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1.0 INTRODUCTION 
This Performance Review Report (PRR) has been prepared by Sinosteel Midwest Corporation 
Limited (SMC) for the Koolanooka/Blue Hills Direct Shipping Ore Mining Project, Shires of Morawa 
and Perenjori, Ministerial Statement 811 (the Project). This report specifically relates to requirements 
of Condition 5 of Ministerial Statement 811 as follows:  

5-1 “The proponent shall submit to the CEO a Performance Review Report at the conclusion of 
the first year after ground disturbing activity, and then triennially, which addresses: 

1. The environmental risks and impacts, the performance objectives, standards and criteria 
related to these; the success of risk mitigation/impact mitigation measures and results of 
monitoring related to management of the major risks and impacts; 

2. The level of progress in the achievement of best practice environmental performance, 
including industry benchmarking, and the use of best available technology; and 

3. Improvements gained in environmental management which could be applied to this and other 
similar projects. 

5-2 The proponent shall make the Performance Review Reports required by condition 5-1 
publically available in a manner approved by the CEO.” 

This is the fourth PRR for the project covering the three year period from April 2017 to March 2020 
(the reporting period). 

Ground disturbing activity commenced at Koolanooka on 2 April 2010 and mining activity ceased in 
January 2013 when the site was put into care and maintenance. Operations commenced at Blue Hills 
in July 2013 until May 2015 when the site was put into care and maintenance. 

SMC is committed to ensuring all its activities comply with statutory requirements as a minimum and 
are undertaken so that adverse environmental impacts are avoided or appropriately managed. 

1.1 Definitions 

Table 1:  Definitions 
Term Definition 
ACAR Annual Compliance Assessment Report 

BGPA Botanic Gardens and Parks Authority 

CMSR Centre for Mine Site Restoration 

DMIRS Department of Mines, Industry Regulation and Safety 

DSO Direct Ship Ore 

EPA Office of the Environmental Protection Agency 

EMS Environmental Management System 

KML Karara Mining Limited 

MCP Mine Closure Plan 

MS811 Ministerial Statement No. 811 

PEC Priority Ecological Community 

PRR Performance Review Report 

PER Public Environmental Review 

the Project Koolanooka/Blue Hills Direct Shipping Ore Mining Project 
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Term Definition 
TEC Threatened Ecological Community 

SMC Sinosteel Midwest Corporation Limited 

WA Western Australia  

WMC Western Mining Corporation 

1.1 Proponent 
The proponent for the Project is: 

Sinosteel Midwest Corporation Limited 

Level 3, 7 Rheola Street, West Perth WA 6005 

Postal Address: PO Box 529, West Perth, WA 6872. 

Email: compliance@smcl.com.au  

1.2 Project Background 
A Public Environmental Review document (PER) was developed and submitted to the Environmental 
Protection Authority (EPA) for the Project under Part IV of the Environmental Protection Act 1986 
(Assessment No.1653) in September 2008. The PER was approved under Ministerial Statement 811 
on 4 November 2009. Federal approval was received on 4 January 2010 (EPBC 2007/3809).  

The Koolanooka mine was the first stage of the Project and is located approximately 160kms south-
east of Geraldton and 20kms east of the Morawa township (Figure 1). The Blue Hills component of 
the project, which encompasses the Mungada East and Mungada West pits, is located a further 
60kms east of Koolanooka. The overall project will produce in excess of 7 million tonnes of hematite 
Direct Shipping Ore (DSO) iron ore over an operational period of six years, with ore transported by rail 
(or road) to the Geraldton Port.   

At Koolanooka, operations comprised mining the South-fold Cutback; a small extension to the existing 
pit previously mined in the 1960s and 70s by Western Mining Corporation (WMC). Additionally, mining 
of the Detritals pit, a shallow extension of between 10 - 35 m on the south-western flank of the 
existing Koolanooka pit was completed. Ore was crushed and screened on site and transported by 
road train to Geraldton Port for storage and shipment. All waste rock generated was either backfilled 
into the existing Koolanooka pit or placed in nearby waste dumps. Mining did not extend below the 
water table, so dewatering is not necessary. A site layout plan for Koolanooka is shown in Figure 2. 

Operations at Blue Hills entail mining of the existing pits at Mungada East and Mungada West, also 
previously mined by WMC. Mining and crushing activities are similar to Koolanooka and ore was 
trucked to the nearby Karara Mining Limited (KML) rail head for transport to Geraldton Port for export. 
A site layout plan for Blue Hills is shown in Figure 3. 

mailto:compliance@smcl.com.au
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Figure 1: Sinosteel Midwest Corporation Projects 

1.3 Project Status 
The Koolanooka and Blue Hills mines are both in care and maintenance.  

Mining activity ceased at Koolanooka in January 2013 after nearly three years of DSO production. 
Crushing activity finished in March 2013 and road transport finished in July as per schedule. In total, 
4.3 million tonnes of iron ore was produced from the Koolanooka DSO operation. The Koolanooka 
site remained in care and maintenance during the reporting period. The majority of the Koolanooka 
site has been progressively rehabilitated to date with the explosives facility (operated by Orica), key 
access roads and other minor infrastructure remain operational. 
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Construction activity commenced at Blue Hills in July 2013 with first production in September 2013. 
Crushing activity commenced in October 2013 and road transport to the nearby KML rail head started 
in November 2013. In May 2015, mining activity ceased and the mine was put into care and 
maintenance. At this time, 15 hectares of waste rock dump area was rehabilitated. The Blue Hills site 
will remain in care and maintenance until approvals for mine expansions are obtained and operations 
will recommence. 

 

Figure 2: Koolanooka Mine Site Layout 
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Figure 3: Blue Hills Mine Site Layout 
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2.0 PERFORMANCE REVIEW 
This section summarises the environmental performance of the project from April 2017 to March 
2020, as per Condition 5 of Statement 811. 

SMC is committed to ensuring all its activities comply with statutory requirements and are planned 
and performed so that adverse environmental effects are avoided or appropriately managed. 

2.1 Environmental Risk Management 
The environmental risks and impacts of the project; the performance objectives, standards and criteria 
related to these and the success of risk mitigation / impact mitigation measures are presented in 
Appendix A. The results of monitoring related to management of the major risks and impacts are 
discussed below. 

SMC has submitted an Annual Compliance Assessment Report (ACAR) for the Koolanooka/Blue Hills 
Project annually since November 2010 as per Ministerial conditions. 

Internal compliance assessments occur regularly as part of SMC’s ongoing environmental 
management strategy. This includes regular site inspections conducted to assess SMC’s compliance 
with its Care and Maintenance Plan.  

2.2 Environmental Performance  
A summary of the level of progress in environmental performance for the Project is presented below 
for the reporting period. 

2.2.1 Flora and Vegetation Management 
SMC is fully aware of the conservation significance of the Koolanooka Threatened Ecological 
Community (TEC) and the Blue Hills Priority Ecological Community (PEC), adjacent to its operations 
and is committed to managing environmental impacts in these areas. During operations, all staff and 
contractors working on the Project are made aware of the significance of the TEC and PEC and 
associated “No Go Zones” as part of the site induction process. 

2.2.2 Vegetation Monitoring 
Both projects remained in care and maintenance for the reporting period, monitoring for impacts from 
dust, saline water, fire and introduced fauna on vegetation (required by condition 6-4 of Statement 
811) have been suspended since September 2016. 

In 2012, 16 vegetation monitoring sites were established in the vegetation of the Blue Hills PEC 
around Mungada West and East. In August 2018, sites for a new vegetation and conservation 
significant flora monitoring program were established for the Mungada East Extension project area 
and baseline data collected. 

Monitoring conducted during reporting periods prior to September 2016 had not indicated a decline in 
the health or condition of either the Koolanooka Threatened Ecological Community or the Blue Hills 
Priority Ecological Community. Should operations reactivate, SMC will recommence vegetation health 
monitoring to the requirements of the CEO of the EPA. 

2.2.3 Rehabilitation Monitoring  
SMC has developed Rehabilitation and Mine Closure Monitoring Plans for both the Koolanooka and 
Blue Hills Projects to address the requirement of conditions 13-3, 13-4, 13-5 and 13-6 of Ministerial 
Statement 811. To monitor the performance of the progressive rehabilitation conducted to date, 
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rehabilitation monitoring was undertaken for SMC at both sites during Spring in accordance with each 
Rehabilitation Monitoring Plan by Maia Environmental Consultancy. 

The rehabilitation monitoring is designed to provide data that will show whether:  

• Species composition at rehabilitated areas is not less than 70% composition of the known 
original species diversity. 

• Weed cover is no more than that in undisturbed bushland in the area or less than 10% cover, 
whichever is the lesser. 

• Conservation significant flora species in vegetation around the vicinity of the project area is 
being affected by feral animals. 

• The rehabilitation areas are performing, and erosion is not a problem. 

Monitoring site data is analysed to determine trends in species composition, weed species cover and 
erosion. The monitoring data collected is compared with baseline data collected at analogue sites in 
the areas surrounding the pits and infrastructure at Koolanooka and Blue Hills. 

A summary of the monitoring results available to date (Spring 2018) for the reporting period is detailed 
in section 2.2.4 and 2.2.5 of this report.  

A copy of the full 2018 rehabilitation monitoring reports is attached as Appendix B and Appendix C. 

2.2.4 Blue Hills Monitoring Summary of Results 

2.2.4.1 SPECIES DIVERSITY 
The Blue Hills rehabilitation monitoring sites were established in 2015 and the vegetation in the 
rehabilitated areas is now approximately four years old (Figure 4). The Botanic Gardens and Parks 
Authority (BGPA) collated species lists for the known original diversity for the waste dumps at 
Mungada East and Mungada West. The re-established vegetation in the plots assessed has 11.9% of 
the known original species diversity for Mungada East and 12.9% of that for Mungada West. BGPA 
also indicated what the 70% restoration targets should be at each area and the plots assessed in 
areas rehabilitated at Mungada East and Mungada West had 16.9% and 18.6% respectively of this 
70% restoration target. Since 2015, this similarity to the 70% restoration target has increased from 
1.7% to 16.9% at Mungada East and from 3.4% to 18.6% at Mungada West. Targets relating to the 
percentage of the very common, common and uncommon taxa in the species lists for Mungada East 
and Mungada West were also recommended by BGPA. At Mungada East:  

• 42.9% of the 7 species target for very common species was achieved in 2018;  

• 29.2% of the 24 species target for common species; and  

• 10.7% of the 28 species target for uncommon species.   

At Mungada West:  

• 50.0% of the 6 species target for very common species was achieved in 2018;  

• 15.6% of the 32 species target for common species; and  

• 9.5% of the 21 species target for uncommon species.  

These percentages have increased since 2015 when the results for the common taxa were 4.2% and 
6.3% at Mungada East and Mungada West respectively and none of the very common or uncommon 
taxa were recorded. These targets have not yet been met; however, it has been only three years 
since seeding. 
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2.2.4.2 WEED COVERAGE 
Total weed cover for the rehabilitation sites in 2018 was 0.047%. This has increased from the 0% and 
0.0007% cover recorded in 2015 and 2017 respectively; however, it is still very low and below the 
total cover for the analogue sites (0.085%). 

2.2.4.3 FERAL ANIMAL IMPACTS 
No goats were observed by Maia in 2018 and none have been seen by Maia at Blue Hills since 
September 2013. No other feral animals have been observed at Blue Hills by Maia and there was no 
evidence grazing at any of the sites. The final pit voids do not appear to be causing any 
environmental impacts regarding feral animals and Significant Flora populations at vegetation 
monitoring plots on SMC’s Mungada East and Mungada West tenements.  

2.2.4.4 REHABILITATION PERFORMANCE 
BioCondition assessment provides an indication of whether the rehabilitation is performing as 
required and the re-vegetation becoming like vegetation in the surrounding area. BioCondition scores 
indicate the condition of an assessment area when benchmarked against (i.e. relative to) a 
reference/analogue community for the vegetation unit being assessed. In 2018, the BioCondition 
score for the area rehabilitated at Mungada East (BHD2R1 - Domain 2) was 0.36 out of a maximum 
possible score of 1 (decreasing from 0.45 in 2017), and for the area rehabilitated at Mungada West 
Waste Rock Dump (BHD4R1 – Domain 4) the score was 0.35 (decreasing from 0.46 in 2017). 

Small erosion gullies and many rills were observed and photographed at Mungada East and Mungada 
West in 2018. These have the potential to develop further and maintenance actions are planned such 
as additional cross ripping and reseeding of areas which will be undertaken to help the rehabilitation 
to succeed. These works shall be conducted during the final closure works or when opportunities for 
progressive rehabilitation occurring as required for the Blue Hills Project area. 

2.2.4.5 SUMMARY OF RESULTS 
Based on the change in species diversity that has occurred over the past three years it is likely that 
similar positive changes will occur over the next three years. The BioCondition assessment identified 
that the rehabilitation performance is decreasing against previous years, with data suggesting slope 
failure a key reason for the poor results.  

2.2.4.6 RECOMMENDATION FOR REVISION OF CLOSURE TARGETS  
Data collected at the two analogue sites (an area totalling 1 ha) produced a collated list of 45 species 
(excluding weed species). The species lists generated by BGPA for Mungada East and Mungada 
West comprised 84 and 85 species respectively and a collated list of 113 species.  

Diversity in the two analogue plots assessed in the floristic community type recommended by BGPA 
was much lower than that in the original diversity species list generated.  

A revision of the species diversity closure target could be warranted based on this data. Weed cover 
at the analogue plots was 0.09%.  This is a very low target for weed cover and it could probably be 
revised i.e. increased. 

In 2019, SMC submitted an updated Mining Proposal and Mine Closure Plan for the Blue Hills Project 
that incorporates Ministerial Statements 811 and 1071. The updated documents included a new 
internal Land Rehabilitation Procedure that amends the methodology associated with rehabilitation 
and restoration activities. SMC intends to utilise this new procedure to rehabilitate Blue Hills 
footprints, with the intention of meeting the targets as outlined in the Ministerial Statement.  
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Figure 4: Vegetation Monitoring Sites – Blue Hills 

2.2.5 Koolanooka Project Monitoring Summary of Results 
A summary of the rehabilitation monitoring results for the Koolanooka site during the reporting period 
is detailed below.  

2.2.5.1 SPECIES DIVERSITY 
Based on the data presented in the report, species diversity at all of the domains is below 70% of the 
original known species diversity in the surrounding vegetation communities. It will undoubtedly 
increase over the coming years (as over the past three to five years) but it has not achieved the 70% 
target at the areas rehabilitated in 2013, which are now five years from the completion of these areas 
of progressive rehabilitation. The 70% target will probably not be achieved at the areas rehabilitated in 
2015, which will be five years old in 2020. The highest similarities to the 70% species lists in 2018 
were 48.4% for Domain 4 compared with DPaW community (C) 5 and 47.1% for Domain 3 compared 
with DPaW C3. 

2.2.5.2 WEED COVERAGE 
Weed cover at the three and five-year-old sites is no more than the average of that for the bushland in 
the surrounding area. Weed cover at analogue sites assessed in communities 3, 4, 5 and 15 was 
either 5% (DPaW C3) or <1% (DPaW C4 and C5 and ATA C15). In 2018 the average weed cover at 
all domains was less than 1.60%. In addition to this, none of the weeds located in 2018 is a declared 
pest in WA. 

2.2.5.3 FERAL ANIMAL IMPACTS 
Goats have been observed at the Koolanooka mine site during the reporting period.  
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Two conservation significant flora species (Lepidosperma sp. Koolanooka and Millotia dimorpha, both 
Priority 1 species) have been in vegetation monitoring plots that were assessed each September at 
Koolanooka between 2010 and 2015. Between 2010 and 2018 the number of L. sp. Koolanooka (a 
perennial species) increased by one (from 12 to 13 plants) while the number of M. dimorpha (an 
annual species) has fluctuated between 2010 and 2017: approximately 350 plants were recorded in 
2012, 2,500 plants in 2013, 1,630 in 2014, 15 in 2015, four plants in 2017 and more than 3,000 in 
2018.   

Goats that have been observed at Koolanooka appear not to be affecting the L. sp. Koolanooka. The 
year to year fluctuations in the number of M. dimorpha will be reflecting variable seasonal conditions 
(rainfall and temperature and timing of rainfall in autumn and winter months) rather than the effects of 
feral animal grazing. Feral animals do not appear to be having any impact on the conservation 
significant flora species located at vegetation monitoring sites around the pit. 

2.2.5.4 REHABILITATION PERFORMANCE 
In 2018, the average BioCondition scores for the different domains: 

• Domain 1 (three years old) 0.11 out of a maximum score of 1.0;  

• Domain 2 (three years old) 0.24 when benchmarked against DPaW C3 and 0.18 when 
benchmarked against DPaW C4;  

• Domain 2 (five-year-old sites) 0.27 when benchmarked against DPaW C3 and 0.17 when 
benchmarked against DPaW C4;  

• Domain 3 (five years old) 0.20 when benchmarked against ATA C15;  

• Domain 4 in (five years old) 0.46, which is the highest BioCondition score for a site to date 
(Figure 5).  

The average BioCondition score for the five-year-old sites (0.24 /0.19; C3 / C4 benchmarks) is a little 
higher than the average score for the three year old sites (0.19 / 0.18; C3 / C4 benchmark 
comparisons). While BioCondition scores have not increased every year at all sites, they have all 
increased since they were first assessed. 

As in previous years erosion gullies, many rills and some areas where water tends to pond were 
observed and photographed at Domain 2 and areas where water ponds on Domain 1. The erosion 
was inspected in 2018 and will be in future years. Plant basal surface cover was higher in 2018 than 
in 2013 at all transects at both sites (ranging between 1.7% and 10.6% in 2018 and 0.3% and 1.5% in 
2013); although it decreased between 2017 and 2018 at the lower transect at both sites. As plant 
basal surface cover increases with time soil surface stability should improve. The cover of rocks with a 
diameter > 10 cm was low, less than 1% along all transects therefore rocks are not armouring and 
stabilising the soil surface. 

At each domain more species are germinating from the seed mix sown over the different areas each 
year and also from the topsoil seed bank. These percentages should continue to increase with time 
as the seed of some species may take longer to germinate, or require different conditions for 
germination, than others and other seed could be transported to the area. 

2.2.5.5 SUMMARY OF RESULTS 
The rehabilitation at the five-year-old and three-year-old sites does not currently meet the completion 
criterion relating to species diversity, as species diversity is less than 70% of the original known 
species for each of the rehabilitation domains.  

