dump  720546  6677185 

W2 02  W2 Waste Dump  719153  6676302  W3 02  W3 Waste Dump  720822  6677434 

W2 03  W2 Waste Dump  717500  6676876  W3 03  W3 Waste Dump  721745  6677606 

W2 04  W2 Waste Dump  718543  6676145  W3 04  W3 Waste Dump  721757  6676959 

W2 05  W2 Waste Dump  718877  6676760  W3 05  W3 Waste Dump  721952  6677369 

W2 06  W2 Waste Dump  718673  6676581         

W2 07  W2 Waste Dump  719117  6676575         

W2 08  W2 Waste Dump  717530  6677279         

W2 09  W2 Waste Dump  717318  6676570         

W2 10  W2 Waste Dump  718863  6676218         
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2.5 2021 data collection 

Data was collected from approximately 1/3 of the rehabilitation and reference sites during the 2021 monitoring. It is 
intended that the remaining sites will be monitored in subsequent years. 

Sites that were not monitored during 2021 were photographed with a vegetation description and health recorded 
for each. This information is provided in Appendix 2. 
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3.0 RESULTS 

3.1 Overview 

Analysis of  the data collected during  the 2021 monitoring has generally demonstrated very good progress toward 
achievement of closure criteria across the project.  

At Koolyanobbing, each of  the  sites monitored  in 2021 on A1  and B‐C waste dumps demonstrated  achievement 
closure criteria. The 2021 monitored sites on K waste Dump demonstrated partial achievement of closure criteria.  

At Mt Jackson, all sites at J1, J2 and J3 waste dumps demonstrated at least partial achievement of closure criteria.  

At Windarling, each of the sites monitored on W2 waste dump demonstrated partial achievement of closure criteria. 
On W3 waste  dump  three  sites  demonstrated  partial  achievement  and  two  sites  are  yet  to  achieve  any  of  the 
criteria. 

The  following  sections  provide  a  summary  of  the  results  of monitoring  for  each  site,  including  tables  showing 
comparison  of  the  rehabilitation  data with  reference  site  data  for  each  of  the  closure  criteria. Monitoring  site 
numbers  in dark  red are  those  for which monitoring was conducted  in 2021. Those  in orange were monitored  in 
2020,  those  in  green were monitored  in  2019,  and  those  in  blue were monitored  in  2018.  The  “Comparison  to 
previous” column provides an indication of improvement (↑) or decline (↓) compared to previous monitoring data 
(where available). 

Incidental species have been noted in 2021 and included in the comments section.  

3.2 Koolyanobbing 

3.2.1 K Waste Dump 

Monitoring was undertaken on K Waste Dump at sites K06, K09, K10, K11, K12 and K14  in August 2021. Reference 
sites N01, N04 and N07 were also completed during the 2021 monitoring period and the results combined with the 
previous data to provide updated comparative data. 

Species richness 

The number of native species in each of the monitored waste dump transects ranged from 4 to 14. In comparison, 
the reference sites ranged from 20 to 36 native species per transect. 

Abundance 

The average number of  live native perennial  individuals per 2 x 2m quadrat  in each waste dump  transect  ranged 
from  1.7  (K14)  to  43.3  (K06).  The  average number of  live  native perennial  individuals per  2  x 2m  reference  site 
quadrat ranged from 2.6 to 69.0. 

Weeds 

Three weed  species were  recorded  in  the waste dump monitoring  sites  in 2021. They were Common  sow  thistle 
(Sonchus oleraceus), Ruby dock (Acetosa vesicaria) and Ward’s weed (Carrichtera annua). No weeds were recorded 
in the reference sites. 

General comments 

Soils on K Waste Dump are generally moderately to highly saline, often with a salt crust visible on the surface. The 
southern end of the waste dump  is  the worst affected, having had extremely saline waste material placed on  the 
outer surface prior to rehabilitation. 

The  following pages provide a  summary of  the data  collected and photographs  from each of  the K Waste Dump 
rehabilitation monitoring sites completed in 2021.  

Table 3.1 provides a comparison with the closure criteria developed from data obtained from the reference sites. 



Rehabilitation Monitoring Report – Koolyanobbing, Mt Jackson and Windarling   October 2021 

12 

Site number:  K06 

Date:  24/08/2021 

Vegetation 
description: 

Mixed Atriplex  sp. mid  open  chenopod  shrubland  over Maireana  sp.  low  sparse  chenopod 
shrubland. 

Erosion:   

Comments:   

Photograph 1:  K06 East end 

 
Photograph 2:  K06 West end  
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Site number:  K09 

Date:  24/08/2021 

Vegetation 
description: 

Atriplex vesicaria and Atriplex  codonocarpa mid open  shrubland over  low  sparse Chenopod 
shrubland over Mesembryanthemum nodiflorum low sparse herbland. 

Erosion:   

Comments:  Incidental species: Ptilotus exaltatus 

Photograph 1:  K09 North end 

 
Photograph 2:  K09 South end 
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Site number:  K10 

Date:  24/08/2021 

Vegetation 
description: 

Atriplex  vesicaria and Atriplex  codonocarpa mid open  chenopod  shrubland over  low  sparse 
chenopod shrubland 

Erosion:   

Comments:   

Photograph 1:  K10 East end 

 
Photograph 2:  K10 West end 
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Site number:  K11 

Date:  23/08/2021 

Vegetation 
description: 

Atriplex vesicaria mid open chenopod shrubland over low sparse chenopod shrubland. 

Erosion:  Minor gully at base of transect.  

Severity = 2. 

Comments:  Incidental species:  
Acacia acuminata, Senna artemisiodes subsp. filifolia, Solanum lassiophyllum. 

Photograph 1:  K11 East end 

 
Photograph 2:  K11 West end 
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Site number:  K12 

Date:  23/08/2021 

Vegetation 
description: 

Atriplex vesicaria and Atriplex codonocarpa mid open chenopod shrubland over low sparse 
chenopod shrubland. 

Erosion:  Gullies along length of transect.  

Severity = 1‐2 

Comments:  Incidental species: Erodium cygnorum. 

Photograph 1:  K12 East end 

 
Photograph 2:  K12 West end 
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Site number:  K14 

Date:  23/08/2021 

Vegetation 
description: 

Isolated chenopod shrubs. 

Erosion:  Gullies along length of transect. 

Severity = 1‐2 

Comments:  Saline soil with poor soil structure and low organic content. Very little vegetation growth. 

Photograph 1:  K14 North end 

 
Photograph 2:  K14 South end 
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3.2.2 B‐C Waste Dump 

Monitoring was undertaken on B‐C Waste Dump at sites BC02, BC04 and BC06 on 22 August 2021. Reference sites 
KN06, KN07 and KN11 were also completed during the 2021 monitoring period and the results combined with the 
previous data to provide updated comparative data. 

Species richness 

The number of native species in the waste dump transects ranged from 16 in BC06 to 32 in BC04. In comparison the 
reference sites ranged from 13 to 21 native species per transect. 

Abundance 

The average number of live native perennial plant individuals per 2 x 2m quadrat in each waste dump transect was 
42.9 in BC06, 61.4 in BC02 and 61.9 in BC04. The average number of live native perennial plant individuals per 2 x 2m 
reference site quadrat ranged from 3.1 to 10.1. 

Weeds 

Ward’s  weed  (Carrichtera  annua),  ruby  dock  (Acetosa  vesicaria),  Maltese  cockspur  (Centaurea  melitensis)  and 
common sowthistle (Sonchus oleraceus) were recorded in the waste dump monitoring sites in 2021. No weeds were 
recorded in the reference sites. 

General comments 

Rehabilitation on B‐C Waste Dump has progressed very well, with all sites monitored during 2021 having achieved 
the closure completion criteria. The waste dump slopes display a high degree of stability with generally very good 
species diversity. 

The  following  pages  provide  a  summary  of  the  data  collected  and  photographs  from  the  B‐C  Waste  Dump 
rehabilitation monitoring sites completed in 2021.  

Table 3.2 provides a comparison with the closure criteria developed from data obtained from the reference sites. 
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Site number:  BC02 

Date:  22/08/2021 

Vegetation 
description: 

Scattered Eucalyptus sp. trees over Atriplex codonocarpa mid open shrubland over low sparse 
chenopod and Ptilotus exaltatus shrubland over Roepera aurantiacum low sparse herbland. 

Erosion:  Nil. 

Comments:  Incidental species:  
Acacia erinaceae, Acacia sp. Mt Jackson, Grevillea zygoloba, Scaevola spinescens 

Four weed species present. 

Photograph 1:  BC02 North end 

 
Photograph 2:  BC02 South end 
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Site number:  BC04 

Date:  22/08/2021 

Vegetation 
description: 

Acacia acuminata, Acacia sp. Mt Jackson (quadrimarginea) and Dodonaea low open shrubland 
over low sparse chenopod shrubland. 

Erosion:  None noted. 

Comments:  Incidental species: 
Acacia merrallii, Grevillea zygoloba, Scaevola spinescens, Swainsona canescens.  
Four weed species present. 

Photograph 1:  BC04 North end 

 
Photograph 2:  BC04 South end 
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Site number:  BC06 

Date:  22/08/2021 

Vegetation 
description: 

Atriplex vesicaria and Atriplex codonocarpa mid open shrubland over Maireana low shrubland 
over mixed chenopod species and Roepera aurantiaca herbland. 

Erosion:  None noted. 

Comments:  Incidental species: 
Eremophila ionantha, Roepera eremaea. 

Four weed species present. 

Photograph 1:  BC06 North end 

 
Photograph 2:  BC06 South end 
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3.2.3 A1 and A2 Waste Dump 

Monitoring was undertaken on the A1 waste dump at sites A101 and A102 on 22 August 2021. Reference sites KN06, 
KN07 and KN11 were also completed during the 2021 monitoring period and the results combined with the previous 
data to provide updated comparative data. 

Species richness 

The number of native species in the monitored waste dump transects was 18 in A102 to 20 in A101. In comparison, 
the reference sites ranged from 13 to 21 native species per transect. 

Abundance 

The average number of live native perennial plant individuals per 2 x 2m quadrat in each waste dump transect was 
19.9  in A101 and 28.8 in A102. The average number of  live native perennial plant  individuals per 2 x 2m reference 
site quadrat ranged from 3.1 to 10.1. 

Weeds 

Ward’s  weed  (Carrichtera  annua),  Maltese  cockspur  (Centaurea  melitensis),  ruby  dock  (Rumex  vesicarius)  and 
common  sowthistle  (Sonchus  oleraceus) were  recorded  in  the waste  dump monitoring  sites  in  2021.  No weed 
species were recorded in the reference sites.  

General comments 

Rehabilitation on the A1 waste dump has progressed well, with both sites monitored during 2021 having achieved 
the closure completion criteria. The waste dump slopes display a high degree of stability. 

The following pages provide a summary of the data collected and photographs from the A1 rehabilitation monitoring 
sites completed in 2021.  

Table 3.3 provides a comparison with the closure criteria developed from data obtained from the reference sites. 
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Site number:  A101 

Date:  22/08/2021 

Vegetation 
description: 

Eucalyptus  corrugata  very  open  woodland  over  Atriplex  nummularia  and  Acacia  sp.  Mt 
Jackson open shrubland. 

Erosion:  Nil. 

Comments:  Incidental species: 
Acacia merrelii, Eremophila clarkei  

Two weed species present. 

Photograph 1:  A101 East end 

 
Photograph 2:  A101 West end 
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Site number:  A102 

Date:  22/08/2021 

Vegetation 
description: 

Acacia acuminata shrubland over Atriplex spp. tending to Eucalypt very open woodland over 
Atriplex spp. 

Erosion:  None noted. 

Comments:  Incidental species:  
Atriplex nummularia, Ptilotus holosericeus, Senna artemisiodes subsp. filifolia. 

Three weed species present. 

Photograph 1:  A102 North end 

 
Photograph 2:  A1 04 South end 
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Table 3.1: K Waste Dump comparison with closure completion criteria. 

  Reference Sites 

Completion 
Criteria  
(70% of 
average) 

Waste Dump Sites 

  Eucalypt 
woodland 

Acacia 
shrubland 

Salt lake 
fringing 

vegetation 
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K 13 
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Average total live foliage 
cover per 2x2 (%)  40.3  38.4  32.5  25.9  15.7  ↑  34.0  ↑  37.1  ↑  33.0  ↑  57.0  ↑  25.0  ↓  29.0  ↑  13.0  ↑ 

Average number of live 
native perennial 

individuals per 2x2 
3.0  5.4  32.9  9.6  6.7  ↑  43.3  ↑  18.1  ↑  16.6  ↓  19.6  ↑  16.3  ↑  26.3  ↑  15.9  ↑ 

Total native species 
richness  17.0  23.3  26.0  15.5  12  ↑  10  ↑  16  ↑  11  ↓  13  ↓  14  ↑  13  ↑  14  ↑ 

Green shading indicates closure criterion has been achieved. 

 

Waste Dump Sites 
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<5  ↑  10.0  ↑  51.7  ‐  44.2  ‐  1.7  ‐  0.6  ‐  29.5  ‐ 

1.7  ↑  6.9  ↑  13.8  ‐  24.4  ‐  0.3  ‐  0.5  ‐  22.5  ‐ 

4  ↓  10  ↑  12  ‐  17  ‐  2  ‐  2  ‐  17  ‐ 
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Table 3.2: B‐C Waste Dump comparison with closure completion criteria. 

  Reference Sites 

Completion 
Criteria  
(80% of 
average) 

Waste Dump Sites 

 

Vegetation 
Unit 1 
Euc. 

salmonophloia 
tall open 
woodland 

Vegetation 
Unit 6 

Euc. corrugata 
low mallee 
woodland 

Vegetation 
Unit 9 

Euc. woodland 
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Average total live foliage 
cover per 2x2 (%)  22.2  20.5  33.3  20.3  32.0  ↓  37.0  ↑  36.0  ↑  24.0  ↑  38.0  ↑ 

Average number of live 
native perennial 
individuals per 2x2 

6.8  3.6  3.5  3.7  30.2  ↑  61.4  ↑  9.4  ↓  61.9  ↑  42.9  ↓ 

Total native species 
richness  14.7  15.0  3.7  8.9  20  =  23  ↑  19  ↑  32  ↑  16  ↑ 

Green shading indicates closure criterion has been achieved. 

Table 3.3: A1 and A2 Waste Dumps comparison with closure completion criteria. 

   Reference Sites 

Completion 
Criteria  
(80% of 
average) 

Waste Dump Sites   

  

Eucalypt 
woodland 

VU1 
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woodland 

VU6 
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woodland 

VU9 
A1 01 
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 to
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Average total live foliage 
cover per 2x2 (%)  22.2  20.5  33.3  20.3  41.0  ↑  38.5  ↑  49.0  ↑  22.0  ↑  48.0  ↑ 

Average number of live 
native perennial 
individuals per 2x2  

6.8  3.1  4.5  3.9  19.9  ↓  64.8  ↓  39.3  ↑  25.5  ↑  36.2  ↑ 

Total native species 
richness  14.7  14.7  22.0  13.7  20  ↑  15  ↑  22  ↓  18  ↑  20  ↑ 

Green shading indicates closure criterion has been achieved. 
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3.3 Mt Jackson 

3.3.1 J1 Waste Dump 

Waste dump site J102 on the J1 waste dump was monitored in October 2021. Reference sites J1N06, J1N08, JN01, 
JN06, JN07, JN10 and JN13 were completed during the 2021 monitoring period and the results combined with the 
previous reference sites to provide the comparative data used in this report.  

Species richness 

Thirty native species were recorded in J102. In comparison, the reference sites ranged from 14 to 38 native species 
per transect. 

Abundance 

The average number of  live native perennial  individuals per 2 x 2m quadrat was 24.1  in  J102.  In  comparison  the 
average number of live native perennial individuals per 2 x 2m reference site quadrat ranged from 4.8 to 13.3. 

Weeds 

Wards weed (Carrichtera annua) was recorded in the J102 monitoring site in 2021. No weeds were recorded in the 
reference sites. 

General comments 

Rehabilitation  on  the  J1 Waste Dump  has  progressed well  and  J102  has  achieved  two  out  of  the  three  closure 
completion criteria in2021. The waste dump slopes display a high degree of stability and species diversity is good. 

The following pages provide a summary of the data collected and photographs from the J1 rehabilitation monitoring 
site completed in 2021.  

Table 3.4 provides a comparison with the closure criteria developed from data obtained from the reference sites. 
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Site number:  J102 

Date:  26/08/2021 

Vegetation 
description: 

Eucalyptus  ebbanoensis  trees  at  north  end.  Dodonaea  inaequifolia,  Acacia  sp.  Mt 
Jackson/quadrimarginea  sparse  shrubland  over Acacia  andrewsii  and mixed  chenopod  low 
sparse shrubland. 

Erosion:  Nil. 

Comments:  Incidental species:  
Atriplex vesicaria, Sida calyxhymenia. 

Photograph 1:  J102 North end 

 
Photograph 2:  J102 South end 
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3.3.2 J2 Waste Dump 

Monitoring was undertaken  for site  J201 on  the  J2 Waste Dump. Reference sites  J1N06, J1N08, JN01, JN06,  JN07, 
JN10  and  JN13 were  completed  during  the  2021 monitoring  period  and  the  results  combined with  the  previous 
reference sites to provide the comparative data used in this report.  

Species richness 

Fifteen native species were recorded  in the J201 transect. In comparison, the reference sites ranged from 14 to 38 
native species per transect. 

Abundance 

The average number of live native plant individuals per 2 x 2m quadrat in the J201 transect was 5.6. In comparison 
the average number of live native perennial individuals per 2 x 2m reference site quadrat ranged from 4.8 to 13.3. 

Weeds 

No weed species were recorded in the J201 monitoring site in 2021. No weeds were recorded in the reference sites. 

General comments 

Rehabilitation on the J2 Waste Dump has progressed well, with two of the completion criteria having been met  in 
site J201.  

The  following  page  provides  a  summary  of  the  data  collected  and  photographs  from  the  J2  03  rehabilitation 
monitoring site completed in October 2021.  

Table 3.4 provides a comparison with the closure criteria developed from data obtained from the reference sites. 
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Site number:  J201 

Date:  25/08/2021 

Vegetation 
description: 

Acacia acuminata and Grevillea obliquistigma subsp. obliquistigma mid open shrubland over 
Maireana spp. low sparse chenopod shrubland.  

Erosion:  Gully erosion, severity 2 in Q13 – Q20. 

Comments:  Incidental species:  
Ptilotus exaltatus, Scaevola spinescens. 

Photograph 1:  J201 East end 

 
Photograph 2:  J201 West end 
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3.3.3 J3 Waste Dump 

Monitoring was undertaken  for site  J303 on  the  J3 Waste Dump. Reference sites  J1N06, J1N08, JN01, JN06,  JN07, 
JN10  and  JN13 were  completed  during  the  2021 monitoring  period  and  the  results  combined with  the  previous 
reference sites to provide the comparative data used in this report.  

Species richness 

Nineteen native species were recorded in the J303 transect. In comparison, the reference sites ranged from 14 to 38 
native species per transect. 

Abundance 

The average number of live native plant individuals per 2 x 2m quadrat in the J303 transect was 5.2. In comparison 
the average number of live native perennial individuals per 2 x 2m reference site quadrat ranged from 4.8 to 13.3. 

Weeds 

No weed species were recorded in the J303 monitoring site. No weeds were recorded in the reference sites. 

General comments 

Rehabilitation on  the  J3 Waste Dump has generally progressed well, with  J303 having achieved  two of  the  three 
closure completion criteria. The waste dump slopes display a high degree of stability and species diversity is typically 
very good on the lower slopes. 

The  following  page  provides  a  summary  of  the  data  collected  and  photographs  from  the  J303  rehabilitation 
monitoring site completed in 2021.  

Table 3.4 provides a comparison with the closure criteria developed from data obtained from the reference sites. 
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Site number:  J303 

Date:  24/08/2021 

Vegetation 
description: 

Eucalyptus  sp. and Banksia arborea very open woodland over Allocasuarina acutivalvis and 
Acacia shrubland over mixed low shrubs.  

Erosion:  No erosion noted. 

Comments:  Incidental  species:  Alogyne  hakeifolia,  Grevillea  paradoxa,  Grevillea  zygoloba,  Olearia 
exiguifolia, Stenanthemum newbeyi. 

Photograph 1:  J303 North end 

 
Photograph 2:  J303 South end (a) 

 
Photograph 3:  J303 South end (b) 

 



Rehabilitation Monitoring Report – Koolyanobbing, Mt Jackson and Windarling          October 2021 

33 

 
Table 3.4: J1, J2 and J3 Waste Dumps comparison with closure completion criteria. 

   Reference Sites    

  

Allocas. 
shrubland 

Allocas. & 
Acacia 

shrubland 

Eucalypt 
woodland 1 

Eucalypt 
woodland 2 

Eucalypt 
woodland 3  

J1 

Eucalypt 
woodland 4  

J1 

Acacia 
shrubland 

Acacia 
shrubland  

J1 

Completion Criteria  
(70% of average) 

Average total live foliage 
cover per 2x2 (%)  61.9  46.2  47.0  53.3  48.0  26.1  43.6  46.0  32.6 

Average number of live 
native perennial individuals 
per 2x2  

5.1  8.2  6.5  3.6  7.3  10.3  7.0  3.3  4.5 

Total native species richness  10.3  25.7  24.3  11.7  30.0  14.3  24.0  19.0  13.9 

Green shading indicates closure criterion has been achieved. 
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11.2  ↑  18.8  ↑  30.0  ‐  15.0  ↓  29.7  ‐  24.0  ‐  18.6  ‐  51.0  ‐  30.0  ↑ 

20.8  ↑  24.1  =  21.2  ‐  5.6  ↑  3.1  ‐  17.1  ‐  1.6  ‐  3.7  ‐  5.2  ↓ 

22  ↑  30  ↑  18.0  ‐  15  ↑  25  ‐  20  ‐  19  ‐  19  ‐  19  ↑ 
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3.4 Windarling 

3.4.1 W2 Waste Dump 

Monitoring was undertaken for sites W201, W202 and W205 on the W2 Waste Dump. Reference sites WN02, WN04, 
WN06, WN09 and WN15 were  completed during  the 2021 monitoring period and  the  results  combined with  the 
previous reference sites to provide the comparative data used in this report. 

Species richness 

The number of native  species  in each of  the monitored waste dump  transects  ranged  from 11  in W205  to 22  in 
W202. In comparison, the reference sites ranged from 20 to 35 native species per transect. 