Based on the change in BioCondition scores and other parameters discussed in this report over the 
past five / three years it is likely that similar positive changes will occur over the coming years.  
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More detailed analysis of the species diversity desired, the species originally sown and those 
recorded on the rehabilitated areas will probably indicate whether reseeding or tube stock planting of 
some species will be required to achieve current species diversity completion criteria and to ensure 
that a proportion of the very common, common and uncommon species are present in the 
rehabilitated areas. Based on the past and 2018 results it is still unlikely that KD1R1 and KD2R3 will 
develop adequately without some intervention.  

Based on this, improvements were conducted at the site during 2019 as detailed in Section 3.1. 

2.2.5.6 RECOMMENDATION FOR REVISION OF CLOSURE TARGETS  
Data collected at the analogue sites for each community (1 ha assessed per community) produced a 
species list of 52 for DPaW C3, 48 for DPaW C4, 40 for DPaW C5 and 29 for ATA C15 (excluding 
weed species). The species lists generated by BGPA for DPaW C3 comprised 104 species, DPaW 
C4, 44 species and DPaW C5, 45 species. However, these species lists were collated from different 
sized areas (e.g. the DPaW C5 species list included species located in a 10ha area). Diversity at the 
two analogue plots assessed in DPaW C4 and C5 is similar to that on BGPA’s species lists for those 
communities, while BGPA’s species list for DPaW C3 was much higher than that from the analogue 
plots assessed in that community. A revision of the species diversity closure target for DPaW C3 
might be warranted given the non-standard areas from which the closure targets were derived.  

Weed cover at the analogue plots was 5% at one plot and less than 1% at the remainder. A target of 
1% is very low for weed cover and it would be reasonable for the target to be increased to 5%. 

 

     Figure 5: Vegetation Monitoring Sites - Koolanooka 
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2.2.6 Rehabilitation Research 
To assist in meeting requirements for rehabilitation at Koolanooka and Blue Hills, SMC entered into a 
research project with the Botanic Gardens and Parks Authority (BGPA) Kings Park Science Division 
in 2011. The primary aim of the restoration project is to ensure final rehabilitation of all disturbed 
areas at Koolanooka and Blue Hills with a minimum of 70% of known species diversity. 

A specific aspect of this research is to assist in the re-establishment of identified TEC vegetation 
taken from the pit extension area in an appropriate “offset” area adjacent to the pit. Research trials 
established at Koolanooka in 2012-13 were extended to Blue Hills in early 2014 with the set-up of 
topsoil plots to monitor the effects of various combinations of topsoil and vegetation debris material on 
seed bank germination and emergence.  

The research project was completed in April 2017. The overall restoration outcomes for the 
Koolanooka TEC offset area and drill pad restoration at Blue Hills show that, assessed a few years 
after establishment, SMC have returned biodiverse systems comparable to the reference 
communities. This is the first demonstrated capacity to restore this level of biodiversity in BIF across 
the resources sector. Further, the BGPA has advised that if best practice restoration is followed, there 
doesn’t appear to be any significant barriers to restoration over the first few years of restoration. With 
ongoing adaptive management programs, including threat mitigation and supplementary restoration 
works (plantings etc) then these biodiversity levels should be maintained. A copy of the BGPA 
Restoration Research Project report is provided as Appendix D. A restoration manual was produced 
to provide SMC with guidance on best practice methods to achieve successful rehabilitation.  

Following from this research SMC has entered into a five-year research project with the Australian 
Research Council (ARC), Centre for Mine Site Restoration (CMSR). The ARC CMSR is a research 
venture between Curtin University, Botanic Gardens and Parks Authority and the University of 
Western Australia. The Centre is partnered by the Society for Ecological Restoration Australasia as 
well as six major mining industry partners including Sinosteel Midwest Corporation. The CMSR 
commenced in mid-2016. The total funding of this project is 11.4 million over 5 years (including in-kind 
contributions) and will support four post-doc fellows and 18 PhD students.  

The main deliverables for the project will focus on SMC being able to:  

• achieve the best possible ecosystem function and stability to maximise potential for ongoing 
survival of re-established flora in SMC’s restoration sites; 

• demonstrate an ecosystem is ‘self-sustaining’. 

• meet best practice standards in biodiversity; 

• re-establish ‘keystone’ flora species for vegetation communities disturbed by SMC operations; 

• demonstrate ‘keystone’ flora species can be ‘self-sustaining’; and 

• propagate and/or successfully re-establish flora species affected by SMC’s mining and 
exploration operations, particularly Acacia woodmaniorum and other threatened and priority 
species as agreed between SMC and CMSR. These methods and procedures will include 
those able to be applied to undisturbed areas for purpose of increasing numbers of these 
species. 

The CMSR project commenced in May 2017 and is due to finish in April 2022. The results from this 
research program will aid in shaping future restoration of the Project and SMC’s other project areas. A 
copy of the 2019 SMC CMSR Theme Specific Annual Report is provided as Appendix E. 

2.2.7 Rehabilitation and Mine Closure Planning 
Both sites are in Care & Maintenance and will remain so until further mining has ceased at Blue Hills.  
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Progressive rehabilitation has been undertaken at the Koolanooka and Blue Hills sites, as detailed in 
the rehabilitation planning strategies, developed in 2010 and 2013 respectively. 

At Koolanooka, SMC has undertaken progressive rehabilitation of waste dumps, removed all 
redundant infrastructure and rehabilitated available infrastructure areas. A total area of approximately 
60 ha is currently under rehabilitation. 

Progressive rehabilitation of available areas at Blue Hills occurred in 2015. Approximately 9 ha of the 
Mungada East waste dump was rehabilitated and 6 ha of the Mungada West waste dump was 
rehabilitated. 

All outstanding areas required to be rehabilitated shall be rehabilitated progressively once they are no 
longer required for the completion of the Project. 

SMC produced a revised Mine Closure Plan (MCP) for the Koolanooka mine in December 2019 in line 
with the Guidelines for Preparing Mine Closure Plans (DMP/EPA, May 2015). The plan is currently 
under assessment by DMIRS. 

SMC also produced a revised MCP for Blue Hills consistent with the abovementioned guidelines in 
conjunction with the revised Mining Proposal to recommence operations at the Blue Hills Project. The 
MCP is currently under assessment by DMIRS. 

2.2.8 Fauna Management 
As the site is in care and maintenance during the reporting period, the only specific fauna 
management completed was with respect to feral fauna sightings, in particular goat populations.  

All sightings of feral animals are recorded. 

No direct or indirect impacts to priority or threatened fauna occurred during the reporting period.  

2.2.9 Dust Management 
As both projects remained in care and maintenance for the reporting period no depositional dust 
monitoring or management was undertaken.  

The Blue Hills Dust Management Plan (Version 4) was reviewed during the reporting period in 
anticipation of operations recommencing at the Blue Hills Project.  

To date there have been no incidents of dust beyond tenement boundaries or any significant issues. 

2.2.10 Groundwater Management and Monitoring 
As both projects remained in care and maintenance for the reporting period no groundwater extraction 
occurred and therefore no groundwater monitoring was undertaken. 
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3.0 IMPROVEMENTS AND BEST PRACTICE IN ENVIRONMENTAL 
MANAGEMENT 

3.1 Rehabilitation improvements 
Following a review of the rehabilitation monitoring completed to date, SMC undertook some minor 
rehabilitation and re-seeding works over the following areas at Koolanooka:  

• Domain 1: Infrastructure and ore stockpile areas (flat ground) being approximately 12ha in 
size.   

• Domain 3: Former waste dump footprint (flat ground) – consisting of approximately 5.2ha of 
flats and 4.2ha of lower slopes.  

Works included the re-ripping of the soil and placement of a seed mix consisting of species known to 
occur over the flats area in the Koolanooka region. Placement of brushing material obtained from 
surrounding Acacia species was placed over the site to provide biomass and additional seedbank.  

The rehabilitated areas will be assessed as part of the ongoing rehabilitation monitoring and 
compared to historical sampling to evaluate the effectiveness of the works.  

Examples of the works completed is provided in Plates 1 – 4 below.  

 

Plate 1. Rehabilitation at Domain 3 

 
 
 
 
 
 
 
 

Plate 2. Rehabilitation at Domain 3, looking 
towards the waste rock dump area 
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Plate 3. Ripping of Domain 1 with placement of 
brushing material 

 

Plate 4. Ripping of Domain 1  
 

 

3.2 SMC Land Rehabilitation Procedure 
A key strategy for SMC is to progressively rehabilitate disturbed areas as they become available and 
to complete final rehabilitation works upon closure. To aid in achieving this SMC have developed the 
SMC Land Rehabilitation Procedure during the reporting period which is attached as Appendix F). 
The SMC Land Rehabilitation Procedure has been prepared by incorporating learnings from 
progressive land rehabilitation to date and outlines the methodology to conduct land rehabilitation for 
cleared and disturbed land on SMC projects with the key steps in the rehabilitation process outlined 
as: 

• Planning; 

• Removal of Infrastructure and Waste; 

• Shaping of Landforms (to ≤17 degrees); 

• Topsoil preparation and application to all areas (≤100mm); 

• BIF waste rock preparation and application for armouring of landforms; 

• Ripping (General/Contour Ripping); 

• Landform perimeter and cross bunding; 

• Abandonment Bunds; 

• Final inspection; 

• Seeding and revegetation (timed for winter rains); and 

• Contingency and Remedial Actions. 
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3.3 Improvements to Environmental Management 
SMC has implemented a number of improvements and best practice initiatives in environmental 
management at Koolanooka and Blue Hills, consistent with the guiding principle of continuous 
improvement. All of these can and will be applied to other SMC projects and beyond where 
appropriate. SMC has developed and implemented an Environmental Management System (EMS), 
but this has not been certified to ISO 14001 due to the simple nature and short operational life of the 
mining operations to date. The EMS has and maintains a system of practices and procedures relating 
to: 

• the identification and assessment of the risk of environmental harm occurring as a result of 
the carrying out of mining operations; and  

• the implementation of reasonably practicable measures to avoid or minimise the risk of such 
environmental harm occurring or reduce such environmental harm if it occurs. 

Elements of the EMS development in line with ISO14001 has continued, for example:   

• Review of the Risk Assessment for the new Blue Hills operation, including environmental 
aspects;  

• Review of the operational Environmental Management Plan to reflect the new Blue Hills 
operation; 

• Review of environmental management procedures to reflect the new Blue Hills operation, 
including dust monitoring and management;  

• Review of the environmental component of the site inspection regime to reflect the new Blue 
Hills operation;  

• Incorporation of environmental incidents into the new SMC online incident reporting, tracking 
and close out system; and 

• Review/update of other documentation to reflect the new Blue Hills operation including the 
vegetation clearing approval form and fauna sighting and reporting forms. 

Internal auditing will be conducted to check compliance with legal instruments and identify 
opportunities for improvement in procedures and performance. 

SMC’s EMS structure will facilitate continual improvement in environmental performance and provides 
the mechanism for managing significant risks, achieving targets and complying with legal and other 
requirements. 

4.0 PUBLIC AVAILABILITY 
A copy of this report is made publicly available as per the OEPA’s Post Assessment Guideline for 
Making Information Publically Available, Post Assessment Guideline No. 4, August 2012. 
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APPENDIX A: ENVIRONMENTAL RISK MANAGEMENT REVIEW 
Ministerial Statement 811 - Condition 5-1 (1) 

 
  
Environmental 
Risk 

Reference 
Condition 
(Statement 

811) 

Potential Impact Performance Objective/Standard/Criteria Risk reduction/mitigation success Evidence/Monitoring Results 

Threatened and 
Priority Ecological 
Communities 

811:M6 Disturbance to, or loss of, the 
Threatened Ecological Community 
“Plant assemblages of the Koolanooka 
System” (TEC) and the Blue Hills 
vegetation complex Priority Ecological 
Community (PEC). 

Areas of work are delineated to minimise disturbance or 
loss of TEC/PEC vegetation communities. 

This risk is successfully mitigated through: 

- Induction awareness of the TEC/PEC as a “No Go Zone” 

- Internal vegetation clearing approval process completed 
prior to any clearing occurring  

- Survey control/mark up of all areas prior to any clearing 
and pickup after clearing 

- Project-specific Environmental Management Plan 

- Supervision of clearing activities 

Review of Vegetation Clearing 
Approval Forms. 

Review of Project-specific 
Environmental Management 
Plan. 

   Access to areas that support the TEC/PEC are restricted to 
authorised personnel only. 

This risk is mitigated through: 

- The Koolanooka TEC and Blue Hills PEC are fenced off 
with “No Entry Unless Authorised” signage.  

- Induction awareness of TEC/PEC as “No Go Zone” 

Sighting of signage. 

Review of Site induction.  

No instances of unauthorised 
access to TEC/PEC have 
occurred in the reporting period. 

  

 

Loss of or adverse impacts on native 
flora, including the TEC/PEC outside 
areas approved to be cleared of 
vegetation, or to act as a dust buffer 
zone. 

No adverse impacts on native flora, including the TEC/PEC 
outside areas approved to be cleared of vegetation, or to act 
as a dust buffer zone. 

This risk is successfully mitigated through: 

- Induction awareness of the TEC/PEC as a “No Go Zone” 

- Internal Vegetation Clearing Approval Process prior to 
any clearing occurring; 

- Survey control/mark up of all areas prior to any clearing 
and pickup after clearing; 

- Project-specific Environmental Management Plan 

- Vegetation monitoring program established at 
Koolanooka; and 

- Vegetation monitoring programs established at 
Koolanooka (March 2010) and Blue Hills (Sept 2012) by 
Maia Environmental Consultancy to monitor for any 
impacts to vegetation. Vegetation monitoring occurs 
annually.  

 

 

Vegetation Clearing Approval 
Forms. 

Vegetation monitoring reports 
for Koolanooka and Blue Hills 
indicate no adverse impact from 
mining operations. 

No adverse impacts on native 
flora and TEC/PEC have been 
observed. 

  

 

Impacts from dust, saline water 
application, fire and introduced fauna 
on the TEC/PEC. 

Monitor impacts from dust, saline water application, fire and 
introduced fauna on the TEC/PEC. 

This risk is successfully mitigated through: 

- Project-specific Dust Management Plan has been 
developed to reduce impacts from any dust generated on 

Review of Dust management 
plan. 

Review of Site induction. 
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Environmental 
Risk 

Reference 
Condition 
(Statement 

811) 

Potential Impact Performance Objective/Standard/Criteria Risk reduction/mitigation success Evidence/Monitoring Results 

site. This plan particularly focuses on the crushing plant, 
which is fitted with comprehensive mechanical dust 
control equipment (e.g. skirts, aprons, curtains, socks, 
mist sprays); 

- During operations, depositional dust monitoring programs 
were implemented at Blue Hills to monitor dust levels 
around site, including within the PEC;  

- The lighting of fires is prohibited on site, as is the burning 
of any vegetation material.; and 

- The reporting of any feral fauna sighted is included in 
induction material received by all personnel. If required, 
trapping and/or eradication will be implemented.  

No fires have occurred due to 
operations since Project 
inception.  

Feral fauna register. 

Declared Rare Flora 811:M7 

 

Dust impacts from truck loads of iron 
ore along Munckton Road on the 
Declared Rare Flora Tecticornia 
bulbosa. 

Cover all truck loads of ore product transported along 
Munckton Road.  

No haulage occurred during the reporting period  There has been no previous 
non-compliance recorded with 
this requirement. 

Mungada Haul 
Road 

811:M8 Impacts to flora of conservation 
significance, surface water drainage 
(particularly around Wheelhamby 
Lake), native fauna and visual amenity 
from construction of the Mungada Haul 
Road (including borrow pits) 

No impacts to flora of conservation significance, surface 
water drainage (particularly around Wheelhamby Lake), 
native fauna and visual amenity from construction of the 
Mungada Haul Road (including borrow pits). 

Construction of the Mungada Haul Road is connected with 
the Blue Hills component of the Project only. The 
construction of the haul road was undertaken by a third party 
for their use; therefore SMC did not construct the haul road 
and is only using a very small portion of it for haulage.  

N/A 

Optimising Design, 
Sighting and 
Footprints of Waste 
Dumps 

811:M9 Impacts to native vegetation of 
conservation significance from the 
design, sighting and footprint of waste 
dumps 

Optimise design, sighting and footprint of waste dumps to 
protect vegetation of conservation significance. 

- Exoro Mine Planning Services completed a project 
optimisation for the Koolanooka minesite in 
December 2009. This report includes optimisation of 
the design, sighting and footprint of waste dumps. 
The optimisation study was approved by OEPA and 
DMP in January 2010. 

- Optimisation study of the Mungada East and 
Mungada West (Blue Hills) pits was completed in 
June 2013 (before ground disturbing activities). The 
report was approved by the OEPA and DMP in 
August 2013. 

OEPA approval letters dated 
January 2010 and August 
2013.  

Conservation 
Significant Reptiles 

811:M10 Impacts to conservation significant 
reptile species. 

Carry out field surveys for conservation significant reptile 
species, especially the Western Spiny-tailed Skink, Egernia 
stokesii badia, and the Gilled Slender Blue-tongue, 
Cyclodomorphus branchialis at Koolanooka; Mungada 
West; and Mungada East and provide a report to the CEO. 

OEPA sign off on this condition for Koolanooka was received 
in January 2010.  

Surveys were carried out at Blue Hills in November 2009 and 
November 2010. No conservation significant reptile species 
were found. The OEPA approved the report in April 2011. 

OEPA email approval dated 
January 2010 and April 2011. 

Short Range 
Endemic 

811:M11 Impacts to short range endemic 
invertebrate fauna  

Carry out field surveys for short range endemic invertebrate 
fauna species Mundaga West and Mungada East and 

A field survey for short range endemic invertebrate fauna 
species was carried out at Mungada East & Mungada West 
in June 2010 by Ecologia and the final report for the survey 

OEPA approval letter. 
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Environmental 
Risk 

Reference 
Condition 
(Statement 

811) 

Potential Impact Performance Objective/Standard/Criteria Risk reduction/mitigation success Evidence/Monitoring Results 

Invertebrate Fauna provide a report to the CEO. was forwarded to the OEPA in December 2010. Further 
information was provided by SMC to the OEPA in December 
2011 and the condition was signed off by OEPA in January 
2012. 

Fauna Mortality 811:M12 Fauna deaths in areas as a result of 
implementation of the proposal  

Prepare and implement strategies to avoid fauna deaths 
and submit to CEO. 

 

This risk is successfully mitigated by the following measures: 

- Induction awareness of native fauna in the area and the 
need to protect, including malleefowl and the requirement 
to report all sightings/deaths; 

- Update of the project Environmental Management Plan 
(EMP) to include reduced speed limits around site, 
capping of any historical drill holes found on SMC leases, 
no interfering with native fauna etc; 

- A Malleefowl Management Plan has been developed for 
the project which is aimed at the protection of the species 
on project areas. The plan includes a sighting form for 
recording of any malleefowl found – to date there have 
been no sightings at Koolanooka and 4 sightings at Blue 
Hills – no deaths have been recorded on SMC leases 
during the project; and 

- A Protected Fauna Mortality Register has been 
developed for recording of any deaths of protected fauna.  

Relevant documents previously 
forwarded to OEPA. 

Review of Project-specific 
Environmental Management 
Plan. 

Review of the Malleefowl 
Management Plan. 

   Record the death of any fauna listed as specially protected 
under the Wildlife Conservation Act 1950 (WA) or listed as 
threatened under the Environment Protection and 
Biodiversity Conservation Act 1999 or listed as Priority 
Fauna by the DEC including the location of death and 
species of fauna. 

 

 

A protected Fauna Register has been developed for 
recording of any deaths of protected fauna.  

Fauna register. 

No death of protected fauna 
has occurred to date. 

Rehabilitation and 
Mine Closure  

811:M13 Long-term Impacts from sub-standard 
rehabilitation practices during 
operation and post closure 

Within 6 months of the start of implementation of the 
proposal at Koolanooka, Mungada West and Mungada 
East, provide a detailed rehabilitation planning strategy to 
ensure that the characteristics of the constructed waste 
dumps optimise rehabilitation outcomes. Consistent with 
Environmental Protection Authority Guidance 6 
“Rehabilitation of Terrestrial Ecosystems” the strategy 
should consider:  

1. soil chemistry and physical properties;  

2. landform;  

3. hydrology; and  

SMC submitted a rehabilitation planning strategy for 
Koolanooka to the OEPA and DMP in September 2010 
(within 6 months of commencement of operations) containing 
relevant information to address the stated criteria. The DMP 
advised their satisfaction with the strategy in October 2010. 
The OEPA, after consultation with DEC, approved the 
document in December 2012.  

SMC submitted a rehabilitation planning strategy for 
Mungada West and Mungada East to the OEPA and DMP in 
December 2013 (within 6 months of commencement of 
operations) containing relevant information to address the 
stated criteria. The OEPA approved the document in 23 

OPEA verification inspection 
report – 25 March 2015. 
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Environmental 
Risk 

Reference 
Condition 
(Statement 

811) 

Potential Impact Performance Objective/Standard/Criteria Risk reduction/mitigation success Evidence/Monitoring Results 

4. appropriate plant species, specific to the site, to the 
satisfaction of the CEO and DMP. 

March 2015. 

   Progressively rehabilitate all areas disturbed in the 
implementation of the proposal, with the exception of the 
mine pits, in accordance with the following:  

1. Re-establishment of vegetation such that the following 
criteria are met within five years following the cessation of 
productive mining:  

a) flora and vegetation are re-established with not less 
than 70 percent composition (not including weed species) 
of the known original species diversity*; and b) weed 
coverage no more than that in undisturbed bushland in 
the area or less than 10%, whichever is the lesser.  

2. A schedule of the rate of rehabilitation acceptable to the 
CEO and DMP. 

Progressive rehabilitation is one of SMC’s adopted minimum 
standards for rehabilitation, as detailed in the rehabilitation 
planning strategies for Koolanooka and Blue Hills.  

The rehabilitation planning strategy’s for both projects include 
a schedule of the rate of rehabilitation.  

SMC has progressively rehabilitated all waste dumps at 
Koolanooka, removed all redundant infrastructure and 
rehabilitated available infrastructure areas to date, a total of 
60 ha.  

In 2015, approximately 9 ha of the Mungada East waste 
dump was rehabilitated and 6 ha of the Mungada West waste 
dump was rehabilitated. 

Annual rehabilitation monitoring programs for Blue Hills and 
Koolanooka have been undertaken. 

Rehabilitation planning 
strategy’s for Blue Hills and 
Koolanooka sites. 

Rehabilitation monitoring 
reports for Blue Hills and 
Koolanooka (see Appendix B 
and C). 

   At least six months prior to the anticipated date of closure, 
provide a final closure plan. 

This condition is not applicable at this stage of the project. 

SMC maintains current Mine Closure plans for both project 
areas. 

N/A  

 

Implementation 
Strategy 

811:M14 Potential impacts from inappropriate 
and disputed environmental 
management measures prior to 
starting construction. 

Prior to ground disturbing activities, prepare a staged 
implementation strategy setting out management and 
monitoring strategies and objectives for meeting the 
requirements of conditions within Statement 811 for each 
mine site location (Koolanooka, Mungada West, Mungada 
East) to the satisfaction of the CEO. 

An implementation strategy for Koolanooka was submitted to 
OEPA and DEC in December 2009 (prior to ground 
disturbance) addressing the stated criteria. The document 
was approved in January 2010.  

An implementation strategy was submitted for Mungada 
West and Mungada East in October 2012 (prior to ground 
disturbance). SMC is awaiting a response. 

OPEA verification inspection 
report – 25 March 2015. 

Implementation strategy for 
Koolanooka was submitted and 
approved by the OEPA in 
January 2010. 

Implementation strategy for 
Blue Hills was submitted and 
approved by the OEPA in April 
2014. 
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Appendix B: Blue Hills Rehabilitation and Erosion Monitoring 
Program, Spring 2018 Assessment 
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This document presents the 2018 results of a rehabilitation monitoring program established in September 2015 on 
areas rehabilitated at Sinosteel Midwest Corporation Limited’s (SMC) tenements M59/595 and M59/596 at Blue 
Hills.  Two rehabilitation monitoring sites were established and assessed in September 2015 and both sites were 
reassessed in September 2018, approximately three years after seeding. 
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Acronyms and Abbreviations 

Arr Tall Shrubland of Acacia ramulosa var. ramulosa with a Sparse Low Shrubland of Philotheca 

sericea and Open Forbland of Asteraceae species 

ATA Alan Tingay and Associates 

Bennett Bennett Environmental Consulting 

BGPA Botanic Gardens and Parks Authority 

BH12AR1 Blue Hills analogue site in WEC/Bennett community 12/Arr, replicate 1 

BH12AR2 Blue Hills analogue site in WEC/Bennett community 12/Arr, replicate 2 

BHD2E1 Blue Hills Domain 2 erosion monitoring site 

BHD4E1 Blue Hills Domain 4 erosion monitoring site 

BHD2R1 Blue Hills Domain 2 rehabilitation monitoring site, replicate 1 

BHD4R1 Blue Hills Domain 4 rehabilitation monitoring site, replicate 1 

BIF Banded iron formation 

BioCondition An assessment framework for ecosystem function 

BoM Bureau of Meteorology 

BOO Best on offer 

cm Centimetre 

CSF Conservation significant flora species 

CWD Coarse woody debris 

DBCA Department of Biodiversity, Conservation and Attractions, Western Australia 

DBH Diameter at breast height 

DEC Former Department of Environment and Conservation, Western Australia 

Dom. Dominant 

DPaW Former Department of Parks and Wildlife, Western Australia 

EDL Ecologically dominant layer 

EPA Environmental Protection Authority, Western Australia 

FCT Floristic community type 

GDA94 Geocentric Datum of Australia 1994 

GPS Global Positioning System 

ha Hectare 

ID Identifier 

kg Kilogram 

km Kilometre 

m Metre 

m E Easting 

m N Northing 

Maia Maia Environmental Consultancy Pty Ltd 

ME Mungada East 

MGA50 Map Grid of Australia, zone 50 
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ms Manuscript name 

MS Ministerial Statement 

MW Mungada West 

No. Number 

P Present 

P1 and P3 Priority 1 and Priority 3 flora species 

PEC Priority Ecological Community 

RD Seed supplied by Red Dirt 
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Summary 

The Rehabilitation Monitoring Plan was developed to address selected clauses in condition 13 (Rehabilitation and 

Mine Closure) of MS 811 issued under the Environmental Protection Act 1986 (WA) for the project, and relevant 

sections of the Mine Closure Plan developed for Blue Hills (Ecologia Environment, 2013).  It was designed to 

answer seven main questions.  These seven questions are listed in dot points below and each is discussed with 

respect to the spring 2018 results for this monitoring program. 

• Does the re-established vegetation have not less than 70% (not including weed species) of the known original 

species diversity? (to be met within five years following the cessation of productive mining). 

o The Blue Hills rehabilitation monitoring sites were established in 2015 and the vegetation in the 

rehabilitated areas is now approximately three years old. 

o The Botanic Gardens and Parks Authority (BGPA) collated species lists for the known original diversity 

for the waste dumps at Mungada East and Mungada West.  The re-established vegetation in the 

plots assessed has 11.9% of the known original species diversity for Mungada East and 12.9% of that 

for Mungada West.  BGPA also indicated what the 70% restoration targets should be at each area 

and the plots assessed in areas rehabilitated at Mungada East and Mungada West had 16.9% and 

18.6% respectively of this 70% restoration target.  Since 2015 this similarity to the 70% restoration 

target has increased from 1.7% to 16.9% at Mungada East and from 3.4% to 18.6% at Mungada West. 

o Targets relating to the percentage of the very common, common and uncommon taxa in the species 

lists for Mungada East and Mungada West were also recommended by BGPA.  At Mungada East 

42.9% of the 7 species target for very common species was achieved in 2018, 29.2% of the 24 species 

target for common species and 10.7% of the 28 species target for uncommon species.  At Mungada 

West 50.0% of the 6 species target for very common species was achieved in 2018, 15.6% of the 32 

species target for common species and 9.5% of the 21 species target for uncommon species.  These 

percentages have increased since 2015 when the results for the common taxa were 4.2% and 6.3% at 

Mungada East and Mungada West respectively and none of the very common or uncommon taxa 

were recorded.  These targets have not yet been met; however, it has been only three years since 

seeding. 

• Is weed cover at rehabilitated areas no more than that in undisturbed bushland in the area or less than 10%, 

whichever is the lesser? (to be met within five years following the cessation of productive mining) 

o Total weed cover for the rehabilitation sites in 2018 was 0.047%.  This has increased from the 0% and 

0.0007% cover recorded in 2015 and 2017 respectively; however, it is still very low and below the 

total cover for the analogue sites (0.085%). 

• Are the measures carried out to ensure that the final pit voids do not cause significant environmental impacts 

working effectively (re feral animals and significant flora populations in the area)? 

o No goats were observed by Maia in 2018 and none have been seen by Maia at Blue Hills since 

September 2013.  No other feral animals have been observed at Blue Hills by Maia. 

o In 2012 16 vegetation monitoring sites were established in the vegetation of the PEC around 

Mungada West and East.  Six CSF (Acacia woodmaniorum (Threatened (T)), Lepidosperma sp. Blue 

Hills (A. Markey & S. Dillon 3468) (Priority (P) 1), Calotis sp. Perrinvale Station (R. J Cranfield 7096), 

Drummondita fulva, Micromyrtus acuta, Micromyrtus trudgenii and Rhodanthe collina (all P3)) were 

recorded at these vegetation monitoring sites between 2012 and 2015 (the last time the vegetation 

monitoring plots were assessed).  In August 2018 sites for a new vegetation and conservation 

significant flora monitoring program were established for the Mungada East Extension project area 

and baseline data collected.  For this program Acacia woodmaniorum, Lepidosperma sp. Blue Hills (A. 

Markey and S. Dillon 3468), Drummondita fulva and Micromyrtus trudgenii were required to be 
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monitored.  Nine of the original 16 vegetation monitoring sites were incorporated into the new 

monitoring program (B01, B06, B07, B09, B11, B13, B14, B15 and B16) along with five new sites (sites 

B17 to B21).  In August of 2018, vegetation condition at the original nine sites and five new sites was 

excellent and there was no evidence of dust, grazing or fire at any of the sites.  At the nine sites 

originally established in 2012 Acacia woodmaniorum numbers decreased by one plant between 2012 

and 2018 (eight to seven plants), the number of Lepidosperma sp. Blue Hills (A. Markey & S. Dillon 

3468) increased from 70 to 142 plants, the number of Drummondita fulva increased from 17 to 21 

plants and the number of Micromyrtus trudgenii from 70 to 80 plants. 

o The final pit voids do not appear to be causing any environmental impacts re feral animals and CSF 

populations at vegetation monitoring plots on SMC’s Mungada East and Mungada West tenements. 

• Is the rehabilitation performing as required? 

o The BioCondition assessment provides an indication of whether the rehabilitation is performing as 

required and the re-vegetation becoming similar to like vegetation in the surrounding area.  

BioCondition scores indicate the condition of an assessment area when benchmarked against (i.e. 

relative to) a reference/analogue community for the vegetation unit being assessed.  In 2018, the 

BioCondition score for the area rehabilitated as Domain 2 was 0.36 out of a maximum possible score 

of 1 (decreasing from 0.45 in 2017), and for the area rehabilitated as Domain 4 the score was 0.35 

(decreasing from 0.46 2017).  The decreases between 2017 and 2018 are a result of changes in shrub 

layer cover, native plant species richness and non-native plant cover. 

o Small erosion gullies and many rills were observed and photographed at Mungada East and Mungada 

West in 2018.  These have the potential to develop further and maintenance actions might be 

required in the future to help the rehabilitation to succeed. 

• Does the rehabilitation meet completion criteria? 

o Approximately three years after sowing the rehabilitation does not meet the completion criterion 

relating to species diversity and while the weed cover is less than that of undisturbed bushland 

(0.05% cover at rehabilitated areas compared with 0.09% in undisturbed bushland) it is more than 

10% of the 0.09% in undisturbed bushland. 

• Is it likely that the rehabilitation area will develop adequately if allowed to continue, or is intervention 

required? 

o Based on the change in vegetation that has occurred over the past three years it is likely that similar 

positive changes will occur over the next three years.  Further investigation of the species diversity 

desired, the species originally sown and those recorded on the rehabilitated areas will probably 

indicate whether reseeding of certain species will be required to achieve current species diversity 

completion criteria. 

• Does the data collected at analogue sites indicate some revision of closure targets is required? 

o Data collected at the two analogue sites (an area totalling 1 ha) produced a collated list of 45 species 

(excluding weed species).  The species lists generated by BGPA for Mungada East and Mungada West 

comprised 84 and 85 species respectively and a collated list of 113 species.  Diversity in the two 

analogue plots assessed in the floristic community type recommended by BGPA was much lower 

than that in the original diversity species list generated by BGPA.  A revision of the species diversity 

closure target could be warranted based on this data. 

o Weed cover at the analogue plots was 0.09%.  This is a very low target for weed cover and it could 

probably be revised i.e. increased. 
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Sinosteel Midwest Corporation Limited: Blue Hills Rehabilitation and 
Erosion Monitoring Program, Spring 2015 

1 INTRODUCTION 

1.1  PROJECT APPROVALS  

Sinosteel Midwest Corporation Limited (SMC) was granted approval to mine hematite ore at Koolanooka and at 

Mungada West and Mungada East (part of the Blue Hills Range).  SMC’s project approvals documentation included 

mines and associated infrastructure at Koolanooka Hills and at Mungada West and Mungada East and 

reinstatement of the Mungada Haul Road at Blue Hills (Environmental Protection Authority; EPA, 2009). 

1.2  REHABILITATION MONITORING PLAN  

A rehabilitation monitoring plan (RMP) was prepared for areas to be rehabilitated within SMC’s mining tenements 

M59/596 and M59/596 at Blue Hills (Maia, 2015).  The RMP describes the way in which vegetation and erosion 

monitoring is to be carried out in areas rehabilitated at Blue Hills in order to comply with ministerial conditions 

associated with the project and to also fulfil project completion requirements. 

The RMP describes methods to be used to monitor the vegetation and selected physical characteristics at selected 

areas rehabilitated at Blue Hills and at selected reference/analogue plots in the surrounding vegetation.  It also 

describes methods to be used to monitor erosion on steep areas rehabilitated at Blue Hills. 

1.3  SCOPE OF WORKS 

Mining has ceased on tenements M59/595 and M59/596 and a section of the waste stockpile at Mungada West 

and East was rehabilitated in winter 2015.  Maia Environmental Consultancy Pty Ltd (Maia) established two 

rehabilitation monitoring sites and two erosion monitoring sites at Blue Hills in spring 2015 as per the RMP.  Maia 

was asked to assess the two Blue Hills rehabilitation monitoring sites in September 2018.  Maia was to: 

• Follow the methods in the RMP to assess rehabilitation monitoring sites established in spring 2015 

(excluding the erosion monitoring sites); and, 

• Prepare a report on the results of the spring 2018 rehabilitation monitoring site assessment. 

1.4  PROJECT AREA LOCATION  

Blue Hills is located approximately 60 kilometres (km) north-east of Perenjori in the Shire of Perenjori, Western 

Australia (WA).  The hills lie in the Tallering subregion of the Yalgoo bioregion.  SMC’s mine is located within 

tenements M59/595 and M59/596 at Blue Hills and the general location of the tenements is shown on Map 8.1, 

Section 8. 
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1.5  PROJECT TEAM 

The survey and reporting tasks carried out for this project were undertaken by the ecologists listed in Table 1.1. 

Table 1.1: Project team 

Project team 

Name Qualification Project role DPaW flora license # (expiry date) 

Christina Cox PhD Report SL012373 (April 2019) 

Scott Hitchcock BSc Field survey  SL012372 (April 2019) 

Michael Pezzaniti MSc Field survey and report SL012332 (March 2019) 

Rochelle Haycock BSc Report Not applicable 

Conrad Slee BSc Plant identifications Not applicable 

2 BACKGROUND INFORMATION 

2.1  PRIORITY ECOLOGICAL COMMUNITY  

Some of SMC’s Blue Hills mining tenements (M59/595 and M59/596) fall within the boundaries of the Priority 1 

Blue Hills (Mount Karara/Mungada Ridge/Blue Hills) vegetation complexes (banded ironstone formation) Priority 

Ecological Community (PEC) (Map 8.2, Section 8). 