Abundance 

The average number of  live native plant  individuals per 2  x 2m quadrat  in  the monitored waste dump  transects 
ranged from 8.6 to 70.1. In comparison, the average number of live native plant individuals per 2 x 2m reference site 
quadrat ranged from 2.6 to 21.8. 

Weeds 

One weed  species, Common  sow  thistle  (Sonchus oleraceus) was  recorded  in  site W201  in 2021. No weeds were 
recorded in the reference sites. 

General comments 

Rehabilitation on the W2 Waste Dump has generally progressed well, with two sites monitored, W201 and W202 in 
2021 having achieved all  three  closure  completion  criteria. Site W205 has achieved one out of  the  three  closure 
completion criteria. 

The  following  pages  provide  a  summary  of  the  data  collected  and  photographs  from  the  W2  rehabilitation 
monitoring sites completed in 2021.  

Table 3.5 provides a comparison with the closure criteria developed from data obtained from the reference sites. 
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Site number:  W201 

Date:  10/10/2021 

Vegetation 
description: 

Acacia  ?aneura  and  Atriplex  nummularia  low  sparse  shrubland  over  low  open  chenopod 
shrubland over mixed low sparse herbland. 

Erosion:  Minor rilling.  

Severity = 1.  

Comments:  Incidental species: 
Acacia aneura, Acacia ramulosa. 

Photograph 1:  W201 North end 

 
Photograph 2:  W201 South end 
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Site number:  W202 

Date:  10/10/2021 

Vegetation 
description: 

Very open Eucalyptus ?griffithsii low woodland over Acacia shrubland over Ptilotus exaltatus 
and mixed chenopod species. 

Erosion:  Minor gully erosion, top section. 

Severity = 1 

Comments:  Incidental species: 
Acacia caesaneura, Waitzia acuminata. 

Photograph 1:  W202 East end 

 
Photograph 2:  W202 West end 
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Site number:  W205 

Date:  10/10/2021 

Vegetation 
description: 

Acacia caesaneura, A. fuscaneura and A. ramulosa open shrubland over mixed chenopods and  
very open low herbs. 

Erosion:  Minor rilling on lower portion. 

Severity = 1 

Comments:  Incidental species: 
Acacia  acuminata, A.  tetragonophylla, Atriplex bunburyana, Rhagodia drummondii, Waitzia 
acuminata. 

Photograph 1:  W205 North end 

 
Photograph 2:  W205 South end 
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3.4.2 W3 Waste Dump 

Monitoring was  undertaken  for  sites W303  and W305  on  the W3 Waste  Dump.  Reference  sites WN02, WN04, 
WN06, WN09 and WN15 were  completed during  the 2021 monitoring period and  the  results  combined with  the 
previous reference sites to provide the comparative data used in this report. 

Species richness 

The  number  of  native  species  in  the monitored waste  dump  transects was  ten  in W303  and  nine  in W305.  In 
comparison, the reference sites ranged from 20 to 35 native species per transect. 

Abundance 

The  average  number  of  live  native  perennial  plant  individuals  per  2  x  2m  quadrat  ranged  from  5.3  to  7.8.  In 
comparison, the average number of live native plant individuals per 2 x 2m reference site quadrat ranged from 2.6 to 
21.8. 

Weeds 

Common  sow  thistle  (Sonchus  oleraceus)  was  recorded  in  the W303 monitoring  site  in  2021.  No  weeds  were 
recorded in the reference sites. 

General comments 

The rehabilitation on the W3 Waste Dump was completed relatively recently on much of the waste dump. W303 and 
W305 have both achieved one of the three closure completion criteria. 

The  following  pages  provide  a  summary  of  the  data  collected  and  photographs  from  the  W3  rehabilitation 
monitoring sites completed in October 2021.  

Table 3.6 provides a comparison with the closure criteria developed from data obtained from the reference sites. 

   



Rehabilitation Monitoring Report – Koolyanobbing, Mt Jackson and Windarling     

39 

Site number:  W303 

Date:  9/10/2021 

Vegetation 
description: 

Atriplex  nummularia  and  Acacia  sp.  sparse  shrubland  over  Salsola  australis  and  Ptilotus 
exaltatus low open shrubland. 

Erosion:  Minor rilling.   

Severity = 1 

Comments:  Incidental species: 
Acacia  effusifolia,  A.  ?murrayana,  A.  ramulosa,  Aristida  contorta,  Atriplex  bunburyana, 
Atriplex nummularia, Philotheca brucei, Sclerolaena dicantha.  

Photograph 1:  W303 North end 

 
Photograph 2:  W303 South end 
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Site number:  W305 

Date:  9/10/2021 

Vegetation 
description: 

Salsola australis and Maireana georgei low sparse shrubland over Roepera aurantiaca low 
sparse herbland. 

Erosion:  Minor rilling. 

Severity = 1‐2 

Comments:  Incidental species: 
Acacia caesaneura, A. murrayana, Atriplex bunburyana, Dodonaea rigida, Maireana triptera, 
Monachather  paradoxus,  Philotheca  brucei,  Ptilotus  obovatus,    Senna  artemisioides  subsp. 
filifolia, Sida sp.  

Photograph 1:  W305 East end 

 
Photograph 2:  W305 West end  
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Table 3.5: W2 Waste Dump comparison with completion criteria. 

   Reference Sites    

  

Eucalypt 
low 

woodland 

Acacia 
shrubland 

1 

Eucalypt 
woodland 

Acacia 
shrubland 

2 

Acacia 
shrubland 

3 

Completion Criteria  
(70% of average) 

Average total live foliage 
cover per 2x2 (%)  49.3  46.4  41.6  29.9  60.2  31.8 

Average number of live 
native perennial individuals 
per 2x2  

2.5  4.1  6.5  8.2  9.4  4.3 

Total native species richness  15.0  13.7  22.0  20.0  21.3  12.9 
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32.0  ↑  40.0  ↑  15.3  ↑  8.3  ‐  27.0  ↑  21.3  ↑  7.5  ‐  25.0  ‐  14.2  ‐  15.0  ‐ 

42.6  ↑  70.1  ↑  21.8  ↑  8.1  ‐  8.6  ↓  21.0  ↑  10.6  ‐  5.6  ‐  14.8  ‐  8.8  ‐ 

19  ↑  22  ↑  18  ↑  14  ‐  11  ↑  30  ↑  14  ‐  10  ‐  18  ‐  17.0  ‐ 

Green shading indicates closure criterion has been achieved. 
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Table 3.6: W3 Waste Dump comparison with completion criteria. 

   Reference Sites     Waste Dump Sites 

  

Eucalypt 
low 

woodland 

Acacia 
shrubland 

1 

Eucalypt 
woodland 

Acacia 
shrubland 

2 

Acacia 
shrubland 

3 

Completion 
Criteria  
(70% of 
average) 
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Average total live foliage 
cover per 2x2 (%)  49.3  46.4  41.6  29.9  60.2  31.8  12.5  ↑  1.1  ‐  17.5  ↑  24.0  ↑  17.5  ↑ 

Average number of live 
native perennial 
individuals per 2x2  

2.5  4.1  6.5  8.2  9.4  4.3  10.2  ↑  0.5  ‐  5.3  ↑  1.7  ↓  7.8  ↑ 

Total native species 
richness  15.0  13.7  22.0  20.0  21.3  12.9  11  =  8  ‐  10  ↑  12  ↓  9  ↑ 

Green shading indicates closure criterion has been achieved. 
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4.0 DISCUSSION AND RECOMMENDATIONS 

4.1 Discussion 

The  results  of monitoring  undertaken  of  the  Koolyanobbing, Mt  Jackson  and Windarling  sites  demonstrate  that 
rehabilitation is generally progressing well across the project. Monitoring carried out to date has demonstrated that 
16 of the 49 monitoring sites have achieved all of the closure completion criteria. A further 15 sites have achieved 
two of the three closure criteria. K waste dump has five sites which have not achieved any closure criteria and W3 
waste dump has  two sites which have not achieved any closure criteria.  In most cases, except on K waste dump, 
where two of three criteria have been achieved, live foliar cover is lacking which will most likely increase over time 
as the perennial plants increase in size. On the K waste dump the limiting criterion is species richness. 

Due to the continued monitoring of reference sites and the subsequent comparative data being updated each year, 
the  average  values  of  the  completion  criteria will  vary  year  to  year.  Changes  in  the  achievement  of  completion 
criteria occur at some sites  from year  to year as a  result. As such, some of  the sites  reported as having achieved 
completion criteria in previous monitoring events have not achieved those criteria this year.  

A  total of 23 annual and short‐lived species were  recorded this year across  the operations. This  is most  likely  the 
result of above average  rainfall  in  the months prior  to monitoring.   Windarling  received above average  rainfall  in 
March  and  May  2021  and  Koolyanobbing  received  above  average  falls  in  February,  March  and  May.  At 
Koolyanobbing, between  five and ten annual and short‐lived species were recorded across all sites this year. Nine 
annual or short‐lived species were recorded at Mt Jackson sites and ten recorded at Windarling sites.  

K Waste Dump has the second lowest species diversity (species richness) of all of the rehabilitation sites across the 
project, with an average of 11 species per 2 x 2m  transect. Three of  the 15 K Waste Dump monitoring sites have 
achieved  closure  completion  criteria  however  the  remaining  sites  are  deficient  in  species  richness.  Cover  is  also 
lacking at K05, K11, K13, K14, K15, K18 and K19. All of these sites except K11 and K13 have achieved none of the 
closure completion criteria.  

The monitoring sites on the A1, A2 and BC waste dumps have all achieved the closure criteria. A high abundance of 
perennial natives was recorded at BC waste dump due to a large number of juvenile chenopods.  

Revegetation on J1 waste dump is progressing very well, and J102, the site monitored in 2021 has achieved two of 
the three closure criteria. Live foliar cover was lacking at this site, as was the case for the J2 and J3 sites monitored 
during 2021.   

Two of  the  three  rehabilitation sites monitored on  the W2 Waste Dump  in 2021 have achieved all of  the closure 
criteria while one has achieved one of the criteria. Site W205 did not achieve alive foliar cover or species richness 
criteria. Both of the sites monitored on W3 waste dump have achieved one closure criteria, lacking alive foliar cover 
and species richness. W3 Waste Dump has the lowest species richness of all of the waste dumps with an average of 
ten species per 2 x 2m transect for all five sites.  

Weed species were recorded in all of the waste dump monitoring sites across the project, apart from J2 and J3 waste 
dumps  which  recorded  no  weed  species  in  2021.  One  weed  species  (common  sow  thistle)  was  recorded  in 
monitoring sites at Windarling, and four weed species were recorded in the sites at Koolyanobbing. The current level 
of weed invasion is not considered detrimental to the successful establishment of native vegetation.  

4.2 Recommendations 

Previous  reports  (Ecotec  2018,  2019  and  2021)  have  provided  a  series  of  recommendations  to  enable  greater 
efficiency  and  improvements  in  the  rehabilitation  monitoring,  data  collection  and  reporting.  These  include 
streamlining  the  data  collection  and  analysis  process,  updating  the  Rehabilitation  Monitoring  Procedure  and 
improving  the  data  analysis  spreadsheet. Details  of  these  recommendations  are  outlined  in  the  aforementioned 
reports.  
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Appendix 1 

Site plans 



 

 
 



 

 
 



 

 
 



 

 
 



 

 
 



 

 
 



 

 
 



 

 
 



 

 
 



 

 
 



 

 
 



 

 
 



 

 



 

 

 

Appendix 2 

Photographic monitoring sites 



2021 Photographic Monitoring 

Following are the monitoring sites that were photographed only (rather than full monitoring being completed) during 
the 2021 monitoring program. Where available, a photo from the last monitoring is included to provide comparison 
with previous vegetation health.  