2.2  VEGETATION OF M59/595  AND M59/596 

Bennett Environmental Consulting (Bennett) (2004) carried out a flora and vegetation survey over tenements 

M59/595 and M59/596 for Alan Tingay and Associates (ATA) in October 2003.  Bennett assessed 29 quadrats and 

13 relevés and mapped 14 vegetation associations plus degraded areas in the tenements (Table 2.1). 

Table 2.1: M59/595 and M59/596 vegetation mapped by Bennett (2004) 

Vegetation code Habitat Vegetation association (NVIS Level 5) 

AaPo Hills and 

slopes 

Open Tall Shrubland of mixed species typically Acacia assimilis var. assimilis and 

Melaleuca nematophylla with a Low Open Shrubland to Open Heathland of Ptilotus 

obovatus var. obovatus and an Open Forbland. 

Aan Hills and 

slopes 

Sparse Tall Shrubland of Acacia aneura with a Sparse Low Shrubland of Philotheca 

sericea. 

ApCp Hills and 

slopes 

Sparse Tall Shrubland of Allocasuarina acutivalvis subsp. prinsepiana, Calycopeplus 

pauciflorus, Melaleuca nematophylla and Acacia species. 

Arr Hills and 

slopes 

Tall Shrubland of Acacia ramulosa var. ramulosa with a Sparse Low Shrubland of 

Philotheca sericea and Open Forbland of Asteraceae species. 

Deg Degraded Degraded areas, mined previously. 

EL Calcrete Open Low Woodland to Low Woodland of Eucalyptus loxophleba subsp. loxophleba 

with a Low Shrubland of Logania sp.. 

Ek Sandy flats Open Mallee Forest of Eucalyptus kochii subsp. plenissima and Eucalyptus 

ewartiana with a Tall Shrubland of Acacia ramulosa var. ramulosa and Sparse 

Forbland of Asteraceae species. 

El Hills and Low Woodland to Low Open Forest of Eucalyptus loxophleba subsp. loxophleba 
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Vegetation code Habitat Vegetation association (NVIS Level 5) 

slopes with a Chenopod Shrubland of Chenopodiaceae species. 

Ele Hills and 

slopes 

Mallee Woodland of of Eucalyptus leptopoda with a Sparse Tall Shrubland of 

Acacia ramulosa var. ramulosa +/- Acacia aneura and Open Forbland of mixed 

species. 

Ew Hills and 

slopes 

Mallee Woodland of Eucalyptus ewartiana with a Sparse Tall Shrubland of Acacia 

ramulosa var. ramulosa and Open Forbland of Asteraceae species. 

Ma Calcrete Sparse Tall Shrubland to Tall Shrubland of Melaleuca acutifolia with an Open 

Forbland of Asteraceae species. 

MaEL Calcrete Tall Shrubland of Melaleuca acutifolia with Scattered Low Trees of Eucalyptus 

loxophleba subsp. loxophleba and Open Forbland of mixed species. 

MnEw Hills and 

slopes 

Tall Shrubland of Melaleuca nematophylla and Acacia ramulosa var. ramulosa with 

an Open Low Shrubland of Philotheca sericea, Open Forbland of Asteraceae species 

and Scattered Low Mallee Trees of Eucalyptus ewartiana. 

Mu Hills and 

slopes 

Tall Shrubland of Acacia ramulosa, Acacia burkitti, Melaleuca leiocarpa and 

Melaleuca uncinata with an Open Forbland of Asteraceae species. 

Tr Hills and 

slopes 

Closed Low Shrubland of Aluta aspera subsp. hesperia with Scattered Shrubs of 

Acacia species and Scattered Forbs of mixed species. 

Note: Bennett’s vegetation descriptions have been updated using the NVIS methodology at the Association Level (Level 5); at this 

level up to three strata and a maximum of three taxa per stratum are used to describe the association (ESCAVI, 2003).  Names have 

been updated as necessary by checking for currency on FloraBase (WAH, 1998-).  Bennett’s Melaleuca affin. acuminata subsp. 

websteri has been changed to Melaleuca acutifolia and Thryptomene ramulosa to Aluta aspera subsp. hesperia. 

Woodman Environmental Consulting (WEC) mapped the vegetation on tenements M59/595 and M59/596 as part 

of a regional mapping project carried out for Karara Mining Limited (WEC, 2008 and 2012).  In 2008 WEC mapped 

14 floristic community types (FCTs) plus three FCT mosaics on SMC’s tenements.  These FCTs are described in 

Table 2.2. 

Table 2.2: M59/595 and M59/596 floristic community types mapped by WEC (2008) 

FCT FCT description Total / mean species 

richness 

1a (also 

mapped as 

1a/2 mosaic) 

Open woodland of Eucalyptus loxophleba subsp. supralaevis with Open 

Shrubland dominated by Acacia tetragonophylla and A. obtecta over 

chenopod species including Sclerolaena fusiformis, S. diacantha and 

Rhagodia drummondii on flats and drainage depressions. 

137/17.7 including 3 

weed species 

1b Shrubland dominated by Acacia species including Acacia burkittii, A. 

tetragonophylla and A. inceana subsp. inceana over mixed species 

including Eremophila pantonii, Solanum nummularium and Rhagodia 

drummondii on flats with occasional ironstone/granite gravels. 

135/21.2 including 1 

weed species  

2 (also 

mapped as 

1a/2 mosaic) 

Open Woodland of Eucalyptus loxophleba subsp. supralaevis and/or E. 

striaticalyx over Shrubland of mixed species including Acacia erinacea, 

Eremophila pantonii and Senna stowardii over mixed species including 

Sclerolaena fusiformis and Scaevola spinescens on flats and rocky 

lowerslopes with ironstone gravels. 

167/35.2 including 9 

weed species 
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FCT FCT description Total / mean species 

richness 

3 Open Woodland of Eucalyptus kochii subsp. ?plenissima or Shrubland of 

Acacia tetragonophylla, A. burkittii and A. assimilis subsp. assimilis over 

mixed species including Rhagodia drummondii, Scaevola spinescens, 

Philotheca brucei subsp. brucei and Eremophila clarkei on flats to 

midslopes with ironstone gravels and rarely banded iron formation (BIF). 

207/30.6 including 3 

weed species 

4 (mapped 

only as 4/17 

mosaic) 

Shrubland dominated by Acacia ramulosa var. ramulosa over sparse 

mixed species on flats and slopes. 

100/23 including 6 

weed species 

7b Woodland of Eucalyptus loxophleba subsp. supralaevis over Duma 

florulenta, Teucrium racemosum and Sclerolaena fusiformis on open 

drainage depression. 

37/10.5 including 5 

weed species 

7c Open Woodland of Eucalyptus loxophleba subsp. supralaevis or 

Eucalyptus striaticalyx or Shrubland of Melaleuca acutifolia over 

chenopod species including Sclerolaena diacantha, Maireana carnosa and 

M. thesioides on drainage depressions and lowerslopes. 

27/7.7 including 1 

weed species 

8 Shrubland of mixed Acacia species, including A. assimilis subsp. assimilis, 

A. ramulosa var. ramulosa and A. burkittii, and Melaleuca nematophylla 

and Calycopeplus paucifolius with occasional Allocasuarina acutivalvis 

subsp. prinsepiana and Callitris columellaris, over mixed species including 

Eremophila latrobei subsp. latrobei, E. clarkei, Philotheca sericea, 

Prostanthera magnifica and Aluta aspera subsp. hesperia on upperslopes 

and crests with BIF outcropping. 

88/20.4 including 1 

weed species 

9 (mapped 

only as 11/9 

mosaic) 

Shrubland of mixed Acacia species, including Acacia umbraculiformis, A. 

tetragonophylla and A. assimilis subsp. assimilis, and occasional 

Allocasuarina acutivalvis subsp. prinsepiana over mixed species including 

Eremophila clarkei, E. latrobei subsp. latrobei, Philotheca brucei subsp. 

brucei, P. sericea, Xanthosia kochii and Mirbelia sp. Bursarioides (T.R. Lally 

760) on midslopes to crests with BIF or cherty soils. 

163/36.9 including 3 

weed species 

10a Dense Shrubland of mixed Acacia species including A. tetragonophylla 

and A. exocarpoides, and Allocasuarina acutivalvis subsp. prinsepiana 

with occasional Eucalyptus petraea over mixed species including 

Calycopeplus paucifolius, Dodonaea inaequifolia, Philotheca sericea and 

occasional Acacia woodmaniorum on upperslopes to crests on BIF. 

109/41.2 including 13 

weed species 

11 (also 

mapped as 

11/9 mosaic) 

Shrubland of Acacia species dominated by Acacia umbraculiformis over 

mixed species including Aluta aspera subsp. hesperia, Mirbelia sp. 

Bursarioides (T.R. Lally 760), Philotheca sericea and Micromyrtus 

trudgenii on lowerslopes to upperslopes with ironstone gravels and 

occasional BIF. 

102/18.6 including 2 

weed species 

12 Shrubland of Acacia species including A. assimilis subsp. assimilis, A. 

ramulosa var. ramulosa, A. exocarpoides and A. sibina over mixed species 

including Hibbertia arcuata, Calycopeplus paucifolius and Grevillea 

obliquistigma on flats to mid-upperslopes with ironstone gravels. 

117/16.9 including 2 

weed species 
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FCT FCT description Total / mean species 

richness 

13 Dense Shrubland of Allocasuarina acutivalvis subsp. prinsepiana with 

Melaleuca nematophylla over Grevillea paradoxa, Xanthosia kochii and 

Lepidosperma sp. Blue Hills (A. Markey & S. Dillon 3468) on mid-

upperslopes on BIF. 

184/47.6 including 9 

weed species 

14 Shrubland of Acacia species including A. assimilis subsp. assimilis and A. 

ramulosa var. ramulosa and Allocasuarina acutivalvis subsp. prinsepiana 

with emergent Eucalyptus leptopoda subsp. elevata over mixed species 

including Aluta aspera subsp. hesperia, Prostanthera magnifica and 

Grevillea obliquistigma subsp. obliquistigma on slopes and ridges. 

154/48.4 including 3 

weed species 

15 Shrubland of mixed Acacia species including A. burkittii, A. assimilis 

subsp. assimilis, A. latior and Acacia sibina with Melaleuca hamata over 

Eremophila spp., Malleostemon tuberculatus and Philotheca deserti 

subsp. deserti on flats and lowerslopes. 

114/16.3 including 1 

weed species 

16 Shrubland of Acacia species dominated by A. latior and Melaleuca 

leiocarpa with emergent Eucalyptus leptopoda subsp. arctata over mixed 

species including Prostanthera prostantheroides, Enekbatus stowardii, 

Aluta aspera subsp. hesperia and Hibbertia stenophylla on flats to 

midslopes. 

113/13.6 including 1 

weed species 

17 (mapped 

only as 4/17 

mosaic) 

Shrubland of Acacia species dominated by A. sibina and A. latior with 

Melaleuca hamata and/or Melaleuca leiocarpa with emergent Eucalyptus 

ewartiana on flats. 

53/10.7 including 1 

weed species 

 

Since WEC mapped the vegetation in 2008, several taxonomic name changes have taken place (Western 

Australian Herbarium; WAH, 1998-) and the name changes are listed in Table 2.3. 

The current names have been substituted as necessary in the FCT descriptions in Table 2.2. 

Table 2.3: Taxonomic changes since 2008 (WAH, 1998-) 

Previous name Current name 

Acacia coolgardiensis subsp. latior Acacia latior 

Acacia ramulosa subsp. ramulosa Acacia ramulosa var. ramulosa 

Acacia umbraculiformis ms Acacia umbraculiformis 

Enekbatus stowardii ms Enekbatus stowardii  

Eremophila latrobei subsp. latrobei ms Eremophila latrobei subsp. latrobei 

Eucalyptus leptopoda var. arctata Eucalyptus leptopoda subsp. arctata 

Eucalyptus striaticalyx subsp. striaticalyx Eucalyptus striaticalyx 

Melaleuca lateriflora subsp. acutifolia Melaleuca acutifolia 

Mirbelia bursarioides Mirbelia sp. Bursarioides (T.R. Lally 760) 

Muehlenbeckia florulenta Duma florulenta 

Xanthosia bungei Xanthosia kochii 

Note: ms = manuscript name. 
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In 2012 WEC mapped the vegetation over a larger area than in 2008.  This larger area covered approximately 

60 km x 40 km and encompassed M59/595 and M59/596.  Thirty-eight FCTs along with cleared areas were 

mapped in this regional area and 12 of the 38 FCTs were mapped in SMC’s Blue Hills mine tenements.  

Descriptions for these FCTs are not included in this report because WEC’s 2012 data was not used by the Botanic 

Gardens and Parks Authority (BGPA) to derive a likely rehabilitation target species list for SMC’s Blue Hills mine 

footprint. 

The former Department of Environment and Conservation/Department of Parks and Wildlife (DEC/DPaW) and 

current Department of Biodiversity Conservation and Attractions (DBCA), carried out a survey over the central 

Tallering System (Markey and Dillon, 2008).  One hundred and three, 20 metre (m) x 20 m quadrats were assessed 

over the study area, and the vegetation at the three quadrats assessed on tenements M59/595 and M59/596 

(Windaning Hill (WIND) 01, 02 and 20) is described in Table 2.4.  The vegetation communities of the central 

Tallering System were not mapped by Markey and Dillon. 

Table 2.4: Vegetation on M59/595 and M59/596 (Markey and Dillon, 2008) 

Vegetation description  Site description Number of species Quadrat 
number 

Isolated emergent Acacia aneura over shrubland of 
Acacia ramulosa var. ramulosa, Acacia aneura, 
Melaleuca nematophylla and Grevillea 
obliquistigma subsp. obliquistigma over shrubland 
of Aluta aspera subsp. hesperia, Philotheca sericea, 
Hemigenia benthamii, Eremophila latrobei subsp. 
latrobei and Eremophila clarkei over forbland of 
Waitzia acuminata var. acuminata, Goodenia 
occidentalis, Podolepis canescens and Lawrencella 
rosea. 

North north-east facing 
moderately inclined 
hillcrest and upper 
hillslope of banded 
ironstone and laterised 
banded ironstone. Very 
slightly rocky banded 
ironstone and laterised 
banded ironstone outcrop 
with red soils. 

41 WIND01 

Shrubland of Dodonaea viscosa subsp. mucronata, 
Acacia minyura, Melaleuca nematophylla and 
Calycopeplus paucifolius over open shrubland of 
Philotheca brucei subsp. brucei, Ptilotus obovatus 
var. obovatus, Acacia woodmaniorum over 
forbland of Rhodanthe battii, Rhodanthe collina 
and Cheilanthes adiantoides. 

West facing steep mid to 
upper hillslope of banded 
ironstone and laterite. 
Slightly rocky banded 
ironstone and laterite 
outcrop with red soils. 

60 WIND02 

Open shrubland of Acacia sibina, Acacia aneura 

and Acacia ramulosa var. ramulosa over sparse 

shrubland of Philotheca sericea and Eremophila 

latrobei subsp. latrobei over open forbland of 

Waitzia acuminata var. acuminata, Lawrencella 

rosea and Trachymene ornata. 

West facing moderately 
inclined lower hillslope of 
banded ironstone and 
laterised banded 
ironstone with red brown 
soils. 

49 WIND20 

 

Markey and Dillon (2008) carried out pattern analysis on the data collected at the floristic quadrats assessed in the 

central Tallering System and differentiated eight FCTs (five main types and two with subtypes); the three sites 

assessed on tenements M59/595 and M59/596 fell into two of these – FCT 1b and FCT 2.  These FCTs are 

described in Table 2.5. 
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Table 2.5: Markey and Dillon (2008) FCTs and sites on SMC’s Blue Hills tenements 

FCT FCT Description Site Number Mean species 
richness 

1b Speciose shrublands on the shallow, loamy soils of 
hillslopes and isolated ridges of the survey area.  Acacia 
(A. sibina, A. ramulosa var. ramulosa) and Allocasuarina 
dominated shrublands and thickets over a rich shrub 
understorey, and often with emergent trees of 
Eucalyptus and Melaleuca leiocarpa. 

WIND01 and 
WIND20 

49.4 

2 Tall shrublands of Allocasuarina acutivalvis, Melaleuca 

nematophylla, Grevillea paradoxa and Gastrolobium 

laytonii and the low shrubs Aluta aspera subsp. hesperia 

and Xanthosia kochii. 

WIND02 50.9 

2.3  MINE CLOSURE PLAN ,  DOMAINS AND VEGETATION COMMUNITIES FOR WASTE ROCK 

DUMPS 

Ecologia Environment (2013) prepared a Mine Closure Plan for SMC’s Blue Hills project area and indicated that the 

area should be divided into nine different rehabilitation domains. 

BGPA carried out a plant community analysis to derive plant community targets for Blue Hills (BGPA, 2015).  BGPA 

indicated that FCT 12 (WEC, 2008) or Arr (Bennett, 2004) were likely to be suitable for restoration of waste rock 

dumps as they are found on flats to mid-upper slopes of banded ironstone formation (BIF) ranges with ironstone 

gravel soils.  Also, FCT 12 or Arr are the largest community types impacted by mining on the tenements and will 

also provide the main source of topsoil and hence contain the soil seed bank of the species to be restored (BGPA, 

2015).  Community targets for other areas were to be defined by future work to be carried out by BGPA. 

WEC 2008 FCTs mapped in SMC’s tenements are shown on Map 8.3, Section 8 and Bennett’s Arr vegetation unit is 

mapped over WEC’s FCTs. 

The domains proposed in the Mine Closure Plan (Ecologia, 2013) are shown on Map 8.4, Section 8 along with WEC 

FCTs. 

3 AREAS REHABILITATED AND MONITORING SITES, SEED MIX AND RAINFALL 

3.1  AREAS REHABILITATED  

The areas rehabilitated in 2015 are listed in Table 3.1 (information supplied by SMC) and shown on Map 8.5, 

Section 8. 

Based on the area of land rehabilitated in 2015, two rehabilitation monitoring sites and two erosion monitoring 

sites were established in September 2015. 
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Table 3.1: Areas rehabilitated and seeded 

Domain Description Date rehabilitated Date seeded Area (ha) 

1 East Pit    

2 East Waste Stockpile Sept 2014-April 2015 May-June 2015 8.6 

3 West Pit    

4 West Waste Stockpile Sept 2014-April 2015 May-June 2015 5.6 

5 Topsoil Stockpile A    

6 Topsoil Stockpile B    

7 Topsoil Stockpile C    

8 Infrastructure     

9 Haul Road    

Total area rehabilitated (ha) 14.2 

 

3.2  SEED MIX USED  

The species and weight of seed in the mix sown over the areas seeded in 2014/2015 are listed in Table 3.2 

(information supplied by SMC). 

Table 3.2: Seed mix used and total weight (kg) of seed sown over the two areas rehabilitated in 2014/2015 

Species WB weight (g) RD weight (g) Total weight (g) Total weight (kg) 

Acacia acuminata 120   120 0.120 

Acacia aneura   4057 4057 4.057 

Acacia anthochaera 826 3449 4275 4.275 

Acacia assimilis   4869 4869 4.869 

Acacia assimilis subsp. assimilis 34   34 0.034 

Acacia burkittii   4463 4463 4.463 

Acacia caesaneura 1.54   1.54 0.002 

Acacia colletioides   2434 2434 2.434 

Acacia coolgardiensis   2029 2029 2.029 

Acacia coolgardiensis var. effusa   3246 3246 3.246 

Acacia erinacea   3043 3043 3.043 

Acacia exocarpoides 129   129 0.129 

Acacia longiphyllodinea   3246 3246 3.246 

Acacia microbotrya   3915 3915 3.915 

Acacia murrayana 817 4361 5178 5.178 

Acacia neurophylla   89 89 0.089 

Acacia obtecta 1540   1540 1.540 

Acacia ramulosa 9472 2962 12434 12.434 

Acacia ramulosa subsp. ramulosa 2134   2134 2.134 

Acacia ramulosa var. linophylla   4057 4057 4.057 

Acacia sclerosperma   2130 2130 2.130 

Acacia sibina 2   2 0.002 

Acacia sp.   2637 2637 2.637 

Acacia tetragonophylla 94 1420 1514 1.514 

Allocasuarina acutivalvis subsp. prinsepiana 343   343 0.343 

Atriplex amnicola   4138 4138 4.138 

Atriplex isatidea   108 108 0.108 
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Species WB weight (g) RD weight (g) Total weight (g) Total weight (kg) 

Atriplex codonocarpa   2333 2333 2.333 

Atriplex semilunaris   2536 2536 2.536 

Austrostipa scabra   1765 1765 1.765 

Brachychiton gregorii   609 609 0.609 

Callitris columellaris ex glaucophylla   811 811 0.811 

Codonocarpus cotinifolius   536 536 0.536 

Dodonaea petiolaris   3023 3023 3.023 

Enchylaena tomentosa   1258 1258 1.258 

Eremophila sp.   1217 1217 1.217 

Eucalyptus ewartiana 15   15 0.015 

Eucalyptus leptopoda 23   23 0.023 

Eucalyptus leptopoda subsp. arctata 60   60 0.060 

Eucalyptus loxophleba 28   28 0.028 

Eucalyptus loxophleba subsp. supralaevis 48   48 0.048 

Maireana georgei   2146 2146 2.146 

Maireana tomentosa   4057 4057 4.057 

Maireana triptera   3753 3753 3.753 

Melaleuca hamata 11   11 0.011 

Melaleuca leiocarpa 17 1919 1936 1.936 

Melaleuca nematophylla 37   37 0.037 

Myriocephalus guerinae   237 237 0.237 

Ptilotus divaricatus   1805 1805 1.805 

Ptilotus exaltatus 64 4057 4121 4.121 

Ptilotus obovatus 242 3449 3691 3.691 

Rhodanthe chlorocephala subsp. rosea   1663 1663 1.663 

Santalum acuminatum 0 2576 2576 2.576 

Santalum spicatum 0 4869 4869 4.869 

Senna artemisioides 12   12 0.012 

Senna artemisioides subsp. x artemisioides 200 5274 5474 5.474 

Senna artemisioides subsp. filifolia 524 5437 5961 5.961 

Senna charlesiana 6   6 0.006 

Senna sp. Austin 17   17 0.017 

Sida arenicola   351 351 0.351 

Sida calyxhymenia   913 913 0.913 

Solanum lasiophyllum 13.9 406 419.9 0.420 

Total number of taxa sown 62 

Total weight of seed sown (kg) 130.48 

Total area rehabilitated in 2015 14.20 

Note: WB = seed supplied by Western Botanical, RD = seed supplied by Red Dirt. 

3.3  RAINFALL 2018 

Bureau of Meteorology (BoM) rainfall data for Karara Station (station number 010195; 1 January 2015 – 

31 December 2018; BoM, 2018) are presented in Table 3.3. 

Monthly rainfall records for 2015 to 2018 are listed in Table 3.3 along with the long-term mean rainfall.  The long-

term mean was calculated using data collected over 14 years – 2004 to 2018.  As rainfall trends have changed with 

time complete data sets recorded since 2004 are being used.  Highest long-term monthly rainfall is in July and 

February (40.9 mm and 33.6 m) while the months when highest actual rainfall fell in 2015 were March, February 

and July (68.8, 43.8 mm and 42.6 mm, respectively).  In 2017 highest rainfall months were in February and August 

(120.6 mm and 76.6 mm, respectively).  In 2018 the highest rainfall months were January, July and August 

(82.6 mm, 64.2 mm and 43.8 mm respectively). 
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Total autumn rainfall (March, April and May) in 2015 (107.4 mm), 2017 (23.0 mm) and 2018 (21.2 mm) was well 

above (2015) and well below (2017 and 2018) the long-term mean for those same three months (72.0 mm). 

Total winter rainfall (June, July and August) in 2015 (86.1 mm) and 2017 (95.3 mm) was below the long-term mean 

for those same three months (110.6 mm).  While total winter rainfall in 2018 (132.8mm) was above the long-term 

mean. 

Using the autumn and winter rainfall as a guide the vegetation at the rehabilitation monitoring plots should have 

been in average to below average condition.  Based on the winter rainfall received about 8 to 12 weeks before the 

survey was carried out annual species presence should have been average to good. 

Table 3.3: Karara Station rainfall records (BoM, 2018) 

Year / Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
total 

Karara (station number 10195) rainfall (mm) records 

2015 11.6 43.8 68.8 30.2 8.4 16.6 42.6 26.9 1.6 0.2 NA NA 250.7 

2016 40.6 10.6 39.8 56.2 35.4 35.6 51.4 39.6 11.4 2.0 1.9 12.0 336.5 

2017 14.4 120.6 13.0 5.2 4.8 0.5 18.2 76.6 19.6 2.8 4.8 6.4 286.9 

2018 82.6 10.6 1.8 0.0 19.4 24.8 64.2 43.8 1.8 11.8 38.0 10.4 309.2 

 Long-term (2004-
2018) mean 

30.7 33.6 20.8 24.2 27.0 35.2 40.9 34.5 21.4 9.2 14.0 11.1 302.6 

Note: Long-term mean monthly and total annual rainfall have been calculated for records collected between 2004 and 2018; NA = 

not available.  Green shading = month of assessment; the sites are assessed sometime during the last week of September / first week 

of October (the rehabilitation sites were not assessed in 2016). 

4 METHODS 

4.1  REHABILITATION MONITORING  

4.1.1 Survey, Sites Established and Assessed in 2018 

The two rehabilitation monitoring assessment sites established in 2015 were reassessed on October 2 and 3, 2018. 

The locations of the two rehabilitation monitoring sites (as well as the two analogue sites established and assessed 

in 2015) are shown on Map 8.5, Section 8.  The data collected from the two analogue sites are used as the 

benchmark for the two rehabilitation monitoring sites. 

The two erosion monitoring sites (three transects at each) were not assessed in 2017 and 2018 at SMC’s request; 

however, photographs of any erosion seen while at site were taken and some general observations were 

recorded. 

4.1.2 Site Set-up and Measurements 

4.1.2.1 Layout and set-up of sites 

The methods of Eyre et al. (2011) were adapted to produce the monitoring and analogue site set-up shown in 

Figure 4.1 and described in Table 4.1 (as per the RMP developed for work (Maia, 2015)). 
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Figure 4.1: Monitoring and analogue site set-up 

 

The methodology of Eyre et al. (2011) was adapted to utilise information that was being collected at 20 m by 20 m 

vegetation monitoring sites set up in the vegetation of the PEC around the Mungada West and Mungada East 

mines at Blue Hills; these vegetation monitoring sites were assessed up until September 2015.  The adaptations 

also took account of the distribution of the vegetation units in what is a relatively small area around the mine and 

also of the relatively small areas being rehabilitated at Blue Hills. 

Table 4.1: Assessment areas and parameters 

Assessment area type Parameter/s assessed 

100 m by 50 m plot Large trees; canopy height and native tree species richness 

50 m transect Tree and native shrub canopy cover 

50 m by 20 m plot Coarse woody debris 

20 m by 20 m plot Native shrub, grass and forbs/other species richness (including weeds) 

1 m by 1 m quadrats Native perennial grass cover, organic litter cover, rock cover 

 

When sites were established and assessed on slopes the long axis was aligned parallel to the slope. 

At each site, the four corners of the 20 m x 20 m plot were marked with a fence dropper as well as the 0 m, 15 m, 

35 m and 50 m points along the 50 m transect.  The 0 m post (at the start of the 50 m transect) was tagged with a 

numbered metal tag identifying the site.  The locations of the eight fence droppers installed at the four 

rehabilitation monitoring sites were recorded on a Global Positioning System (GPS).  Waypoints along the 
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boundary of the 100 m by 50 m plot at the two rehabilitation monitoring sites and two analogue sites were 

recorded on a GPS and saved as shape files. 

At each monitoring site photographs were taken diagonally from each corner of the 20 m x 20 m plot and from the 

centre of the 20 m x 20 m plot towards each corner of the plot. 

The information collected at both the rehabilitation monitoring and analogue sites is described in the following 

sub-sections. 

4.1.2.2 100 m x 50 m plot 

The following information was collected from each 100 m x 50 m plot: 

• The canopy height of any trees equal to or greater than 2 m in height (if present); 

• The diameter at breast height (DBH) of any trees equal to or greater than 2 m in height (if present); 

• The recruitment and regeneration of dominant tree species (if present).  Recruitment is considered to be 

juveniles of both eucalypt and non-eucalypt species and regeneration is considered for eucalypt species 

with coppice growth; 

• Native tree species richness (if present); 

• At rehabilitation monitoring sites only - the number of non-native plants (i.e. weeds) in the whole plot 

(this is additional information to the BioCondition data). 

4.1.2.3 50 m x 20 m plot 

The following information was collected on coarse woody debris (CWD) with a diameter of 10 cm or greater at 

each 50 m x 20 m plot: 

• Length was measured from tip to tip on the section of the CWD 10 cm in diameter or greater; and 

• The entire length of the debris considered to be both organic litter and CWD. 

4.1.2.4 50 m transect 

The following information relating to tree (if present) and shrub canopy cover was collected along each 50 m 

transect: 

• Canopy start and end measurements were taken along the 50 m tape for tree and shrub forms only. 

At rehabilitation monitoring sites, cover measurements were also recorded for any seedlings of native tree or 

shrub species (i.e. Acacia or Grevillea species) (this is additional information being collected). 

4.1.2.5 20 m x 20 m plot 

The following information relating to native plant species richness and non-native plant species cover was 

collected from within the 20 m x 20 m plots: 

• A species list; 

• The cover of non-native species within the 20 m x 20 m plot. 
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4.1.2.6 1 m x 1 m quadrats 

The following information relating to native perennial grass cover, organic litter cover and rock cover was 

collected from the 1 m² quadrats: 

• Native perennial grass species; 

• Native perennial grass cover; 

• Organic litter (< 10 cm in diameter) cover; 

• Rock cover; 

• Forb and non-grass species; 

• Forb and non-grass species cover; 

• Non-native grass species; 

• Cryptogams (mosses and lichens) – presence or absence; 

• Bare ground. 

4.1.3 BioCondition and Benchmarks and Additional Comparisons 

4.1.3.1 BioCondition and Benchmarks 

This monitoring program is based on the BioCondition methodology developed by Eyre et al. (2011).  The 

BioCondition method is an assessment framework that provides a measure of the functioning of a particular 

terrestrial ecosystem (Eyre et al., 2011).  It is a site-based quantitative assessment procedure that provides a 

numeric score from ‘functional’ through to ‘dysfunctional’ condition. 

The BioCondition score is generated by comparing specific site-based attributes measured at assessment sites 

with a benchmark value for each of those attributes, measured at a particular Regional Ecosystem (in this case the 

communities occurring in the vegetation around the mine at Blue Hills).  A benchmark value is based on the 

average or median value obtained from mature and long undisturbed sites or Best on Offer (BOO) sites, given few 

ecosystems are totally free of threatening impacts.  These BOO sites are termed ‘reference sites’ by Eyre et al. and 

are called analogue sites in this report. 

Ten attributes require benchmarks for the scoring system used in BioCondition (Table 4.2). 

Table 4.2: Attributes measured at BioCondition sites 

Attributes (unit) 

Large trees Coarse woody debris (m) 

Tree canopy height (m) Native plant species richness 

Recruitment of canopy species Non-native plant cover (%) 

Tree canopy cover (%) Native perennial grass cover (%) 

Shrub layer cover (%) Litter cover (%) 

 

These attributes are measured (using the same methods) at both assessment site types i.e. the sites established in 

rehabilitated areas and analogue sites.  The results for the attributes measured at the assessment sites are then 

compared with the benchmark for the same attributes measured at the analogue sites to determine how the 

rehabilitated areas are functioning compared with the analogue areas.  A comparative score (assessment site 

compared with analogue site) for each attribute is generated and these scores are used to produce an overall 
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BioCondition score, ranging between 0 and 1, for the rehabilitation assessment sites.  With the passage of time, 

the rehabilitation assessment site BioCondition scores should progress towards the analogue site benchmark 

scores i.e. the BioCondition score should approach 1. 

The steps carried out are summarised below: 

1. Analogue and assessment sites are set up as indicated in Figure 4.1. 

2. Measurements are carried out at each plot within each site as described in Sections 4.1.2.2 – 4.1.2.6. 

3. Calculations are performed on the data collected to provide a score for each of the 10 attributes listed in 

Table 4.2. 

4. Assessment site scores for each attribute are then calculated as a percentage of the benchmark. 

5. This percentage is then compared with scoring tables in Eyre et al. (2011) to provide an overall score for 

each attribute (Table A1.1, Appendix 1). 

6. Each of the 10 attributes measured is given a weighting (Table A1.2, Appendix 1) (as per Eyre et al., 2011) 

and the BioCondition score for each site is determined by adding the scores obtained for each of the 10 

site-based attributes and dividing by the maximum possible weighted score for the analogue sites i.e. 80 

in these communities (the wooded ecosystem of Eyre et al. (2011), Table A1.2, Appendix 1). 

Eyre et al. (2011) add landscape attributes to their calculations (either accounting for patch size plus connectivity 

plus context (adding up to 20%) or distance to water (weighted as 20%)), making the maximum possible 

benchmark score add up to 100; however, only site-based attributes are used in this rehabilitation monitoring 

program. 

4.1.4 Species List Comparisons and Weed Cover 

The data collected from the rehabilitation monitoring plots for the BioCondition analysis is also used to compare 

species diversity at the rehabilitation monitoring plots with the target species diversity (70% of the known original 

species diversity) and to calculate weed cover (to be no more than that in undisturbed bushland in the area or less 

than 10%, whichever is the lesser).  The data is also used to compare the species recorded in the plots with the 

species sown over the rehabilitated waste dump areas. 

4.2  EROSION MONITORING PROGRAM  

4.2.1 Survey and Sites 

Before establishing erosion monitoring sites, broad scale observations were made at each of the domains looking 

for any gullies, areas likely to pond water and any areas where erosion was occurring. 

In September 2015 two sites, comprising three 50 m long transects at each, were established in areas 

rehabilitated over the previous year (one site was located on Domain 2 and one on Domain 4).  One of the three 

transects was positioned at the top, one in the middle and one at the bottom of the slope on which each site was 

established.  The alignment of the erosion monitoring site transects is shown on Map 8.5, Section 8. 

At the request of SMC, the two erosion sites were not assessed in 2017 and 2018; however, photographs of any 

erosion seen in these areas were taken and notes on broad scale observations were made. 

  



Sinosteel Midwest Corporation Limited: Blue Hills Rehabilitation and Erosion Monitoring Program, Spring 2018 Assessment 

maia Page 15 

5 RESULTS 

5.1  REHABILITATION MONITORING  

5.1.1 Sites Assessed in Analogue and Rehabilitated Areas 

The naming convention used for the two analogue and two rehabilitation monitoring sites established and 

assessed in 2015 is shown in Table 5.1 along with information on site type and permanence. 

Coordinates recorded at the fence droppers installed at each site are listed in Table A2.1, Appendix 2. 

The two rehabilitation monitoring sites were reassessed in 2018. 

Table 5.1: Analogue and rehabilitation area sites 

Site identifier Site type Long-term or 

temporary 

BH12AR1 Blue Hills analogue site in WEC/Bennett community 12/Arr, replicate 1 Temporary 

BH12AR2 Blue Hills analogue site in WEC/Bennett community 12/Arr, replicate 2 Temporary 

BHD2R1 Blue Hills Domain 2 rehabilitation monitoring site, replicate 1 Long-term 

BHD4R1 Blue Hills Domain 4 rehabilitation monitoring site, replicate 1 Long-term 

Note: Domains 2 and 4 were sown with the same species and therefore one site was established at each. 

5.1.2 BioCondition Attribute Scores and Benchmark Weightings (Rehabilitation 

Performance) 

Data collected at analogue sites provide the benchmark against which each of the site-based attributes measured 

at the rehabilitation monitoring assessment sites is scored (Table A1.1, Appendix 1).  The rehabilitation 

monitoring sites established in Domain 2 and Domain 4 have the same reference community for rehabilitation 

(either WEC community 12 or Bennett unit Arr; Table 2.2 and 2.1), and comparisons have been made for both 

rehabilitation monitoring sites against analogue sites assessed in WEC FCT 12. 

5.1.3 BioCondition Assessment 

Each of the site-based attributes measured for the BioCondition score (see Table 4.2) is discussed individually in 

the following sections.  The BioCondition scores generated from the results for each attribute are presented in 

Table 5.2 and the change in attribute and BioCondition scores between 2015 to 2018 and 2017 to 2018 is 

highlighted in Table 5.3 and Table 5.4. 