 

Koolyanobbing Reference Sites 

Site number:  N02 

Date:  23/08/2021 

Vegetation 
description: 

Hakea recurva tall open shrubland over Acacia acuminata, Dodonaea viscosa shrubland over a 
mixed chenopod and Eremophila understorey. 

Vegetation 
condition: 

Very good  

Photograph 1:  N02 East end 2021 

 
Photograph 2:  N02 East end 2020 

 
   



Site number:  N03 

Date:  12/07/2021 

Vegetation 
description: 

Acacia  enervia,  A.  recurva,  Dodonaea  viscosa  tall  open  shrubland  over  Eremophila  low 
shrubland over mixed chenopod understorey. 

Vegetation 
condition: 

Very good ‐ Excellent 

Photograph 1:  N03 East end 2021 

 
Photograph 2:  N03 East end 2020 

 
   



 

Site number:  N05 

Date:  23/08/2021 

Vegetation 
description: 

Melaleuca  hamata  tall  open  shrubland  over  Eremophila  clarkei  and  Dodonaea  viscosa 
shrubland over mixed chenopod low open shrubs. 

Vegetation 
condition: 

Very good 

Photograph 1:  N05 North end 2021 

 
Photograph 2:  N05 North end 2020 

 

 

   



Site number:  N06 

Date:  12/07/2021 

Vegetation 
description: 

Acacia enervia tall open shrubland over Eremophila and Acacia shrubland. 

Vegetation 
condition: 

Very good 

Photograph 1:  N06 East end 2021 

 
Photograph 2:  N06 East end 2020 

 
   

   



 

Site number:  N08 

Date:  12/07/2021 

Vegetation 
description: 

Eucalyptus corrugata open woodland over Acacia and Eremophila low open shrubland. 

Vegetation 
condition: 

Very Good ‐ Excellent 

Photograph 1:  N08 East end 2021 

 
Photograph 2:  N08 East end 2020 

 
   

 
   



 

Site number:  N09 

Date:  12/07/2021 

Vegetation 
description: 

Eucalyptus corrugata open woodland over Acacia, Eremophila, Dodonaea open shrubland over 
mixed chenopod understorey 

Vegetation 
condition: 

Very Good ‐ Excellent 

Photograph 1:  N08 East end 2021 

 
Photograph 2:  N09 East end 2020 

 
   

 

 

 

   



Site number:  KN 01 

Date:  12/07/2021 

Vegetation 
description: 

Eucalyptus oleosa low woodland over Acacia, Eremophila, Dodonaea tall shrubland. 

Vegetation 
condition: 

Excellent 

Photograph 1:  KN01 East end 2021 

 
Photograph 2:  KN01 East end 2020 

 
   

 

 

   



Site number:  KN 03 

Date:  12/07/2021 

Vegetation 
description: 

Eucalyptus corrugata open woodland over Senna, Exocarpus, Eremophila tall open shrubland. 

Vegetation 
condition: 

Excellent 

Photograph 1:  KN03 East end 2021 

 
Photograph 2:  KN03 East end 2020 

 
   

 
   



Site number:  KN04 

Date:  12/07/2021 

Vegetation 
description: 

Eucalyptus loxophleba low open mallee woodland over mixed Acacia, Allocasuarina shrubland 

Vegetation 
condition: 

Excellent 

Photograph 1:  KN04 East end 2021 

 
Photograph 2:  KN04 East end 2020 

 
 

   



Site number:  KN05 

Date:  12/07/2020 

Vegetation 
description: 

Eucalyptus spp open woodland over Eremophila scoparia shrubland over low open chenopod 
shrubland 

Vegetation 
condition: 

Excellent 

Photograph 1:  KN05 West end 2021 

 
Photograph 2:  KN05 West end 2020 

 
   



Site number:  KN 09 

Date:  12/07/2021 

Vegetation 
description: 

Eucalyptus corrugata and E. salubris open woodland over Acacia and Eremophila shrubland 

Vegetation 
condition: 

Excellent 

Photograph 1:  KN09 South end 2021 

 
Photograph 2  KN09 South end 2020 

 
   



Site number:  KN13 

Date:  12/07/2020 

Vegetation 
description: 

Eucalyptus  ?yilgarnensis  open  woodland  over  Acacia  erinaceae,  Senna  art.  fil,  Atriplex 
nummularia, Eremophila scoparia, Olearia muellerii very open low shrubland. 

Vegetation 
condition: 

Excellent 

Photograph 1:  KN13 East end 2021 

 
Photograph 2:  KN13 East end 2020 

 
   



Koolyanobbing Waste Dump Rehabilitation Sites 

Site number:  K05 

Date:  12/07/2021 

Vegetation description:  Atriplex nummularia very open shrubland over mixed chenopod shrubs and herbs. 

Erosion:  Minor rilling throughout transect, appears stable. 
Severity = 1 ‐2  

Comments:  Weeds: none noted. 

Photograph 1:  K05 East end 2020 

 
Photograph 2:  K05 East end 2020 

 

 

   



Site number:  K07 

Date:  23/08/2021 

Vegetation 
description: 

Scattered  Senna  artemisioides  subsp.  filifolia,  Atriplex  nummularia  and  A.  ?vesicaria  low 
shrubland over mixed Chenopod shrubs and herbs. 

Erosion:  Minor rilling throughout transect. 
Severity = <1 

Comments:  Weeds: none noted. 

Photograph 1:  K07 West end 2021 

 
Photograph 2:  K07 West end 2020 

 
   



Site number:  K13 

Date:  23/08/2021 

Vegetation 
description: 

Very  scattered  Senna  artemisioides  subsp.  filifolia  over  Maireana  brevifolia  and  mixed 
chenopods. 

Erosion:  Significant gullying on the north side of transect, minor rilling throughout.  
 

Comments:  Weeds: Wards weed. 

Photograph 1:  K13 East end 2021 

 
Photograph 2:  K13 East end 2020 

 
 

   



Site number:  K15 

Date:  23/08/2021 

Vegetation 
description: 

Lower = Atriplex nummularia open shrubland over mixed Chenopod shrubland/herbs 
Upper = Atriplex sp. Very open low shrubland 

Erosion:  Rilling and gullies throughout, sodic soils, poor stability. 

Comments:  Weeds: none noted. 

Photograph 1:  K15 East end 2021 

 
Photograph 2:  K15 East end 2020 

 
   



Site number:  K16 

Date:  23/08/2021 

Vegetation 
description: 

Atriplex nummularia and A. vesicaria low shrubland over mixed chenopods 

Erosion:  Minor to moderate rilling. Appears to be stable. 

Comments:  Weeds: None noted 

Photograph 1:  K16 East end 2021 

 
Photograph 2  K16 East end 2020 

 

 

   



Site number:  K17 

Date:  09/08/2020 

Vegetation 
description: 

Atriplex nummularia and A. vesicaria low shrubland over mixed chenopod shrubs/herbs. 

Erosion:  Minor rilling throughout transect. 
Severity = 1 ‐ 2 

Comments:  No significant change in vegetation. 
Weeds: None noted 

Photograph 1:  K17 North end 2021 

 
Photograph 2:  K17 North end 2020 

 
   



Site number:  K18 

Date:  23/08/2021 

Vegetation 
description: 

Maireana brevifolia sparse shrubland over mixed chenopod shrubs/herbs 

Erosion:  Rilling and gullies throughout. 
Severity = 2 ‐3 

Comments:  Very little vegetation establishment. 
Weeds: None noted 

Photograph 1:  K18 South end 2021 

 
Photograph 2:  K18 South end 2020 

 
 

   



Site number:  K19 

Date:  24/08/2021 

Vegetation 
description: 

Isolated chenopod shrubs 

Erosion:  Moderate to significant rilling and gullies throughout. Sodic soils, poor stability. 
Severity = 2 ‐3 

Comments:  Very little vegetation establishment. 
Weeds: None noted 

Photograph 1:  K19 East end 2021 

 
Photograph 2:  K19 East end 2020 

 
 

   



Site number:  K24 

Date:  23/08/2021 

Vegetation 
description: 

Atriplex  vesicaria and Atriplex  codonocarpa mid open  chenopod  shrubland over  low  sparse 
chenopod shrubland. 

Erosion:  Nil. 

Comments:   

Photograph 1:  K24 West end 2021 

 
Photograph 2  K24 West end 2020 

 
   



Site number:  A1 03 

Date:  12/07/2021 

Vegetation 
description: 

Acacia acuminata and A. quadrimarginea shrubland over mixed chenopod low shrubland. 

Erosion:  Minimal 

Comments:  Weeds: Wards weed, Ruby dock. 

Photograph 1:  A1 03 South end 2021 

 
Photograph 2:  A1 03 South end 2020 

 
   



Site number:  A1 04 

Date:  12/07/2021 

Vegetation 
description: 

Atriplex nummularia and Senna artemisioides subsp. filifolia shrubland over Atriplex vesicaria 
low shrubland over mixed chenopod low shrubs and herbs. 

Erosion:  Minor erosion on upper portion of slope 

Comments:  Upper 5‐8m of transect is predominately bare (extends on to berm). 
Weeds: ruby dock, sow thistle 

Photograph 1:  A104 East end 2021 

 
Photograph 2:  A104 East end 2020 

 
   



Site number:  A2 01 

Date:  12/07/2021 

Vegetation 
description: 

Isolated Eucalyptus corrugata trees over Maireana brevifolia low open shrubland over mixed 
Chenopod shrubs. 

Erosion:  Minimal 

Comments:  Weeds: Wards weed, Sow thistle 

Photograph 1:  A201 East end 2021 

 
Photograph 2:  A201 East end 2020 

 

 

   



Site number:  BC 01 

Date:  12/07/2021 

Vegetation 
description: 

Eucalyptus griffithsii very open woodland over Acacia open shrubland over mixed chenopod 
low shrubland 

Erosion:  Minor rilling, no significant gullies 
Severity = 1 

Comments:  Weeds: Wards weed, Sow thistle, Maltese cockspur in berm. 

Photograph 1:  BC01 North end 2021 

 
Photograph 2:  BC01 North end 2020  

 
   



Site number:  BC 03 

Date:  12/07/2021 

Vegetation 
description: 

Scattered Eucalyptus griffithsii and/or Eucalyptus corrugata over Acacia accuminata shrubland.  

Erosion:  Minimal 
 

Comments:  Weeds: none noted. 

Photograph 1:  BC03 East end 2021 

 
Photograph 2:  BC03 East end 2020 

 
   

 
   



Mt Jackson Reference Sites 

Site number:  JN 02 

Date:  25/08/2021 

Vegetation 
description: 

Scattered Eucalyptus ebbanoensis  low open woodland over Allocasuarina eriochlamys dense 
shrubland over mixed low very open to sparse shrubland. 

Vegetation 
condition: 

Excellent 

Photograph 1:  JN02 East end 2021 

 
Photograph 2:  JN02 East end 2020 

 
   

 

 

   



Site number:  JN 03 

Date:  08/10/2021 

Vegetation 
description: 

Eucalyptus ebbanoensis low open woodland over Acacia acuminata, Beyeria sp. and Scaevola 
spinescens mid open shrubland over Olearia muelleri and Westringia cephalantha  low open 
shrubland. 

Vegetation 
condition: 

Excellent 

Photograph 1:  JN03 North end 2021 

 
Photograph 2:  JN03 North end 2020 

 
   

 

 

   



Site number:  JN 04 

Date:  25/08/2021 

Vegetation 
description: 

Eucalyptus ebbanoesis low open woodland over Acacia acuminata and Eremophila oppositifolia 
mid to tall open shrubland over Olearia and Ptilotus low shrubs and herbs. 

Vegetation 
condition: 

Excellent 

Photograph 1:  JN04 North end 2021 

 
Photograph 2  JN04 North end 2020 

 

 

   



Site number:  JN 05 

Date:  25/08/2021 

Vegetation 
description: 

Eucalyptus ebbanoensis, Brachychiton gregorii and Banksia arborea very open woodland over 
Allocasurina acutivalvis and Acacia quadrimarginea tall shrubland over Eremophila shrubs over 
mixed low shrubs and herbs. 

Vegetation 
condition: 

Excellent 

Photograph 1:  JN05 East end 2021 

 
Photograph 2  JN05 East end 2020 

 
   



Site number:  JN 06 

Date:  31/08/2020 

Vegetation 
description: 

Acacia  effusifolia,  Eucalyptus  ewartiana  tall  shrubland  over  Philotheca  brucei,  Grevillea 
paradoxa shruband over Eremophila clarkeii, Philotheca coccinea low open shrubland 

Vegetation 
condition: 

Excellent 

Photograph 1:  JN 06 North end 2020 

 
Photograph 2  JN 06 North end 2019 

 
 

   



Site number:  JN 08 

Date:  25/08/2021 

Vegetation 
description: 

Eucalyptus  ebbanoensis  very  open  woodland  over  Allocasurina  acutivalvis  and  Acacia 
acuminata mid to tall shrubland over mixed low shrubs. 

Vegetation 
condition: 

Excellent 

Photograph 1:  JN08 East end 2021 

 
Photograph 2:  JN08 East end 2020  

 
 

   



Site number:  JN 09 

Date:  25/08/2021 

Vegetation 
description: 

Scattered Eucalyptus ebbanoensis  low open woodland over Allocasuarina ?acutivalvis mid to 
tall closed shrubland over mixed low shrubs and herbs. 

Vegetation 
condition: 

Excellent 

Photograph 1:  JN09 West end 2021 

 
Photograph 2:  JN09 West end 2020 

 
   

 
   



Site number:  JN 11 

Date:  25/08/2021 

Vegetation 
description: 

Eucalyptus  ebbanoensis  very  open woodland  over  Allocasuarina  acutivalvis,  Acacia  sp. Mt 
Jackson and Acacia acuminata mid to tall shrubland over mixed low shrubs. 

Vegetation 
condition: 

Excellent 

Photograph 1:  JN11 South end 2021 

 
Photograph 2:  JN11 South end 2020 

 
   

 
   



Site number:  JN 12 

Date:  25/08/2021 

Vegetation 
description: 

Eucalyptus  ebbanoensis  very  open  woodland  over  Allocasurina  acutivalvis  and  Grevillea 
obliquistigma subsp. obliquistigma mid to tall shrubland over mixed low shrubs and herbs. 

Vegetation 
condition: 

Excellent 

Photograph 1:  JN12 West end 2021 

 
Photograph 2:  JN12 West end 2020 

 
   

 

 

   



Site number:  J1N 01 

Date:  26/08/2021 

Vegetation 
description: 

Eucalyptus salubris and/or Eucalyptus salmonophloia woodland over chenopod understorey. 

Vegetation 
condition: 

Excellent 

Photograph 1:  J1N 01 East end 2021 

 
Photograph 2:  J1N 01 East end 2020 

 
   



Site number:  J1N 02 

Date:  26/08/2021 

Vegetation 
description: 

Eucalyptus  corrugata  open  woodland  over  Allocasuarina,  Acacia  and  Eremophila  species 
shrubland. 

Vegetation 
condition: 

Excellent 

Photograph 1:  J1N02 North end 2021 

 
Photograph 2:  J1N02 North end 2020 

 
 

   



Site number:  J1N 03 

Date:  08/10/2021 

Vegetation 
description: 

Eucalyptus  salubris  and/or  Eucalyptus  salmonophloia  woodland  over  Eremophila  scoparia, 
Senna artemisioides subsp. filifolia and chenopod open shrubland. 

Vegetation 
condition: 

Excellent 

Photograph 1:  J1N 03 East end 2021 

 
Photograph 2:  J1N 03 East end 2020 

 
   



Site number:  J1N 04 

Date:  26/08/2021 

Vegetation 
description: 

Allocasuarina eriochlymus and Acacia shrubland. 

Vegetation 
condition: 

Excellent 

Photograph 1:  J1N 04 East end 2021 

 
Photograph 2:  J1N 04 East end 2020 

 
   



Site number:  J1N 07 

Date:  26/08/2021 

Vegetation 
description: 

Acacia shrubland. 

Vegetation 
condition: 

Excellent 

Photograph 1:  J1N 07 East 2021 

 
Photograph 2:  J1N 07 East 2020 

 
   



Site number:  J1N 09 

Date:  26/08/2021 

Vegetation 
description: 

Eucalyptus salubris and/or Eucalyptus salmonophloia woodland over Acacia spp. and chenopod 
shrubland. 

Vegetation 
condition: 

Excellent 

Photograph 1:  J1N 09 East 2021 

 
Photograph 2:  J1N 09 East 2020 

 

 

   



Mt Jackson Waste Dump Rehabilitation Sites 

Site number:  J1 01 

Date:  26/08/2021 

Vegetation 
description: 

Acacia  acuminata,  Dodonaea  inequifolia,  open  shrubland  over  Ptilotus  and  Chenopod  low 
sparse shrubland. 

Erosion:  Nil 

Comments:  Weeds: Ward’s weed 

Photograph 1:  J1 01 North end 2021 

 
Photograph 2:  J1 01 North end 2020 

 

 

   



Site number:  J1 03 

Date:  26/08/2021 

Vegetation 
description: 

Isolated Eucalyptus salubris trees over Acacia spp and Dodonaea lobulata mid open shrubland 
over chenopod low sparse shrubland.   

Erosion:  Nil 

Comments:   

Photograph 1:  J1 03 South end 2021 

 
Photograph 2:  J1 03 South end 2020 

 

 

   



Site number:  J2 02 

Date:  25/08/2021 

Vegetation 
description: 

Acacia acuminata, Acacia burkittii, Grevillea  juncifolia mid open  shrubland over Westringia 
cephalantha, Hibbertia exasperata and Leucopogon sp. Clyde Hill low sparse shrubland over low 
sparse chenopod shrubland. 

Erosion:  Nil. 

Comments:  No weeds noted.  

Photograph 1:  J2 02 North end 2021 

 
Photograph 2:  J2 02 North end 2020 

 
   

 

 

   



Site number:  J2 03 

Date:  11/10/2021 

Vegetation 
description: 

Acacia acuminata and Acacia effusifolia mid shrubland over mixed sparse low shrubs. 

Erosion:  Nil. 

Comments:  No weeds noted. 

Photograph 1:  J2 03 North end 2021 

 
Photograph 2:  J2 03 North end 2020 

 
   

 

 

   



Site number:  J3 01 

Date:  25/08/2021 

Vegetation 
description: 

Eucalyptus ?ebbanoensis very open woodland over Acacia acuminata, Acacia sp. Mt Jackson, 
Allocasuarina acutivalvis and Grevillea obliquistigma mid shrubland over mixed low shrubs and 
herbs. 

Erosion:  Nil 

Comments:  Vegetation is well established. 

Photograph 1:  J3 01 South end 2021 

 
Photograph 2:  J3 01 South end 2020 

 

 

   



Site number:  J3 02 

Date:  24/08/2021 

Vegetation 
description: 

Eucalyptus ?ebbanoensis very open woodland over Acacia acuminata, Acacia sp. Mt Jackson, 
Allocasuarina acutivalvis and Grevillea obliquistigma mid shrubland over mixed low shrubs and 
herbs. 

Erosion:  Nil. 

Comments:  Vegetation is well established. 

Photograph 1:  J302 East end 2021 

 
Photograph 2:  J302 East end 2020 

 

 

   



Windarling Reference Sites 

Site number:  WN 01 

Date:  8/10/2021 

Vegetation 
description: 

Eucalyptus  kochii  open  woodland  over  Acacia   tall  shrubland  over  Eremophila clarkei, 
Philotheca brucei and Senna artemisioides subsp. filifolia open shrubland. 

Vegetation 
condition: 

Excellent 

Photograph 1:  WN 01 West end 2021 

 
Photograph 2:  WN 01 West end 2020 

 

 

   



Site number:  WN 03 

Date:  9/10/2021 

Vegetation 
description: 

Eucalyptus oleosa open woodland over Acacia cockertoniana, A. effusifolia tall shrubland. 

Vegetation 
condition: 

Excellent 

Photograph 1:  WN 03 West end 2021 

 
Photograph 2:  WN 03 West end 2020 

 
   

 

 

   



Site number:  WN 05 

Date:  9/10/2021 

Vegetation 
description: 

Eucalyptus  oleosa  and  Allocasuarina  huegeliana  woodland  over  Acacia and  Senna  open 
shrubland. 

Vegetation 
condition: 

Excellent 

Photograph 1:  WN 05 North end 2021 

 
Photograph 2:  WN 05 North end 2020 

 
   



Site number:  WN 07 

Date:  10/10/2021 

Vegetation 
description: 

Acacia  aneura  and  Acacia  ramulosa  low  open  woodland  over  Acacia tetragonophylla  and 
Senna artemisioides subsp. filifolia tall sparse shrubland. 

Vegetation 
condition: 

Excellent 

Photograph 1:  WN 07 North end 2021 

 
Photograph 2:  WN 07 North end 2020 

 
   

 
 

   



Site number:  WN 08 

Date:  11/10/2021 

Vegetation 
description: 

Acacia  aneura  and  Acacia ramulosa  tall  shrubland  over  Eremophila  granitica  and 
Philotheca brucei mid open shrubland over Austrostipa elegantissima low sparse grassland. 

Vegetation 
condition: 

Excellent 

Photograph 1:  WN 08 North end 2021 

 
Photograph 2:  WN 08 North end 2020 

 
   

 
   



Site number:  WN 10 

Date:  11/10/2021 

Vegetation 
description: 

Acacia  cockertoniana  and  Acacia  aneura  tall  shrubland  over  Eremophila  spp.  and  Olearia 
humilis low open shrubland. 

Vegetation 
condition: 

Excellent 

Photograph 1:  WN 10 West end 2021 

 
Photograph 2:  WN 10 West end 2020 

 
   

 

 

   



Site number:  WN 11 

Date:  9/10/2021 

Vegetation 
description: 

Acacia effusifolia tall shrubland over very sparse mixed herbs and grasses. 

Vegetation 
condition: 

Excellent 

Photograph 1:  WN 11 West end 2021 

 
Photograph 2:  WN 11 East end 2020 

 
   

 
   



Site number:  WN 12 

Date:  11/10/2021 

Vegetation 
description: 

Acacia aneura and Acacia effusifolia tall shrubland over Eremophila clarkei, Scaevola spinescens 
and Philotheca brucei low shrubland over mixed low shrubs and herbs. 

Vegetation 
condition: 

Excellent 

Photograph 1:  WN 12 East end 2021 

 
Photograph 2:  WN 12 East end 2020 

 
   

 

 

   



Site number:  WN 13 

Date:  11/10/2021 

Vegetation 
description: 

Acacia cockertoniana  and  Acacia ramulosa  low  woodland  over  Eremophila and 
Philotheca brucei open shrubland.  