5.1.3.1 Attribute 1 –  Large Trees 

The benchmark for this attribute can be divided into eucalypt and non-eucalypt species; however, no eucalypt 

species were recorded in the reference/analogue sites.  No large tree species were recorded at site BHD2R1 and 

the score was zero (as it has been since 2015) (Table 5.2).  One Eucalyptus ?ewartiana (height 2.54 m, DBH 

69 mm) was recorded at BHD4R1; however, no eucalypt species were recorded at the reference/analogue sites 

and there is therefore no minimum DBH threshold to meet for eucalypts at these sites.  One non-eucalypt tree 

species, Acacia murrayana, was recorded at the site (height 2.10 m, DBH 39 mm); however, its DBH was less than 

the 56 mm DBH threshold for non-eucalypts.  The score for this site is therefore zero - as it has been since 2015. 

Five other tree species were recorded at BHD2R1 and at BHD4R1; however the plants located were all less than 

2 m in height. 
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5.1.3.2 Attribute 2 –  Tree Canopy Height 

Three layers (emergent layer, ecologically dominant layer (EDL) and sub-canopy layer) make up the tree canopy 

height attribute.  The benchmark for the reference community emergent and sub-canopy layers is zero (because 

these layers were not present in the reference/analogue sites) and the benchmark for the EDL is 3 (i.e. a canopy 

height of 3 m). 

As in 2015 and 2017 no emergent, sub-canopy or EDL layers were present at BHD2R1 and, as the benchmarks for 

these attributes are zero, 3 and zero respectively, scores of 5, zero and 5 were achieved in 2018 at this site.  No 

emergent or sub-canopy layers were present at BHD4R1 and the benchmark is zero therefore the scores were 5 

for these two layers in 2018 (as in 2015 and 2017).  One shrub species was located in the EDL at BHD4R1 (Acacia 

murrayana) and the EDL score was 3 and the average score for BHD4R1 was 4.33, which has increased from 3.33 

in 2015 and 2017 (Table 5.2). 

5.1.3.3 Attribute 3 –  Recruitment of Canopy Species 

This attribute cannot be assessed until the plants in this layer are mature enough to be producing seed and 

seedlings i.e. recruiting.  The score for this attribute is therefore zero (Table 5.2). 

5.1.3.4 Attribute 4 –  Tree Canopy Cover 

No tree species were located along the transect at either of the two monitoring sites; the score for this attribute is 

therefore zero (Table 5.2). 

5.1.3.5 Attribute 5 –  Shrub Layer Cover 

Figure 5.1 shows total shrub layer cover at the rehabilitation sites assessed in 2015, 2017 and 2018 along with the 

vegetation community benchmark for this attribute. 

Between 2015 and 2018 shrub layer cover increased from zero at both sites to 8.68% at BHD2R1 and 36.28% at 

BHD4R1.  Between 2017 and 2018 there was a decrease of 5.32% in shrub layer cover at BHD2R1 and an increase 

of 12.74% in shrub layer cover at BHD4R1.  The benchmark for WEC/Bennett community 12/Arr is 48.0% and the 

2018 scores for BHD2R1 and BHD4R1 are 3 and 5 respectively, and they have increased from zero since 2015 

(Table 5.2).  Between 2017 and 2018 the BHD4R1 score increased from 3 to 5, while there was no change in the 

score for site BHD2R1 over the same time. 

 

Figure 5.1: Total shrub layer cover (%) at rehabilitation monitoring sites (2015, 2017 and 2018) and vegetation 
community benchmark for the attribute 
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5.1.3.6 Attribute 6 –  Coarse Woody Debris 

Figure 5.2 shows the CWD (m per hectare (ha)) recorded at the rehabilitation sites in 2015, 2017 and 2018 along 

with the vegetation community benchmark for this attribute. 

CWD has increased a little at BHD2R1 (from 5.4 to 7.0 m per ha since 2015); however, the score is still 2 and this 

has not changed since 2015 (Table 5.2).  CWD decreased at BHD4R1 between 2015 and 2018 (95.3 to 

40.5 m per ha) and it is currently below the benchmark for the reference/analogue community (49 m per ha).  

Although the amount of CWD has decreased the score is still 5 for this attribute at this site and it has not changed 

since 2015.  [Some of the coarse woody debris recorded at BHD4R1 in 2015 was just outside the boundary of the 

50 m x 20 m plot in 2017 and 2018.] 

 

Figure 5.2: Coarse Woody Debris (m per ha) at rehabilitation monitoring sites (2015, 2017 and 2018) and 
vegetation community benchmark for the attribute 

5.1.3.7 Attribute 7 –  Native Species Richness 

Figure 5.3 shows the number of species of the four life forms (trees, shrubs, grasses and forbs) at the 

rehabilitation sites assessed in 2015, 2017 and 2018 that also occur in the vegetation community benchmark for 

this attribute i.e. shared or like species.  Trees species from the 100 m x 50 m plots in the analogue and 

rehabilitation sites have been included in addition to the tree species recorded in the 20 m x 20 m quadrat. 

• Trees: three shared tree species were recorded at BHD2R1 and at BHD4R1 (50% of the benchmark) and 

this percentage has decreased since 2017 (when it was 66.7%. of the benchmark).  Both sites achieved a 

score of 2.5 in 2018, which was the same as in 2017 and an increase from zero in 2015 (Table 5.2).  [Note 

that these plants are not considered to be trees for attributes 1, 2 and 4 as they do not meet the 2 m 

minimum height requirement, however they are tree species.] 

• Shrubs: two shared shrub species were recorded at BHD2R1 (13% of the benchmark), which is an increase 

from one in 2017 and zero in 2015.  This achieves an overall score of zero which has not changed since 

2015.  Zero shared shrub species were recorded at BHD4R1 in 2018 and has not increased from zero since 

2015 (Table 5.2; Table A3.1, Appendix 3). 
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• Grass species: zero shared grass species were recorded at BHD2R1 and BHD4R1 (0% of the benchmark) 

decreasing from one in 2017.  Both sites achieved a score of zero decreasing from 5 in 2017 (Table 5.2) 

Table A3.1, Appendix 3). 

• Forbs: four shared forb species were recorded at BHD4R1 (17% of the benchmark) and three shared 

species were recorded at BHD2R1 (13% of the benchmark).  This has increased from zero shared species 

at BHD2R1 in 2017 and by three shared species at BHD4R1 in 2017.  The score was zero for both sites in 

2018 as the shared species has not 25% of the benchmark to achieve a score Table A3.1, Appendix 3). 

• The total score for shared species richness for trees, shrubs, grasses and forbs has decreased at both sites 

from 7.5 in 2017 to 2.5 (BHD2R1) and 2.5 (BHD4R1) in 2018 (Table 5.2). 

 

Figure 5.3: Total number of shared species for the four life forms at rehabilitation monitoring sites (2015, 2017 
and 2018) and vegetation community benchmark for the attribute 

5.1.3.8 Attribute 8 –  Non-Native Plant Cover 

No non-native plants were recorded within the 20 m x 20 m quadrat of BHD2R1 in 2018 and this was the same in 

2015 and 2017.  Two non-native plant species (Mesembryanthemum nodiflorum and Sisymbrium irio) were 

recorded at the BHD4R1 within the 20 m x 20 m quadrat with a total cover of 0.52% of the quadrat.  BHD2R1 

achieved a score of 10 in 2015, 2017 and 2018; however, BHD4R1’s score has decreased from 10 in 2017 to 3 in 

2018 as weeds have now spread into the 20 m x 20 m plot. 

5.1.3.9 Attribute 9 –  Native Perennial Grass Cover 

No native-perennial grasses were recorded in each of the five 1 m x 1 m plots at the two rehabilitation monitoring 

sites in 2018 and this was the same as in 2015 and 2017.  The benchmark for WEC/Bennett community 12/Arr is 

zero and therefore BHD2R1 and BHD4R1 achieved a score of 5 (the top score for this attribute) in 2015, 2017 and 

2018. 

5.1.3.10 Attribute 10 –  Organic Litter Cover 

Figure 5.4 shows the mean organic litter cover at the rehabilitation sites assessed in 2015, 2017 and 2018 along 

with the vegetation community benchmark for this attribute. 
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Organic litter was present at both rehabilitation monitoring sites in 2018 and since 2017 its cover has decreased 

by 13% at BHD2R1 and by 1% at BHD4R1.  As the benchmark for WEC/Bennett community 12/Arr is 22%, BHD2R1 

achieved a score of 3 in 2018 as approximately 18.18% of the benchmark was present and BHD4R1 achieved a 

score of 3 with 25.45% of the community benchmark.  The score for BHD4R1 was 3 in 2017 and so is unchanged.  

The score for BHD2R1 has decreased from 5 in 2017 to 3 in 2018, though this was still an increase on the zero 

scored in 2015. 

 

Figure 5.4: Mean organic litter cover (%) at rehabilitation monitoring sites (2015, 2017 and 2018) and 
vegetation community benchmark for the attribute 

5.1.3.11 BioCondition Scores 

The overall results of the analyses carried out for each attribute used to generate the 2018 BioCondition scores 

are included as Table A3.1, Appendix 3.  The attribute scores and overall BioCondition scores for the rehabilitation 

area assessment sites for 2015, 2017 and 2018 are presented in Table 5.2.  With time the overall BioCondition 

score should increase and approach 1 as the rehabilitation areas develop.  The change (or not) in each of the 10 

attribute scores and the BioCondition score for each site between 2015 and 2018 and 2017 and 2018 and is shown 

in Table 5.3 and 5.4 respectively. 

In 2018, Domain 2 site BHD2R1 was in slightly better condition than Domain 4 site BHD4R1 relative to the 

benchmark for WEC/Bennett community 12/Arr.  The BioCondition score at both sites has increased since 2015; at 

BHD2R1 it has increased from 0.25 to 0.36 and at BHD4R1 from 0.29 to 0.35 (Table 5.2 and 5.3).  However, the 

scores have decreased since 2017.  The decrease was from 0.45 to 0.36 at BHD2R1 and from 0.46 to 0.35 at 

BHD4R1.  The decreases between 2017 and 2018 are a result of the decreases in native plant species richness 

(specifically a decrease in shared grass cover), organic litter cover and increases in non-native plant cover at 

BHD4R1 (Table 5.4).  Scores for tree canopy height and shrub layer cover increased at BHD4R1 between 2017 and 

2018 (Table 5.4). 

Photographs showing the progression of the rehabilitation in Domains 2 and 4 are included in Table A4.1, 

Appendix 4. 
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Table 5.2: Attribute scores and total BioCondition score for each monitoring site, 2015, 2017 and 2018 

  FCT 12 

Attribute 
# Site-based Condition Attributes 

BHD2R1 BHD4R1 

2015 2017 2018 2015 2017 2018 

1 Large trees 0 0 0 0 0 0 

2 Tree canopy height 3.33 3.33 3.33 3.33 3.33 4.33 

3 Recruitment of canopy species 0 0 0 0 0 0 

4 Tree canopy cover 0 0 0 0 0 0 

5 Shrub layer cover 0 3 3 0 3 5 

6 Coarse woody debris 2 2 2 5 5 5 

7 
Native plant species richness - life 
forms 

0 7.5 2.5 0 7.5 2.5 

8 Non-native plant cover 10 10 10 10 10 3 

9 Native perennial grass cover 5 5 5 5 5 5 

10 Litter cover 0 5 3 0 3 3 

Total All Attributes 20.33 35.83 28.83 23.33 36.83 27.83 

BioCondition Score 0.25 0.45 0.36 0.29 0.46 0.35 

 

Table 5.3: Change in attribute and BioCondition scores between 2015 and 2018 

  WEC/Bennett community 12/Arr 

Attribute # Site-based Condition Attributes BHD2R1 BHD4R1 

1 Large trees NC NC 

2 Tree canopy height NC I 

3 Recruitment of canopy species NC NC 

4 Tree canopy cover NC NC 

5 Shrub layer cover I I 

6 Coarse woody debris NC NC 

7 Native plant species richness - life forms I I 

8 Non-native plant cover NC D 

9 Native perennial grass cover NC NC 

10 Litter cover I I 

Total All Attributes I I 

BioCondition Score I I 

Note: NC = no change, I = increase and D = decrease. 
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Table 5.4: Change in attribute and BioCondition scores between 2017 and 2018 

  WEC/Bennett community 12/Arr 

Attribute # Site-based Condition Attributes BHD2R1 BHD4R1 

1 Large trees NC NC 

2 Tree canopy height NC I 

3 Recruitment of canopy species NC NC 

4 Tree canopy cover NC NC 

5 Shrub layer cover NC I 

6 Coarse woody debris NC NC 

7 Native plant species richness - life forms D D 

8 Non-native plant cover NC D 

9 Native perennial grass cover NC NC 

10 Litter cover D NC 

Total All Attributes D D 

BioCondition Score D D 

Note: NC = no change, I = increase and D = decrease. 

5.1.4 Species List Comparisons and Weeds 

5.1.4.1 Species List Comparisons - Rehabilitation Areas with BGPA’s Species Lists for Mungada 

West and East 

BGPA (2015) collated lists of species likely to be suitable for vegetation restoration of the waste rock dumps at 

Mungada West and Mungada East.  The species were sourced from reports on surveys carried out on the 

tenements by Bennett, Ecologia, Maia and Markey and Dillon (BGPA, 2015).  The lists for Mungada West and East 

comprised 85 and 84 species respectively.  As per MS 811, 59 taxa would need to be restored based on a 70% 

target from a list of 85 or 84 species.  To restore the vegetation at rehabilitated areas to a state similar to 

undisturbed comparable vegetation (i.e. WEC’s FCT 12 or Bennett’s Arr community), BGPA determined a 

frequency of occurrence for the 85 species in the Mungada West list and the 84 species in the Mungada East list.  

Taxa were then listed as very common, common or uncommon based on their frequency of occurrence.  BGPA 

indicated that all of the taxa listed as very common would need to be restored, 80% of the taxa listed as common 

and 55% and 60% of the taxa listed as uncommon would need to be restored at Mungada West and at Mungada 

East respectively. 

When BGPA’s Mungada West and East species lists were combined a list of 113 taxa resulted (including one taxon 

not identified to species level - Stylidium sp.), and this combined list of species likely to be suitable for restoration 

of the Mungada West and East waste dumps (i.e. for restoration of Domain 4 (Mungada West) and Domain 2 

(Mungada East)) is included as Table A5.1, Appendix 5.  The relevant column of species in Table A5.1 was then 

compared with the species recorded at the rehabilitation monitoring sites (includes the species located in the 

20 m x 20 m quadrat and any additional tree species located in the 100 m by 50 m plots that were not recorded in 

the 20 m x 20 m quadrat).  A percentage similarity between the species recommended for the two waste dumps 

and those actually recorded at the monitoring sites assessed was calculated.  Data collected from rehabilitation 

monitoring site BHD2R1 was compared with BGPA’s species list for Mungada East (Table 5.5) and data collected 

from rehabilitation monitoring site BHD4R1 was compared with BGPA’s species list for Mungada West (Table 5.6). 

Twenty-three species were recorded at Mungada East waste dump and if all of those species were on BGPA’s list 

of species suitable for restoration this would equate to 27.4% of the full restoration target species list or 84 and 

40.0% of the 70% target of 59 species; however, all of the 23 species located are not in the list of target species 
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and therefore these percentages are lower (see following paragraphs).  Similarly, 23 species were recorded at 

Mungada West waste dump and if all of those species were on BGPA’s list of species suitable for restoration this 

would equate to 27.1% of the full restoration target species list of 85 and 39.0% of the 70% target list of 59; 

however, all of the 23 species located are not in the list of target species and therefore these percentages are 

lower (see following paragraphs). 

• Mungada East waste dump (Table 5.5): 23 species were recorded overall in 2018 and 10 of the 23 were 

listed in BGPA’s 84 species recommended for this waste dump (BHD2R1).  This equates to 11.9% of the 

known original species diversity of 84 and to 16.9% of the 70% restoration target of 59 species. 

• Mungada East waste dump (Table 5.5): three of the very common taxa were recorded at this waste dump 

in October 2018 (42.9% of the target for restoration) (increased since 2017 when it was 12.5% and it was 

0% in 2015), six of the taxa listed as common (25.0% of the target for restoration) (this was three in 2017, 

12.5% and one in 2015, 4.2%) and one of the taxa listed as uncommon (3.6% of the target for restoration) 

(two in 2017, 7.1%, and zero in 2015, 0%). 

• Mungada West waste dump (Table 5.6): 23 species were recorded overall and 11 of the 23 were in 

BGPA’s 85 species recommended for this waste dump (BHD4R1).  This equates to 12.9% of the known 

original species diversity of 85 and 18.6% of the 70% restoration target of 59 species. 

• Mungada West waste dump (Table 5.6): three of the very common taxa were recorded (50.0% of the 

target for restoration) (one in 2017, 16.7% and zero in 2015, 0%), six of the taxa listed as common (18.8% 

of the target for restoration) (three in 2017, 9.4% and two in 2015, 6.3%) and two of the taxa listed as 

uncommon (9.5% of the target for restoration) (two in 2017, 9.5% and zero in 2015, 0%). 

Table 5.7 presents the change in number and percentage of species at the rehabilitation sites and on BGPA’s list 

of restoration target species between 2015 and 2018.  The number of shared species has gradually increased 

since 2015 at both Mungada West waste dump (from 2 species in 2015 to 11 species in 2018) and Mungada East 

waste dump (from 1 species in 2015 to 10 species in 2018).  The percentage of shared species has therefore 

increased from 3.4% to 18.6% at Mungada West waste dump and from 1.7% to 16.9% at Mungada East waste 

dump. 

Figures 5.1 and 5.2 are radar charts showing the change in site scores relative to the maximum achievable score 

in 2015, 2017 and 2018.  Figure 5.1 is the radar chart for Mungada East waste dump (BHD2R1) and Figure 5.2 is 

for Mungada West waste dump (BHD4R1). 