Vegetation 
condition: 

Excellent 

Photograph 1:  WN 13 East end 2021 

 
Photograph 2:  WN 13 East end 2020 

 
   

 
 

   



Site number:  WN 14 

Date:  9/10/2021 

Vegetation 
description: 

Eucalyptus  corrugata  open  woodland  over  Acacia  cockertoniana,  A.  effusifolia  and 
Allocasuarina acutivalvis open shrubland. 

Vegetation 
condition: 

Excellent 

Photograph 1:  WN14 North end 2021 

 
Photograph 2:  WN14 North end 2020 

 
   



Windarling Waste Dump Rehabilitation Sites 

Site number:  W2 03 

Date:  10/10/2021 

Vegetation 
description: 

Acacia murrayana low isolated trees over mixed Acacia low sparse shrubland. 

Erosion:  Minor rilling, no significant gullies. 

Comments:   

Photograph 1:  W2 03 West end 2021 

 
Photograph 2:  W2 03 West end 2020 

 
   



Site number:  W2 04 

Date:  10/10/2021 

Vegetation 
description: 

Acacia aneura, Grevillea juncifolia and Scaevola spinescens mid open shrubland over Maireana 
georgei, Maireana  tomentosa  and  Sclerolaena  cuneata  low  sparse  shrubland  over  Ptilotus 
nobilis and Ptilotus obovatus low sparse shrubland. 

Erosion:  Minor gullies running through / adjacent to Q1 – Q4. 
Severity = 1‐2 

Comments:  Low vegetative cover. 
Weeds: scattered Maltese cockspur 

Photograph 1:  W2 04 South end 2021 

 
Photograph 2:  W2 04 South end 2020 

 

 

   



Site number:  W2 06 

Date:  10/10/2021 

Vegetation 
description: 

Acacia caesaneura, A. fuscaneura, A. ramulosa sparse shrubland over low Maireana tomentosa, 
Salsola australis, Maireana georgei low sparse shrubland to low open shrubland. 

Erosion:  Minor rilling 
Severity = 1 

Comments:  Weeds: none noted. 

Photograph 1:  W2 06 South end 2021 

 
Photograph 2:  W2 06 South end 2020 

 
   

 
   



Site number:  W2 07 

Date:  10/10/2021 

Vegetation 
description: 

Lower = Acacia caesaneura and Acacia fuscaneura shrubland over mixed chenopod shrubs 
Upper  = Acacia acuminata  and  Senna artemisioides subsp. filifolia  shrubland over  chenopod 
shrubs 

Erosion:  Moderate erosion Q5 – Q8  
Severity = 2 

Comments:  Weeds: none noted. 

Photograph 1:  W2 07 West end 2021 

 
Photograph 2:  W2 07 West end 2020 

 
   

 
   



Site number:  W2 08 

Date:  10/10/2021 

Vegetation 
description: 

Acacia shrubland over mixed chenopod shrubs 
 

Erosion:  Minor  

Comments:  Weeds: none noted. 

Photograph 1:  W2 08 West end 2021 

 
Photograph 2:  W2 08 West end 2020 

 
   



Site number:  W2 09 

Date:  10/10/2021 

Vegetation 
description: 

Acacia aneura and Dodonaea  viscosa  sparse mid  shrubland over Maireana  spp and  Salsola 
australis low open chenopod shrubland.  

Erosion:  Minor rilling down length of transect. 
Severity = 1 

Comments:  Low alive vegetation cover.  

Photograph 1:  W2 09 West end 2021 

 
Photograph 2  W2 09 West end 2020 

 
   



Site number:  W2 10 

Date:  10/10/2021 

Vegetation 
description: 

Acacia shrubland over Ptilotus and mixed chenopod shrubs 
 

Erosion:  Minor rilling 
Severity = 1 

Comments:  Weeds: none noted. 

Photograph 1:  W2 10 North end 2021 

 
Photograph 2:  W2 10 North end 2020 

 
   



Site number:  W3 01 

Date:  9/10/2021 

Vegetation 
description: 

Salsola  australis,  Sclerolaena cuneata  and  Sclerolaena diacantha  low  sparse  chenopod 
shrubland over Ptilotus nobilis low sparse shrubland 

Erosion:  Top half of transect has gully erosion. 
Severity = 2 

Comments:  Good vegetation growth since last monitoring. 
Weeds: none noted. 

Photograph 1:  W3 01 West end 2021 

 
Photograph 2:  W3 01 West end 2020  

 

 

   



Site number:  W3 02 

Date:  9/10/2021 

Vegetation 
description: 

Scattered Chenopod shrubs. 

Erosion:  Rilling and gullies throughout transect. 
Severity = 3 

Comments:  Erosion more severe than last year. 
Very low vegetation cover. 

Photograph 1:  W3 02 North end 2021 

 
Photograph 2:  W3 02 North end 2020  

 
   



Site number:  W3 04 

Date:  9/10/2021 

Vegetation 
description: 

Transect: Atriplex open shrubland.  
Broader area: Isolated Eucalyptus griffithsii low woodland over Acacia isolated tall shrubs. 

Erosion:  Minor rilling throughout. 
Severity = 1 

Comments:   

Photograph 1:  W3 04 South end 2021 

 
Photograph 2:  W3 04 South end 2020  
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APPENDIX N – LANDFORM REHABILITATION MONITORING STATUS SUMAMRY



 

ATTACHMENT 1: KOOLYANOBBING IRON ORE PROJECT (J00559) - WASTE ROCK 

LANDFORM (WRL) REHABILITATION MONITORING STATUS SUMMARY  

In 2013 a monitoring program was implemented across the operations to enable collection of data from 

a series of monitoring sites established on rehabilitated waste dumps and in undisturbed vegetation 

(reference sites).  The data collected is intended to demonstrate progress toward, and ultimately 

achievement of, closure criteria for rehabilitated areas, as agreed by the regulatory agencies. 

Closure completion criteria (CC) have previously been defined for the project. To calculate the CC, data 

collected from the rehabilitation sites is compared to the same data collected from the relevant reference 

sites. The criteria for each WRL are different but can be summarised as the following: 

1. A defined percentage (%) of the average total live foliage cover per 2x2m quadrat – a measure of the 

percentage cover of living plants in each quadrat. 

2. A defined percentage (%) of the average number of live native perennial individuals per 2x2 – a count 

of the number of living native perennial plants in each quadrat, averaged over the 20 quadrats for 

each transect. 

3. A defined percentage (%) of the total native species richness per transect – the number of species of 

native plant present within the quadrats of the transect. 

For WRLs (K, J1, J2, J3, W2, W3) the defined percentage of 70% of the average for all of the above CC 

has been adopted whereas for B/C WRL, A1 WRL and A2 WRLs the defined percentage of 80% of the 

average has been adopted.  

Analysis of the data collected during the 2020 monitoring has generally demonstrated very good 

progress toward achievement of closure criteria across the project, and is summarized as follows: 

 At Koolyanobbing, each of the sites monitored in 2020 on A1, A2 and B-C waste dumps demonstrated 

achievement of CC. Four of the monitored sites on K waste Dump demonstrated achievement of CC 

and six are yet to demonstrate any of the criteria. 

 At Mt Jackson, all sites at J1, J2 and J3 waste dumps demonstrated at least partial achievement of 

CC. One site at J1 demonstrated achievement of all criteria. 

 At Windarling, each of the sites monitored on W2 waste dump demonstrated partial achievement of 

CC. On W3 waste dump two sites demonstrated partial achievement and three sites are yet to achieve 

any of the criteria. 

MRL acknowledges the current monitoring program is subject to experimental bias with no flexibility to 

add or remove sites to accurately reflect the developing and changing ecosystem over the entire 

landform. Consequently, MRL are investigating alternative monitoring options as outlined in 

Attachment 3, to ensure that monitoring categories (stability parameters and vegetation parameters) 

and completion criteria are scientifically valid and reflect the functioning and performance of the entire 

landform. An enhanced monitoring program will be included as part of the Yilgarn Operations MCP 

due April 2022. 

A summary of the rehabilitation status and proposed remedial works for all WRLs under the Yilgarn 

Operations is presented in Table 1. 



 

 

Table 1: Summary of rehabilitation status and proposed remedial works for Yilgarn Operations 

WRD ID Completion Criteria 1 Summary of Completion Criteria trajectory  General comments Landform assessment requirements Planned scope of works / remedial 

works 
CC1 CC2 CC3 

Koolyanobbing 

K WRL 7 of 12 sites 

are trending 

upwards,  

5 of 12 sites 

are stable.  

4 of 12 sites 

trending 

upwards,  

8 of 12 sites 

are stable 

5 of 12 sites 

trending 

upwards,  

7 of 12 are 

stable 

When measured across all of the K WRL monitoring 

sites, the following trends can be observed: 

CC1 – the vegetation is trending towards achieving this 

criterion, reflective of the maturing size of the 

specimens. 

CC2 – the number of specimens has stabilised, 

possibly indicating rehabilitation has stalled on the 

trajectory towards achieving this criterion. This may 

reflect low rainfall seasons during and prior to 2020.   

CC3 – gains in native species richness have stalled at 7 

of 12 monitoring transects. At 5 of the transects, a 

trending improvement in native species richness has 

been observed.    

Only 3 of 12 monitoring sites have achieved the 

criterion for completion over multiple monitoring 

seasons.  

Soils are generally moderately to 

highly saline, often with a salt 

crust visible on the surface. The 

southern end of the WRL is the 

worst affected, having had 

extremely saline waste material 

placed on the outer surface prior 

to rehabilitation. 

Rectification of the K WRL to meet the Closure Approval 

Criteria consists of four changes: 

1) Upper 0.2 m cover layer of the WRL, inferred to be the 

existing topsoil cover, to be removed using a dozer 

(pushed into piles or rills for loading). Topsoil to be 

loaded into trucks and stockpiled on the uppermost 

plateaus of the WRL, to be re-applied following 

reprofiling. Topsoil on slopes to be pushed to the closest 

lower bench and removed by truck and excavator 

methods; 

2) Berms to be re-established at correct levels to satisfy 

maximum lift height of 10 m; 

3) Berms need to be widened in most areas; and 

4) Sufficient back sloping installed on all berms (to a 5˚ 

backslope minimum). 

The following scope of works are in 

progress or completed: 

1. Dendra Systems remote sensing survey 

– Completed. A 6-monthly UAV remote 

sensing survey will be carried out for a 3-

year period to monitor the WRL (safe, 

stable, sustainable, and non-polluting) 2  

2. Waste rock characterisation and topsoil 

assessment – In progress – results due 

March 2022 

3. Landform Health Assessment – 

Completed 

Subject to all of the above and as per the 

specifications outlined in the landform 

health assessment, the rehabilitation 

earthworks schedule is proposed to be 

detailed in the next revision of the MCP.  

B/C WRL All five sites 

achieved this 

criterion.  

All 5 sites 

achieved this 

criterion. 

All 5 sites 

achieved this 

criterion.  

When measured across all of the B-C WRL monitoring 

sites, the following was observed.  

CC1 – all 5 sites achieved this criterion, with cover 

continuing to increase at 3 of 5 sites. 

CC2 – all 5 sites achieved this criterion, with the 

number of specimens continuing to increase at 3 of 5 

sites.  

CC3 – all 5 sites achieved this criterion, with total native 

species richness continuing to increase or remain 

stable. 

 

Rehabilitation on B/C WRL has 

progressed very well, with both 

sites monitored during 2020 

having achieved the closure 

completion criteria. The WRL 

slopes display a high degree of 

stability with generally very good 

species diversity. 

Rehabilitation of the lower lifts of B/C WRL have a 

suitable established vegetation cover. Reprofiling would 

mean disturbing this established vegetation, which would 

result in further erosion of the landform, and an effective 

‘reset’ to the reclamation process 

Rectification of the B/C WRL to meet the Closure 

Approval Criteria in areas that have not been 

rehabilitated or where rehabilitation has not been 

successful consists of five changes: 

1) Compliance with maximum WRL height of 430 m AHD 

to be accomplished by dozing stacked material on 

uppermost plateau down to reprofile the adjacent slope; 

2) Upper 0.2 m cover layer of the WRL, inferred to be the 

existing topsoil cover, to be removed using a dozer 

(pushed into piles or rills for loading). Topsoil to be 

loaded into trucks and stockpiled on the uppermost 

plateaus of the WRL, to be re-applied following 

reprofiling. Topsoil on slopes to be pushed to the closest 

lower bench and removed by truck and excavator 

methods; 

3) Berms to be re-established at correct levels to satisfy 

maximum lift height of 10 m; 

The following scope of works are in 

progress or completed: 

1. Dendra Systems remote sensing survey 

– Completed. A 6-monthly UAV remote 

sensing survey will be carried out for a 3-

year period to monitor the WRL (safe, 

stable, sustainable, and non-polluting) 2 

2. Waste rock characterisation and topsoil 

assessment – In progress – results due 

March 2022 

3. Landform Health Assessment – 

Completed 

Subject to all of the above and as per the 

specifications outlined in the landform 

health assessment, the rehabilitation 

earthworks schedule is proposed to be 

detailed in the next revision of the MCP. 



 

 

WRD ID Completion Criteria 1 Summary of Completion Criteria trajectory  General comments Landform assessment requirements Planned scope of works / remedial 

works 
CC1 CC2 CC3 

4) Berms need to be widened in most areas, as identified 

in the “Berm Width” section Berm Capacity Modelling of 

this memo; and 

5) Sufficient backsloping installed on all berms (to a 5˚ 

backslope minimum). 

A1 WRL All 4 sites 

achieved this 

criterion. 

All 4 sites 

achieved this 

criterion. 

All 4 sites 

achieved this 

criterion. 

The monitoring quadrats and transects all indicate an 

ongoing trend of increasing cover, number of individuals 

and species richness. The number of native species in 

each of the monitored WRL transects ranged from 18 in 

A1-04 to 22 in A1-03. In comparison, the reference sites 

ranged from 14 to 25 native species per transect. 

When measured across all of the A1 WRL monitoring 

sites, the following was observed.  

CC1 – all 4 sites achieved this criterion, with cover 

continuing to increase at a majority of sites. 

CC2 – all 4 sites achieved this criterion, with the 

average number of individuals continuing to increase. 

CC3 – all 4 sites achieved this criterion. 

 

 

Rehabilitation on the A1 WRL has 

progressed well, with all sites 

monitored during 2020 having 

achieved the closure completion 

criteria. The WRL slopes display a 

high degree of stability. 

A1 has a suitable established vegetation cover. 

Reprofiling would mean disturbing this established 

vegetation, which would result in further erosion of the 

landform, and an effective ‘reset’ to the reclamation 

process.  

The following scope of works are in 

progress or completed: 

1. Dendra Systems remote sensing survey 

– Completed. A 6-monthly UAV remote 

sensing survey will be carried out for a 3-

year period to monitor the WRL (safe, 

stable, sustainable, and non-polluting) 2 

2. Waste rock characterisation and topsoil 

assessment – In progress – results due 

March 2022 

3. Landform Health Assessment – 

Completed 

On-going monitoring using the Dendra 

remote survey will determine future 

requirements for remedial action.  

A2 WRL The single 

monitoring 

site achieved 

this criterion. 

The single 

monitoring 

site achieved 

this criterion.  

The single 

monitoring 

site achieved 

this criterion.  

The A2 WRL has only 1 monitoring site, established in 

2013.  

The monitoring site on the A2 WRL has achieved all 3 

closure criteria. A high abundance of perennial natives 

was recorded at these sites. 

 

Rehabilitation on the A2 WRL has 

progressed well, with all sites 

monitored during 2020 having 

achieved the closure completion 

criteria. The WRL slopes display a 

high degree of stability. 

Rehabilitation of the northern lower lifts of A2 WRL have 

a suitable established vegetation cover. Reprofiling would 

mean disturbing this established vegetation, which would 

result in further erosion of the landform, and an effective 

‘reset’ to the reclamation process 

Rectification of the A2 WRL to meet the Closure Approval 

Criteria in areas that have not been rehabilitated or where 

rehabilitation has not been successful consists of four 

changes: 

1) Upper 0.2 m cover layer of the WRL, inferred to be the 

existing topsoil cover, to be removed using a dozer 

(pushed into piles or rills for loading). Topsoil to be 

loaded into trucks and stockpiled on the uppermost 

plateaus of the WRL, to be re-applied following 

reprofiling. Topsoil on slopes to be pushed to the closest 

lower bench and removed by truck and excavator 

methods; 

2) Berms to be re-established at correct levels to satisfy 

maximum lift height of 10 m; 

3) Berms need to be widened in most areas, as identified 

in the “Berm Width” section Berm Capacity Modelling of 

this memo; and 

The following scope of works are in 

progress or completed: 

1. Dendra Systems remote sensing survey 

– Completed. A 6-monthly UAV remote 

sensing survey will be carried out for a 3-

year period to monitor the WRL (safe, 

stable, sustainable, and non-polluting) 2 

2. Waste rock characterisation and topsoil 

assessment – In progress – results due 

March 2022 

3. Landform Health Assessment – 

Completed 

Subject to all of the above and as per the 

specifications outlined in the landform 

health assessment, the rehabilitation 

earthworks schedule is proposed to be 

detailed in the next revision of the MCP 



 

 

WRD ID Completion Criteria 1 Summary of Completion Criteria trajectory  General comments Landform assessment requirements Planned scope of works / remedial 

works 
CC1 CC2 CC3 

4) Sufficient backsloping installed on all berms (to a 5˚ 

backslope minimum). 

F WRL - - - F WRL is not yet ready for rehabilitation 

Mt Jackson 

J1 1 of 3 sites 

meets the 

criterion.  

All 3 sites are 

trending 

upwards. 

All 3 sites 

meet the 

criterion, 

showing a 

trend of 

increasing 

numbers of 

individuals. 

All 3 sites 

meet the 

criterion. 

CC1 – the vegetation is trending towards achieving this 

criterion, reflective of the maturing size of the 

specimens. 1 monitoring site achieved this criterion. 

The trend across the other 2 sites is towards 

achievement. 

CC2 – the number of specimens continues to increase 

at 2 of 3 sites, all of which achieved the criterion.  

CC3 – all 3 sites achieved this criterion. 

 

 

Rehabilitation on the J1 WRL is 

limited in extent.  

Rehabilitation undertaken to date 

has progressed well and J1 04 

has achieved all of the three 

closure completion criteria in 

2020. The WRL slopes display a 

high degree of stability and 

species diversity is good. 

Rehabilitation of the northern lower lifts of J1 WRL have a 

suitable established vegetation cover. Reprofiling would 

mean disturbing this established vegetation, which would 

result in further erosion of the landform, and an effective 

‘reset’ to the reclamation process 

Rectification of the J1 WRL to meet the Closure Approval 

Criteria in areas that have not been rehabilitated or where 

rehabilitation has not been successful consists of four 

changes: 

Rectification of the J1 WRL to meet the Closure Criteria 

consists of four changes: 

1) Upper 0.2 m cover layer of the WRL, inferred to be the 

existing topsoil cover, to be removed using a dozer 

(pushed into piles or rills for loading). Topsoil to be 

loaded into trucks and stockpiled on the uppermost 

plateaus of the WRL, to be re-applied following 

reprofiling. Topsoil on slopes to be pushed to the closest 

lower bench and removed by truck and excavator 

methods; 

2) Berms to be re-established at correct levels to satisfy 

maximum lift height of 10 m; 

3) Berms need to be widened in most areas, as identified 

in the “Berm Width” section Berm Capacity Modelling of 

this memo; and 

4) Sufficient back sloping installed on all berms (to a 5˚ 

backslope minimum). 

The following scope of works are in 

progress or completed: 

1. Dendra Systems remote sensing survey 

– Completed. A 6-monthly UAV remote 

sensing survey will be carried out for a 3-

year period to monitor the WRL (safe, 

stable, sustainable, and non-polluting) 2 

2. Waste rock characterisation and topsoil 

assessment – In progress – results due 

January 2022 

3. Landform Health Assessment – 

Completed 

Subject to all of the above and as per the 

specifications outlined in the landform 

health assessment, the rehabilitation 

earthworks schedule is proposed to be 

detailed in the next revision of the MCP  

J2 Further 

monitoring is 

required to 

determine a 

trend. 

2 of 3 sites 

achieved this 

criterion, the 

third is 

trending 

upwards. 

All 3 sites 

meet the 

criterion. 

The J2 monitoring indicates a trend towards achieving 

two of the completion criteria across the 3 monitoring 

sites. 

CC1 – 1 site achieved this criterion, with cover trending 

towards achieving it at site J2 03.  

CC2 – 2 of 3 sites achieved this criterion, with the third 

site trending towards achieving it. 

CC3 – all 3 sites achieved this criterion. 

 

Rehabilitation on the J2 WRL has 

progressed well, with two of the 

completion criteria having been 

met in site J2 03.  

Further monitoring sites should be 

established on the upper lifts to 

determine progress towards 

achieving the completion criteria 

across more of the WRL. 

J2 has a suitable established vegetation cover. 

Reprofiling would mean disturbing this established 

vegetation, which would result in further erosion of the 

landform, and an effective ‘reset’ to the reclamation 

process. 

The following scope of works are in 

progress or completed: 

1. Dendra Systems remote sensing survey 

– Completed. A 6-monthly UAV remote 

sensing survey will be carried out for a 3-

year period to monitor the WRL (safe, 

stable, sustainable, and non-polluting) 2  

2. Waste rock characterisation and topsoil 

assessment – In progress – results due 

January 2022 



 

 

WRD ID Completion Criteria 1 Summary of Completion Criteria trajectory  General comments Landform assessment requirements Planned scope of works / remedial 

works 
CC1 CC2 CC3 

3. Landform Health Assessment – In 

progress 

On-going monitoring using the Dendra 

remote survey will determine future 

requirements for remedial action. 

J3 2 sites are 

trending 

upwards,  

1 site 

requires 

further 

monitoring 

1 of 3 sites is 

trending 

negatively.  

2 of 3 are 

stable. 

All 3 sites 

meet the 

criterion. 

The J3 monitoring indicates a trend towards achieving 

the completion criteria across the 3 monitoring sites, 

with some exceptions.  

CC1 – the vegetation is trending towards achieving this 

criterion, reflective of the maturing size of the 

specimens. 

CC2 – the number of specimens has declined strongly 

at J3 01. Further monitoring will determine if remedial, 

actions are required.  

CC3 –minor declines in species richness have been 

noted. All 3 sites still exceed the CC3 70% average, 

meeting the criterion.    