These spider web diagrams of the BioCondition attribute scores provide a comparison between site scores and 

the benchmark for each attribute.  This can assist in the detection of attributes requiring management attention 

during monitoring programs in vegetation rehabilitation and/or areas undergoing changes in management (Eyre 

et al., 2015). 
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Table 5.5: Similarity–rehabilitation site BHD2R1 (Domain 2) with BGPA (2015) Mungada East restoration targets (2015, 2017 and 2018) 

Total number of 
species listed 
for Mungada 
East 

Percentage of 
species to 
restore (and 
number of 
species) 

Number of 
species 
recorded at 
BHD2R1 

Number 
of co-
occurring 
species 

Similarity 
to list of 
species to 
restore (%) 

Number of 
species 
recorded at 
BHD2R1* 

Number 
of co-
occurring 
species 

Similarity 
to list of 
species to 
restore (%) 

Number of 
species 
recorded at 
BHD2R1* 

Number of 
co-
occurring 
species 

Similarity 
to list of 
species to 
restore (%) 

2015 2017 2018 

Very common – 
7 taxa 

100% (= 7 taxa) 3 0 0 20 3 42.9 23 3 42.9 

Common – 30 
taxa 

80% (= 24 taxa) 1 4.2 3 12.5 6 25.0 

Uncommon – 
47 taxa 

60% (= 28 taxa) 0 0 2 7.1 1 3.6 

All = 84 taxa Total = 59 taxa 1 1.7 8 13.6 10 16.9 

Note: * = includes species from 20 m x 20 m quadrat and tree species in 100 m x 50 m plot that were not recorded in the 20 m x 20 m quadrat.  Co-occurring species = only those species 

listed in BGPA’s species to restore. 

 

Table 5.6: Similarity–rehabilitation site BHD4R1 (Domain 4) with BGPA (2015) Mungada West restoration targets (2015, 2017 and 2018) 

Total number of 
species listed 
for Mungada 
West 

Percentage of 
species to 
restore (and 
number of 
species) 

Number of 
species 
recorded at 
BHD4R1* 

Number 
of co-
occurring 
species 

Similarity 
to list of 
species to 
restore (%) 

Number of 
species 
recorded at 
BHD4R1* 

Number 
of co-
occurring 
species 

Similarity to 
list of 
species to 
restore (%) 

Number of 
species 
recorded at 
BHD4R1* 

Number of 
co-
occurring 
species 

Similarity 
to list of 
species to 
restore (%) 

2015 2017 2018 

Very common – 
6 taxa 

100% (= 6 taxa) 6 0 0 22 1 16.7 23 3 50.0 

Common – 40 
taxa 

80% (= 32 taxa) 2 6.3 3 9.4 6 18.8 

Uncommon – 
39 taxa 

55% (= 21 taxa) 0 0 2 9.5 2 9.5 

All = 85 taxa Total = 59 taxa 2 3.4 6 10.2 11 18.6 

Note: * = includes species from 20 m x 20 m quadrat and tree species in 100 m x 50 m plot that were not recorded in the 20 m x 20 m quadrat.  Co-occurring species = only those species 

listed in BGPA’s species to restore. 
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Figure 5.5: Mungada East waste dump (BHD2R1) BioCondition results radar chart 

 

Figure 5.6: Mungada West waste dump (BHD4R1) BioCondition results radar chart 
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Table 5.7: Similarity of species located at rehabilitation sites BHD4R1 (Domain 4, Mungada West) and BHD2R1 
(Domain 2, Mungada East) to BGPA (2015) Mungada West and Mungada East restoration targets 2015 (year 1) 
to 2018 (year 3) 

Rehabilitation Area Parameter 2015 2017 2018 

Mungada West (BHD4R1) 
Total shared species (#) 2 6 11 

Percentage of 59 target species (%) 3.4 10.2 18.6 

Mungada East (BHD2R1) 
Total shared species (#) 1 8 10 

Percentage of 59 target species (%) 1.7 13.6 16.9 

 

5.1.4.2 Species Sown over Rehabilitation Areas and Recorded in 2018 

The species sown (S) over the two areas rehabilitated in 2015 are listed in Table A6.1 (Appendix 6).  The species 

that were recorded / present (P) in October 2018 are also listed in Table A6.1.  Species present at the monitoring 

sites include those species located in the 20 m x 20 m quadrat and any additional tree species located in the 100 m 

by 50 m plots that were not recorded in the 20 m x 20 m quadrat.  Fourteen of the 62 species sown at Mungada 

East (Domain 2) were recorded in October 2018 and 12 of the 62 species sown at Mungada West (Domain 4).  This 

represents 22.6% and 19.4% of the species sown over the areas rehabilitated in Domains 2 and 4, respectively.  In 

2015 the percentage was 1.6% for both domains and in 2017 it was 19.4% for Domain 2 and 21.0% for Domain 4. 

At both monitoring sites species not in the seed mix sown over the rehabilitated areas were recorded.  At 

Mungada East 39.1% of the species recorded in 2018 were not in the seed mix sown over the area, and at 

Mungada West 47.8% of the species recorded in 2018 were not in the seed mix sown over the area.  The topsoil, 

or a combination of topsoil, wind and animal vectors, is contributing a similar amount to the species diversity in 

both areas.  Between 2015 and 2018 this percentage decreased from 66.7% in 2015 to 42.9% in 2017 and 39.1% in 

2018 at Mungada East waste dump (Domain 2) and decreased from 83.3% in 2015 to 38.1% in 2017 and increased 

to 47.8% in 2018 at Mungada West waste dump (Domain 4). 

5.1.4.3 BGPA’s Species Lists for Mungada West and East  and Species Sown over Rehabilitation 

Areas 

Species diversity target lists for Mungada West and Mungada East were developed by BGPA using the species lists 

from a number of reports on flora and vegetation surveys carried out on SMC’s Blue Hills tenements; however, the 

species sown over the area were not all in the species diversity target lists.  Any species not included in the seed 

mix sown over the area would need to come from topsoil applied to the rehabilitated areas or be brought to the 

area by animals or wind etc.  The combined species list from the species lists collated by BGPA totalled 113 taxa 

(including Stylidium sp.).  Sixty-two (62) species were sown over both rehabilitation areas (including two listed as 

Acacia sp. and Eremophila sp.).  Sixteen (16) of the 113 species in BGPA’s species list (14.2%) were in the seed mix 

sown over the area; however, the Acacia sp. and Eremophila sp. in the seed mix could be one of the acacias or 

eremophilas listed in BGPA’s species list and so this number could be 18 (15.9%).  Therefore, the remainder of the 

species in BGPA’s species list (approximately 85.8% of the species list) would need to come from the topsoil 

spread over Mungada East and Mungada West. 

5.1.4.4 Weed cover 

The 100 m by 50 m area was searched for weeds at both rehabilitation monitoring sites.  No weed species were 

located at BHD2RI and four were located at BHD4R1 – Cuscuta spp., Mesembryanthemum nodiflorum, Sisymbrium 

irio and Sonchus oleraceus.  The weeds at BHD4R1 were counted and a number of plants of each weed species 

were measured to calculate an average size for each.  This average size was then used to calculate a cover 

(percent) per hectare for each weed species and a total weed cover for the two monitoring sites. 
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In October 2018 weed cover at the rehabilitation sites (1 ha) was 0.047%.  It has increased from the 0.0007% cover 

recorded in 2017; however, it is still below the total weed cover calculated for the analogue sites (0.085%). 

5.2  EROSION MONITORING  

Two erosion monitoring sites were established in 2015 – one on the slopes of Domain 2 and one on the slopes of 

Domain 4 - and three transects were established at each (Table 5.8).  The locations of the three marker posts 

established along each of the six erosion monitoring transects are listed in Table A2.1, Appendix 2. 

Table 5.8: Erosion monitoring sites 

Site identifier Domain (number of transects) Long-term or temporary 

BHD2E1 Domain 2 (three) Long-term 

BHD4E1 Domain 4 (three) Long-term 

 

At SMC’s request the erosion monitoring sites were not assessed in 2018; however, broad scale observations were 

recorded and photographs were taken of the slopes of the rehabilitated waste dumps at Domains 2 and 4. 

5.2.1 Broad Scale Observations - Domains 2 and 4 

The following observations were noted in areas rehabilitated in Domains 2 and 4: 

• Erosion gullies and rills were evident on the slopes at these two domains.  Photographs of the erosion 

along the hillslopes of Domain 2 and 4 are included in Table A4.2 and A4.3 of Appendix 4, respectively.  

Photographs of the erosion in the general area of the erosion monitoring sites are shown in Table A4.4, 

Appendix 4. 

5.3  INTRODUCED FAUNA AND CONSERVATION SIGNIFICANT FLORA 

5.3.1 Introduced Fauna 

Since September 2013 Maia has carried out surveys on SMC’s Blue Hills tenements in June and September 2014, 

June and September 2015, April and September 2017 and August and September 2018.  Goats were sighted 

around the Mungada West and East mines in September 2013, but none have been seen since then. 

5.3.2 Conservation Significant Flora 

No conservation significant flora (CSF) species were recorded within the rehabilitation monitoring sites assessed at 

Blue Hills in October 2018. 

In 2012 Maia established 16 vegetation monitoring sites in the vegetation of the PEC around Mungada West and 

East (Maia, 2012).  Six CSF (Acacia woodmaniorum (Threatened (T)), Lepidosperma sp. Blue Hills (A. Markey & S. 

Dillon 3468) (Priority (P) 1), Calotis sp. Perrinvale Station (R. J Cranfield 7096), Drummondita fulva, Micromyrtus 

acuta, Micromyrtus trudgenii and Rhodanthe collina (all P3)) were recorded at these vegetation monitoring sites 

between 2012 and 2015 (the last time the vegetation monitoring plots were assessed).  A new vegetation and CSF 

species monitoring program was established in August 2018 and baseline data gathered.  The number of Acacia 

woodmaniorum (T), Lepidosperma sp. Blue Hills (A. Markey and S. Dillon 3468) (P1), Drummondita fulva (P3) and 

Micromyrtus trudgenii (P3) was counted at these sites.  Nine of the original 16 vegetation monitoring sites were 

included in the new monitoring program (B01, B06, B07, B09, B11, B13, B14, B15 and B16) along with five new 

sites (sites B17 to B21) (Map 8.5, Section 8).  Therefore 14 conservation significant vegetation monitoring sites 

were established in 2018. 
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Table 5.9 presents the total number of CSF species recorded between 2012 and 2015 at the original 16 sites and 

the number recorded at the nine sites incorporated into the 2018 monitoring program.  The number of plants of 

four CSF species recorded at the five new vegetation monitoring sites established in 2018 is also presented along 

with the number of plants recorded at specific CSF monitoring sites also established in 2018. 

In August of 2018, the vegetation condition at the nine original sites was excellent and there was no evidence of 

dust, grazing or fire at these sites – or at any of the new sites established in August 2018. 

Comparing the nine sites originally established in 2012 the number of A. woodmaniorum decreased by one plant 

(eight to seven plants) between 2012 and 2018.  The number of L. sp. Blue Hills (A. Markey & S. Dillon 3468) 

increased between 2012 and 2018 (70 to 142 plants), as did the number of D. fulva (17 to 21 plants) and M. 

trudgenii (70 to 80 plants). 

Table 5.9: Conservation significant flora and counts (2012-2015 and 2018) 

Species Plant Counts 

2012 2013 2014 2015 2018 

Tot Nine 
2012 
sites 

Tot Nine 
2012 
sites 

Tot Nine 
2012 
sites 

Tot Nine 
2012 
sites 

Nine 
2012 
sites 

New 
veg 
mon 
sites 

Total 
veg 
mon 
sites 

2018 
CSF 
mon 
sites 

Acacia 
woodmaniorum 
(T) - perennial 

8 8 7 7 4 4 5 5 7 27 34 169 

Lepidosperma 
sp. Blue Hills (A. 
Markey & S. 
Dillon 3468) (P1) 
- perennial 

70 70 70 70 70 70 70 70 142 0 142 114 

Drummondita 
fulva (P3) - 
perennial 

20 17 42 31 42 31 42 31 21 21 42 105 

Micromyrtus 
trudgenii (P3) - 
perennial 

84 70 98 79 93 74 97 78 80 64 144 149 

Calotis sp. 
Perrinvale 
Station (R. J 
Cranfield 7096) 
(P3) - annual 

0 

NA 

0 

NA 

5 

NA 

62 

NA No longer assessed Micromyrtus 
acuta (P3) - 
perennial 

15 71 71 71 

Rhodanthe 
collina (P3) - 
annual 

0 0 10 143 

Note: Nine sites = the nine of 16 vegetation monitoring sites established in 2012 (B01, B06, B07, B09, B11, B13, B14, B15 and B16); 

New sites = the five new vegetation monitoring sites established in August 2018 (B17, B18, B19, B20 and B21); Tot = the total for all 

16 of the original vegetation monitoring sites pre establishment of the 2018 monitoring program; NA = not applicable; New CSF mon 

sites = the number of each of four CSF recorded at sites established to monitor the health of four CSF species (in addition to the 

vegetation monitoring sites).    
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6 DISCUSSION 
The Rehabilitation Monitoring Plan was developed to address selected clauses in condition 13 (Rehabilitation and 

Mine Closure) of MS 811 issued under the Environmental Protection Act 1986 (WA) for the project and relevant 

sections of the Mine Closure Plan developed for Blue Hills (Ecologia Environment, 2013).  It was designed to 

answer seven main questions.  These seven questions are listed in dot points below and each is discussed with 

respect to the spring 2018 results for this monitoring program. 

• Does the re-established vegetation have not less than 70% (not including weed species) of the known original 

species diversity? (to be met within five years following the cessation of productive mining). 

o The Blue Hills rehabilitation monitoring sites were established in 2015 and the vegetation in the 

rehabilitated areas is now approximately three years old. 

o The Botanic Gardens and Parks Authority (BGPA) collated species lists for the known original diversity 

for the waste dumps at Mungada East and Mungada West.  The re-established vegetation in the 

plots assessed has 11.9% of the known original species diversity for Mungada East and 12.9% of that 

for Mungada West.  BGPA also indicated what the 70% restoration targets should be at each area 

and the plots assessed in areas rehabilitated at Mungada East and Mungada West had 16.9% and 

18.6% respectively of this 70% restoration target.  Since 2015 this similarity to the 70% restoration 

target has increased from 1.7% to 16.9% at Mungada East and from 3.4% to 18.6% at Mungada West. 

o Targets relating to the percentage of the very common, common and uncommon taxa in the species 

lists for Mungada East and Mungada West were also recommended by BGPA.  At Mungada East 

42.9% of the 7 species target for very common species was achieved in 2018, 29.2% of the 24 species 

target for common species and 10.7% of the 28 species target for uncommon species.  At Mungada 

West 50.0% of the 6 species target for very common species was achieved in 2018, 15.6% of the 32 

species target for common species and 9.5% of the 21 species target for uncommon species.  These 

percentages have increased since 2015 when the results for the common taxa were 4.2% and 6.3% at 

Mungada East and Mungada West respectively and none of the very common or uncommon taxa 

were recorded. 

o The 70% of the known original species diversity target has not been met three years since seeding. 

• Is weed cover at rehabilitated areas no more than that in undisturbed bushland in the area or less than 10%, 

whichever is the lesser? (to be met within five years following the cessation of productive mining) 

o Total weed cover for the rehabilitation sites in 2018 was 0.047%.  This has increased from the 0% and 

0.0007% cover recorded in 2015 and 2017 respectively; however, it is still very low and below the 

total cover for the analogue sites (0.085%). 

• Are the measures carried out to ensure that the final pit voids do not cause significant environmental impacts 

working effectively (re feral animals and significant flora populations in the area)? 

o No goats were observed by Maia in 2018 and none have been seen by Maia at Blue Hills since 

September 2013.  No other feral animals have been observed at Blue Hills by Maia. 

o In 2012 16 vegetation monitoring sites were established in the vegetation of the PEC around 

Mungada West and East.  Six CSF (Acacia woodmaniorum (Threatened (T)), Lepidosperma sp. Blue 

Hills (A. Markey & S. Dillon 3468) (Priority (P) 1), Calotis sp. Perrinvale Station (R. J Cranfield 7096), 

Drummondita fulva, Micromyrtus acuta, Micromyrtus trudgenii and Rhodanthe collina (all P3)) were 

recorded at these vegetation monitoring sites between 2012 and 2015 (the last time the vegetation 

monitoring plots were assessed).  In August 2018 sites for a new vegetation and conservation 

significant flora monitoring program were established for the Mungada East Extension project area 

and baseline data collected.  For this program Acacia woodmaniorum, Lepidosperma sp. Blue Hills (A. 

Markey and S. Dillon 3468), Drummondita fulva and Micromyrtus trudgenii were required to be 
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monitored.  Nine of the original 16 vegetation monitoring sites were incorporated into the new 

monitoring program (B01, B06, B07, B09, B11, B13, B14, B15 and B16) along with five new sites (sites 

B17 to B21).  In August of 2018, vegetation condition at the original nine sites and five new sites was 

excellent and there was no evidence of dust, grazing or fire at any of the sites.  At the nine sites 

originally established in 2012 Acacia woodmaniorum numbers decreased by one plant between 2012 

and 2018 (eight to seven plants), the number of Lepidosperma sp. Blue Hills (A. Markey & S. Dillon 

3468) increased from 70 to 142 plants, the number of Drummondita fulva increased from 17 to 21 

plants and the number of Micromyrtus trudgenii from 70 to 80 plants. 

o The final pit voids do not appear to be causing any environmental impacts re feral animals and CSF 

populations at vegetation monitoring plots on SMC’s Mungada East and Mungada West tenements. 

• Is the rehabilitation performing as required? 

o The BioCondition assessment provides an indication of whether the rehabilitation is performing as 

required and the re-vegetation becoming similar to like vegetation in the surrounding area.  

BioCondition scores indicate the condition of an assessment area when benchmarked against (i.e. 

relative to) a reference/analogue community for the vegetation unit being assessed.  In 2018, the 

BioCondition score for the area rehabilitated as Domain 2 was 0.36 out of a maximum possible score 

of 1 (decreasing from 0.45 in 2017), and for the area rehabilitated as Domain 4 the score was 0.35 

(decreasing from 0.46 2017).  The decreases between 2017 and 2018 are a result of changes in shrub 

layer cover, native plant species richness and non-native plant cover. 

o Small erosion gullies and many rills were observed and photographed at Mungada East and Mungada 

West in 2018.  These have the potential to develop further and maintenance actions might be 

required in the future to help the rehabilitation to succeed. 