Rehabilitation on the J3 WRL has 

generally progressed well, with J3 

02 having achieved two of the 

three closure completion criteria. 

The WRL slopes display a high 

degree of stability and species 

diversity is typically very good on 

the lower slopes. 

The rehabilitation undertaken in 

2009 lacks monitoring sites. Aerial 

images indicate a paucity of 

vegetation which suggests a 

review is required. 

J3 has a suitable established vegetation cover across the 

lower and mid lifts. Reprofiling would mean disturbing this 

established vegetation, which would result in further 

erosion of the landform, and an effective ‘reset’ to the 

reclamation process. 

The following scope of works are in 

progress or completed: 

1. Dendra Systems remote sensing survey 

– Completed. A 6-monthly UAV remote 

sensing survey will be carried out for a 3-

year period to monitor the WRL (safe, 

stable, sustainable, and non-polluting) 2  

2. Waste rock characterisation and topsoil 

assessment – In progress – results due 

January 2022 

3. Landform Health Assessment – In 

progress 

On-going monitoring using the Dendra 

remote survey will determine future 

requirements for remedial action. 

Windarling 

W2 4 sites are 

trending 

upwards and 

4 are stable. 

2 new sites 

were first 

monitored in 

2020.  

No sites have 

achieved 

CC1. 

All 10 sites 

have 

achieved 

CC2. 

9 of 10 sites 

have 

achieved 

CC3.  

The 

remaining site 

has declined 

slightly but is 

close to 

achieving the 

criteria. 

 

The four rehabilitation sites monitored on the W2 WRL 

in 2020 have achieved two of the closure criteria. The 

criterion not achieved in all cases was live foliar cover. 

This is the case for all other sites on W2 Waste Dump.  

CC1 – the vegetation is trending towards achieving this 

criterion across 4 of 8 sites, reflective of the maturing 

size of the specimens. The remainder are stable and 

require further assessment to determine if remedial 

action is required. 

CC2 – all sites achieved this criterion.  

CC3 – 9 of 10 sites achieved this criterion. 

Rehabilitation on the W2 WRL has 

generally progressed well, with all 

sites monitored in 2020 having 

achieved two of the three closure 

completion criteria. 

Rectification of the North West W2 WRL to meet the 

Closure Approval Criteria consists of five major changes: 

1) Removal of cut material from overdumped batters 

(over steeped to angle of repose 37°). 

2) Dumping of cut material in close proximity to establish 

new batters within limits. 

3) Reshaping of dumped 37˚ batters to compliant 20˚ 

slope angle. 

4) Cutting of berms to achieve 5˚ berm backsloping 

criteria. 

5) Establishment of baffles on all berms at 50m 

increments.  

The following scope of works are in 

progress or completed: 

1. Dendra Systems remote sensing survey 

– Completed. A 6-monthly UAV remote 

sensing survey will be carried out for a 3-

year period to monitor the WRL (safe, 

stable, sustainable, and non-polluting) 2  

2. Waste rock characterisation and topsoil 

assessment – In progress – results due 

December 2022 

3. Landform Health Assessment – 

Completed 

Subject to all of the above and as per the 

specifications outlined in the landform 

health assessment, the rehabilitation 

earthworks schedule is proposed to be 

detailed in the next revision of the MCP 

W3 No sites 

achieve this 

criterion.  

1 site 

achieves this 

criterion.  

2 sites 

achieve this 

criterion.  

When measured across all of the W3 WRL monitoring 

sites, the following trends can be observed: 

CC1 – further monitoring is required to determine trends 

towards achieving this criterion. Two of the 5 five sites 

Rehabilitation on the W3 WRL 

was completed relatively recently 

on much of the WRL. W3 01 has 

achieved two of the three closure 

completion criteria and W3 04 has 

Based on the outcomes of the gap assessment, no 

significant rectification works are required for the W3 

WRL. 

The following scope of works are in 

progress or completed: 

1. Dendra Systems remote sensing survey 

– Completed. A 6-monthly UAV remote 



 

 

WRD ID Completion Criteria 1 Summary of Completion Criteria trajectory  General comments Landform assessment requirements Planned scope of works / remedial 

works 
CC1 CC2 CC3 

2 sites are 

trending 

upwards,  

3 are stable 

but with very 

low (poor) 

averages.  

2 sites are 

trending down 

and 2 are 

stable but all 

4 have very 

low (poor) 

averages.  

3 sites are 

stable and 

demonstrating 

healthy 

averages 

which may 

achieve the 

criterion after 

a good rainfall 

season.  

demonstrate increased cover, reflective of the maturing 

size of the specimens. 

CC2 – the number of specimens has decreased across 

3 of the sites and is stable at 2, possibly indicating 

rehabilitation has stalled on the trajectory towards 

achieving this criterion. This may reflect low rainfall 

seasons during and prior to 2020. 

CC3 – gains in native species richness have stalled at 4 

of 5 monitoring transects, including 1 which consistently 

achieves this criterion. 2 of the 5 consistently achieve 

this criterion across monitoring years.     

 

achieved one of the completion 

criteria. 

Excavation of berms on North West face of the WRL to 

achieve minimum berm backsloping criteria. 

Top of the WRL requires final shaping.  

sensing survey will be carried out for a 3-

year period to monitor the WRL (safe, 

stable, sustainable, and non-polluting) 2  

2. Waste rock characterisation and topsoil 

assessment – In progress – results due 

December 2022 

3. Landform Health Assessment – 

Completed 

Subject to all of the above and as per the 

specifications outlined in the landform 

health assessment, the rehabilitation 

earthworks schedule is proposed to be 

detailed in the next revision of the MCP. 

W4 - - - W4 WRL is not yet ready for rehabilitation The existing W4 WRL requires two primary changes to 

be compliant: 

1) All berm widths widened to minimum of 10m; 

2) Backsloping of 5 degrees needs to be applied to all 

berms. 

The following scope of works are in 

progress or completed: 

1. Dendra Systems remote sensing survey 

– Completed. A 6-monthly UAV remote 

sensing survey will be carried out for a 3-

year period to monitor the WRL (safe, 

stable, sustainable, and non-polluting) 2  

2. Waste rock characterisation and topsoil 

assessment – In progress – results due 

December 2022 

3. Landform Health Assessment – 

Completed 

4. WRL expansion currently under 

approvals assessment. 

Subject to all of the above and as per the 

specifications outlined in the landform 

health assessment, the rehabilitation 

earthworks schedule is proposed to be 

detailed in the next revision of the MCP. 

W7 - - - W7 WRL is currently under rehabilitation. 

- 

Rectification of the W7 WRL to meet the Closure 

Approval Criteria consists of three major changes: 

1) Height of the top tier must be reduced to RL 470; 

2) Backsloping of 5 degrees needs to be applied to all 

berms; and 

3) Berm width widened to 10m where non-compliant. 

The following scope of works are in 

progress or completed: 

1. Dendra Systems remote sensing survey 

– Completed. A 6-monthly UAV remote 

sensing survey will be carried out for a 3-

year period to monitor the WRL (safe, 

stable, sustainable, and non-polluting) 2  

2. Waste rock characterisation and topsoil 

assessment – In progress – results due 

December 2022 



 

 

WRD ID Completion Criteria 1 Summary of Completion Criteria trajectory  General comments Landform assessment requirements Planned scope of works / remedial 

works 
CC1 CC2 CC3 

3. Landform Health Assessment – 

Completed 

Rehabilitation activities are currently 

underway.  

Deception 

Deception - - - Deception WRL is not yet ready for rehabilitation The following scope of works are in 

progress or completed: 

1. Dendra Systems remote sensing survey 

– Completed. A 6-monthly UAV remote 

sensing survey will be carried out for a 3-

year period to monitor the WRL (safe, 

stable, sustainable, and non-polluting) 2  

2. Landform Health Assessment – In 

progress – February 2022 

3. Trials to commence once health 

assessment is complete  

Claw - - - Claw WRL is not yet ready for rehabilitation 

Parker Range 

Parker 

Range 

WRL 

- - - Parker Range WRL is not yet ready for rehabilitation 

Table notations 

1 Completion criteria: 

• CC1 - Average total live foliage cover per 2x2m quadrat – a measure of the percentage cover of living plants in each quadrat. 

• CC2 - Average number of live native perennial individuals per 2x2 – a count of the number of living native perennial plants in each quadrat, averaged over the 20 quadrats for each transect. 

• CC3 - Total native species richness per transect – the number of species of native plant present within the quadrats of the transect. 
2 Dendra remote survey will monitor for: weeds, native vegetation, erosional features, fauna, legacy waste, bare ground, bare ground slope, Normalized difference vegetation index (NDVI), area classification and vegetation height classification. See ATTACHMENT 
3.  

(-) no monitoring information 



 

ATTACHMENT 3: DENDRA INSIGHT MONITORING SOFTWARE  

 

MRL acknowledges that the current monitoring programs across both Yilgarn and Carina operations are 

subject to experimental bias with no flexibility to add or remove sites to accurately reflect the developing 

and changing ecosystem over the entire landform.   Consequently, MRL are investigating alternative 

monitoring options as outlined, to ensure that monitoring categories (stability parameters and vegetation 

parameters) and completion criteria are scientifically valid and reflect the functioning and performance 

of the entire landform. 

In September 2021, Dendra Systems completed a portfolio wide high-resolution imagery and remote 

sensing capture, including MRLs Yilgarn and Carina Operations, with the provision of data interpretation 

via the Dendra Insights Platform. 

MRL is currently in discussions with Dendra regarding the feasibility of undertaking a three-year program 

to survey all WRLs every 6-months to monitor erosional features, flora establishment and flora health 

check. A detailed enhanced monitoring program will be included as part of the Yilgarn and Carina 

Operations MCPs due April 2022. 

The Dendra Insights platform utilises machine learning technology to analyse and provide insights 

covering erosion risk, vegetation health per species, and quantification of native and invasive flora, with 

an easy-to-use dashboard to diagnose problems and created targeted large scale action plans.  

The initial scope of works carried out in September 2021 was to obtain data interpretation as a baseline 

monitoring assessment on a landform scale to ensure that future monitoring categories (stability 

parameters and vegetation parameters) and completion criteria are scientifically valid and reflect the 

functioning and performance of the entire landform.   

 

The following parameters will be included in ongoing monitoring of the WRLs: 

 Weeds 

 Erosional features 

 Fauna 

 Legacy waste 

 Bare Ground % 

 Bare Ground Slope 

 NDVI 

 Area Classification 

 Vegetation Height Classification 

 
An example of the survey areas for Windarling and Koolyanobbing are presented in Figure 1 and Figure 
2, respectively.  
 



 

 

 
Figure 1: Dendra survey areas completed – Windarling 

 

 

Figure 2: Dendra survey areas completed – Koolyanobbing 



 

 

The erosional feature analysis consists of gully erosion, rill erosion, tunnel erosion and sheet erosion. 

An example of tunnel erosion is shown in Figure 3 and gully erosion in Figure 4. Gullies are identified 

as being greater than 300mm deep and more than 300mm wide.  

Figure 3: Example of tunnel erosion designation at A2 WRL  

Figure 4: Example of gully erosion designation at A2 WRL 



 

 

Figure 5: Example of monitoring features within the Dendra Insight Software as well as tunnel erosion and gully erosion identification at A1 WRL 

 

 



 

 

 

 

 

Figure 6: Example of monitoring features within the Dendra Insight Software as well as area classification, bare ground and vegetation height identification at A1 WRL 
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