• Does the rehabilitation meet completion criteria? 

o Approximately three years after sowing the rehabilitation does not meet the completion criterion 

relating to species diversity and while the weed cover is less than that of undisturbed bushland 

(0.05% cover at rehabilitated areas compared with 0.09% in undisturbed bushland) it is more than 

10% of the 0.09% in undisturbed bushland. 

• Is it likely that the rehabilitation area will develop adequately if allowed to continue, or is intervention 

required? 

o Based on the change in vegetation that has occurred over the past three years it is likely that similar 

positive changes will occur over the next three years.  Further investigation of the species diversity 

desired, the species originally sown and those recorded on the rehabilitated areas will probably 

indicate whether reseeding of certain species will be required to achieve current species diversity 

completion criteria. 

• Does the data collected at analogue sites indicate some revision of closure targets is required? 

o Data collected at the two analogue sites (an area totalling 1 ha) produced a collated list of 45 species 

(excluding weed species).  The species lists generated by BGPA for Mungada East and Mungada West 

comprised 84 and 85 species respectively and a collated list of 113 species.  Diversity in the two 

analogue plots assessed in the floristic community type recommended by BGPA was much lower 

than that in the original diversity species list generated by BGPA.  A revision of the species diversity 

closure target could be warranted based on this data. 

o Weed cover at the analogue plots was 0.09%.  This is a very low target for weed cover and it could 

probably be revised i.e. increased. 
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8 MAPS 
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APPENDIX 1: BIOCONDITION SCORING TABLES 

Table A1.1: Attribute scoring system against benchmark (adapted from Eyre et. al., 2011) 

Attribute # Description Score 

1 

100 m x 50 m Plot - Large Trees 

No large trees present 0 

0 to 50% of benchmark number of large trees 5 

>=50% to 100% of benchmark number of large trees 10 

>=benchmark number of large trees 15 

2 

100 m x 50 m Plot - Tree Canopy Height 

<25% of benchmark height 0 

>=25% to 70% of benchmark height 3 

>=70% of benchmark height 5 

3 

100 m x 50 m Plot - Recruitment 

<20% of dominant canopy species present as regeneration 0 

>=20 – 75% of dominant canopy species present as regeneration 3 

>=75% of dominant canopy species present as regeneration 5 

4 

50 m Transect - Tree Canopy Cover 

<10% of benchmark 0 

>=10% and <50% 2 

>=50% or <=200% 5 

>200% 3 

5 

50 m Transect - Shrub Cover 

<10% of benchmark shrub cover 0 

>/= 10 to <50% or >200% of benchmark shrub cover 3 

>=50% or <=200% of benchmark shrub cover 5 

6 

50 m x 20 m Plot - Coarse Woody Debris (CWD) 

<10% of benchmark number or total length of CWD 0 

>/= 10 to <50% or >200% of benchmark number or total length of CWD 2 

>=50% or <=200% of benchmark number or total length of CWD 5 

7* 

20 m x 20 m Plot - Native Plant Species Richness 

<25% of benchmark number of species 0 

>=25% to 90% of benchmark number of species 10 

>=90% of benchmark number of species 20 

8** 

20 m x 20 m Plot - Non-native Plant Cover 

> 75% of benchmark non-native plants cover 0 

> 50 – 75% of benchmark non-native plants cover 3 

>=25 – 50% of benchmark non-native plants cover 5 

< 25% of benchmark non-native plants cover 10 
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Attribute # Description Score 

9 

1 m x 1 m Quadrats - Native Perennial Grass Cover 

<10% of benchmark native perennial (or preferred and intermediate) grass cover 0 

>=10 to 50% of benchmark native perennial (or preferred and intermediate) grass cover 1 

>=50 – 90% of benchmark native perennial (or preferred and intermediate) grass cover 3 

>=90% of benchmark native perennial (or preferred and intermediate) grass cover 5 

10 

1 m x 1 m Quadrats - Organic Litter 

<10% of benchmark organic litter 0 

>/= 10 to <50% or >200% of benchmark organic litter 3 

>=50% or <=200% of benchmark organic litter 5 

Note: *Each life form is given a maximum score of 5 and there are four life forms.  The benchmark attributes and 

scoring system has been amended and it is different from the BioCondition benchmark score system.  The attribute 

score is calculated using a) the number of each lifeform species that are the same as those lifeform species in the 

reference community and b) the total number of species recorded in the two analogue sites, rather than using a) the 

number of species in each lifeform (similar or not) and b) the average number of species recorded in the analogue sites.  

**This benchmark attribute has been scored differently from the BioCondition benchmark score system; the score is 

calculated based on the cover of the weed species located in the analogue (benchmark) 20 m x 20 m plots rather than 

on the proportion of total vegetation cover comprised by weed species in the analogue 20 m x 20 m plots.  These 

changes have been made to allow for a) the fact that newly rehabilitated areas are being monitored and not existing 

remnants of vegetation, b) because not all of the 85 or 84 species recommended for use on the waste dump domains 

have been sown – and those that have been sown may not be those on BGPA’s list, c) weeds were recorded in the 

analogue plots because the plots are in areas that have been disturbed by farming and mining in the past. 

 

Table A1.2: Attribute weightings (Eyre et. al., 2011) 

Attribute # Site-based Condition Attributes Weighting 

1 Large trees 15 

2 Tree canopy height 5 

3 Recruitment of canopy species 5 

4 Tree canopy cover (%) 5 

5 Shrub layer cover (%) 5 

6 Coarse woody debris 5 

7 Native plant species richness 20 

8 Non-native plant cover 10 

9 Native perennial grass cover (%) 5 

10 Litter cover 5 

Maximum possible score 80 

Note: the individual attribute weighting is the highest score achievable in Table A1.1. 

 



Sinosteel Midwest Corporation Limited: Blue Hills Rehabilitation and Erosion Monitoring Program, Spring 2018 Assessment 

maia Page 41 

APPENDIX 2: BIOCONDITION SITE AND EROSION TRANSECT LOCATIONS 

Table A2.1: Site locations (GDA94, MGA50) 

Rehabilitation monitoring sites 

ID Type Easting 
(m E) 

Northing 
(m N) 

ID Type Easting 
(m E) 

Northing 
(m N) 

BH12AR1 Analogue site 487851 6776525 BHD2R1 Rehabilitation site 488601 6775888 

BH12AR1 Analogue site 487886 6776523 BHD2R1 Rehabilitation site 488602 6775846 

BH12AR1 Analogue site 487882 6776424 BHD2R1 Rehabilitation site 488501 6775833 

BH12AR1 Analogue site 487834 6776426 BHD2R1 Rehabilitation site 488550 6775839 

BH12AR1 Analogue site 487862 6776495 BHD2R1 Rehabilitation site 488550 6775853 

BH12AR1 Analogue site 487863 6776483 BHD2R1 Rehabilitation site 488540 6775853 

BH12AR1 Analogue site 487871 6776482 BHD2R1 Rehabilitation site 488539 6775871 

BH12AR1 Analogue site 487870 6776464 BHD2R1 Rehabilitation site 488550 6775871 

BH12AR1 Analogue site 487861 6776463 BHD2R1 Rehabilitation site 488548 6775885 

BH12AR1 Analogue site 487859 6776448 BHD2R1 Rehabilitation site 488499 6775881 

BH12AR1 Analogue site 487850 6776461 BHD2R1 Rehabilitation site 488559 6775870 

BH12AR1 Analogue site 487851 6776482 BHD2R1 Rehabilitation site 488559 6775853 

BH12AR2 Analogue site 488918 6776882 BHD4R1 Rehabilitation site 486950 6776278 

BH12AR2 Analogue site 489015 6776873 BHD4R1 Rehabilitation site 487050 6776290 

BH12AR2 Analogue site 488993 6776851 BHD4R1 Rehabilitation site 487059 6776242 

BH12AR2 Analogue site 488976 6776852 BHD4R1 Rehabilitation site 486959 6776229 

BH12AR2 Analogue site 488976 6776841 BHD4R1 Rehabilitation site 487009 6776236 

BH12AR2 Analogue site 489015 6776824 BHD4R1 Rehabilitation site 487017 6776250 

BH12AR2 Analogue site 488958 6776861 BHD4R1 Rehabilitation site 487008 6776250 

BH12AR2 Analogue site 488957 6776842 BHD4R1 Rehabilitation site 486998 6776249 

BH12AR2 Analogue site 488959 6776853 BHD4R1 Rehabilitation site 486993 6776269 

BH12AR2 Analogue site 488944 6776853 BHD4R1 Rehabilitation site 487003 6776271 

BH12AR2 Analogue site 488979 6776860 BHD4R1 Rehabilitation site 487002 6776284 

BH12AR2 Analogue site 488921 6776828 BHD4R1 Rehabilitation site 487012 6776271 

BHD2E1-R1 Erosion transect 488382 6775975 BHD4E1-R1 Erosion transect 487083 6776368 

BHD2E1-R1 Erosion transect 488406 6775965 BHD4E1-R1 Erosion transect 487088 6776343 

BHD2E1-R1 Erosion transect 488427 6775955 BHD4E1-R1 Erosion transect 487084 6776322 

BHD2E1-R2 Erosion transect 488350 6775910 BHD4E1-R2 Erosion transect 487108 6776370 

BHD2E1-R2 Erosion transect 488372 6775899 BHD4E1-R2 Erosion transect 487111 6776344 

BHD2E1-R2 Erosion transect 488396 6775888 BHD4E1-R2 Erosion transect 487114 6776319 

BHD2E1-R3 Erosion transect 488333 6775875 BHD4E1-R3 Erosion transect 487144 6776365 

BHD2E1-R3 Erosion transect 488355 6775865 BHD4E1-R3 Erosion transect 487144 6776348 

BHD2E1-R3 Erosion transect 488380 6775854 BHD4E1-R3 Erosion transect 487147 6776323 

Note: ID = site identifier/name. 
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APPENDIX 3: BIOCONDITION ANALYSES 

Table A3.1: 2018 BioCondition analyses 

  WEC / Bennett - FCT 12 / Arr 

Attribute # Attribute Description BHD2R1 (ME) BHD4R1 (MW) FCT 12 & Arr Benchmark 

1 

Large Tree per hectare threshold based DBH - Eucalypt 0 0   

Large Tree per hectare threshold based DBH - Non-eucalypt 0 0   

Large Tree per hectare threshold based DBH - Total 0 0   

Percentage of Community Benchmark 0 0   

SCORE 0 0   

Community Benchmark - No. Large Trees per Hectare     26 

2 

Median Canopy Height - Emergent (m) 0 0   

Median Canopy Height - EDL (m) 0 1.05   

Median Canopy Height - Sub-canopy (m) 0 0   

Percentage of Community Benchmark - Emergent 0 0   

Percentage of Community Benchmark - EDL 0 35.00   

Percentage of Community Benchmark - Sub-canopy 0 0   

Emergent SCORE 5 5   

EDL SCORE 0 3   

Sub-canopy SCORE 5 5   

Average Score 3.33 4.33   

Community Benchmark - Emergent Height (m)     0 

Community Benchmark - EDL Height (m)     3 

Community Benchmark - Sub-canopy Height (m)     0 

3 

Number of Dominant Species 0 0   

Number of Dominant Species regenerating 0 0   

Percentage of Dominant Species regenerating (%) 0 0   

Percentage of Community Benchmark 0 0   

SCORE 0 0   

Community Benchmark - % of Dom. Species Regen.     85 
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Attribute # Attribute Description BHD2R1 BHD4R1 FCT 12 & Arr Benchmark 

4 

Tree canopy cover (Total cm) 0 0   

Tree canopy cover (% of 50 m tape) 0 0   

Percentage of Community Benchmark 0 0   

SCORE 0 0   

Community Benchmark - Tree Canopy Cover (%)     1 

5 

Shrub layer cover (Total cm) 434 1814   

Shrub layer cover (% of 50 m tape) 8.68 36.28   

Percentage of Community Benchmark 18.08 75.58   

SCORE 3 5   

Community Benchmark - Shrub Cover (%)     48 

6 

Total CWD (metres) 0.7 4.05   

Total CWD per hectare (ha) 7.00 40.50   

Percentage of Community Benchmark 14 83   

SCORE 2 5   

Community Benchmark - CWD (m²) per ha     49 

7 

Forbs (number shared) 3 4   

Grasses (number shared) 0 0   

Shrubs (number shared) 3 4   

Trees (number shared) 3 3   

Percentage of Community Benchmark-Forbs 13.04 17.39   

Percentage of Community Benchmark-Grasses 0 0   

Percentage of Community Benchmark-Shrubs 13.33 0   

Percentage of Community Benchmark-Trees 50.00 50.00   

SCORE-Forbs 0 0   

SCORE-Grasses 0 0   

SCORE-Shrubs 0 0   

SCORE-Trees 2.5 2.5   

TOTAL SCORE for SPP RICHNESS 2.5 2.5   

Community Benchmark - Number of Forb Taxa     23 

Community Benchmark - Number of Grass Taxa     1 

Community Benchmark - Number of Shrub Taxa     15 

Community Benchmark - Number of Tree Taxa     6 
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Attribute # Attribute Description BHD2R1 BHD4R1 FCT 12 & Arr Benchmark 

8 

Non-native plant cover (% of a 20 m x 20 m quadrat) 0 0.52   

Percentage of Community Benchmark 0 52   

SCORE 10 3   

Community Benchmark - Non-native plant cover (%)     1 

9 

Plot 1 (%) 0 0   

Plot 2 (%) 0 0   

Plot 3 (%) 0 0   

Plot 4 (%) 0 0   

Plot 5 (%) 0 0   

Average Native Perennial Grass Cover (%) 0 0   

Percentage of Community Benchmark 0 0   

SCORE 5 5   

Community Benchmark - Native Perennial Grass Cover (%)     0 

10 

Plot 1 (%) 5 5   

Plot 2 (%) 2 8   

Plot 3 (%) 1 4   

Plot 4 (%) 5 8   

Plot 5 (%) 7 3   

Average Organic Litter Cover (%) 4.00 5.60   

Percentage of Community Benchmark 18.18 25.45   

SCORE 3 3   

Community Benchmark - Organic Litter Cover (%)     22 

Total Score for all Attributes 28.83 27.83   

BioCondition Score 0.36 0.35  

Note: No. = number, EDL = ecologically dominant layer, Dom. =-dominant, Regen. = regenerating, ME = Mungada East waste dump, MW = Mungada West waste dump. 
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APPENDIX 4: DOMAINS 2 AND 4 PHOTOGRAPHS – 2015, 2017 AND 2018 
 

Table A4.1: Photographs of rehabilitation monitoring sites BHD2R1 and BHD4R1 at Domains 2 and 4 – 2015, 2017 and 2018 

2015 2017 2018 

Domain 2, BHD2R1 – looking SW 

   
Domain 2, BHD2R1 – looking NW 

   
Domain 4, BHD4R1 – looking SW 
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2015 2017 2018 

Domain 4, BHD4R1 – looking NW 
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Table A4.2: Photographs of erosion on hillslope along Domain 2 - 2017 

Photographs moving from left to right along Domain 2 (taken using Solocator (2017)) 
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Photographs moving from left to right along Domain 2 (taken using Solocator (2017)) 
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Photographs moving from left to right along Domain 2 (taken using Solocator (2017)) 

 
 

 

Table A4.3: Photographs of erosion on hillslope along Domain 2 - 2018 

Photographs of erosion gullies and rills at Domain 2 (taken using Solocator (2018)) 
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Photographs of erosion gullies and rills at Domain 2 (taken using Solocator (2018)) 
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Photographs of erosion gullies and rills at Domain 2 (taken using Solocator (2018)) 
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Photographs of erosion gullies and rills at Domain 2 (taken using Solocator (2018)) 
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Photographs of erosion gullies and rills at Domain 2 (taken using Solocator (2018)) 
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Photographs of erosion gullies and rills at Domain 2 (taken using Solocator (2018)) 
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Photographs of erosion gullies and rills at Domain 2 (taken using Solocator (2018)) 
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Photographs of erosion gullies and rills at Domain 2 (taken using Solocator (2018)) 
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Table A4.4: Photographs of erosion on hillslope along Domain 4 - 2017 

Photographs moving from left to right along Domain 4 (taken using Solocator (2017)) 
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Photographs moving from left to right along Domain 4 (taken using Solocator (2017)) 
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Photographs moving from left to right along Domain 4 (taken using Solocator (2017)) 
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Table A4.5: Photographs of erosion on hillslope along Domain 4 - 2018 

Photographs of erosion gullies and rills at Domain 4 (taken using Solocator (2018) 
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Photographs of erosion gullies and rills at Domain 4 (taken using Solocator (2018) 
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APPENDIX 5: RECOMMENDED RESTORATION SPECIES LIST 

Table A5.1: Species likely to be suitable for vegetation of restoration of waste rock dumps at Mungada East and 
West (BGPA, 2015) 

Family Taxa Life form Restoration target group (%) 
Mungada West Mungada East 

Aizoaceae Gunniopsis glabra perennial herb 55%   

Amaranthaceae Ptilotus obovatus shrub 80% 80% 

Apiaceae Daucus glochidiatus annual or 
perennial herb 

  60% 

Apiaceae Xanthosia kochii shrub 80%   

Apocynaceae Vincetoxicum lineare* shrub or climber 55% 80% 

Araliaceae Trachymene cyanopetala annual herb   60% 

Araliaceae Trachymene ornata annual herb  80% 80% 

Asparagaceae Arthropodium dyeri perennial herb  80% 60% 

Asparagaceae Thysanotus manglesianus twining perennial 
herb 

80% 80% 

Asparagaceae Thysanotus pyramidalis perennial herb   60% 

Asteraceae Bellida graminea annual herb 55%   

Asteraceae Blennospora drummondii annual herb   60% 

Asteraceae Brachyscome perpusilla annual herb   60% 

Asteraceae Calocephalus multiflorus annual herb  80% 60% 

Asteraceae Calotis hispidula annual herb 55% 60% 

Asteraceae Calotis sp. Perrinvale Station (R. J. 
Cranfield 7096) (P3) 

annual herb   60% 

Asteraceae Cephalipterum drummondii annual herb  80%   

Asteraceae Gilruthia osbornii annual herb 55% 60% 

Asteraceae Lawrencella davenportii annual herb 55%   

Asteraceae Lawrencella rosea annual herb  80% 80% 

Asteraceae Millotia myosotidifolia annual herb  80%   

Asteraceae Myriocephalus guerinae annual herb  80% 80% 

Asteraceae Myriocephalus rudallii annual herb 55% 60% 

Asteraceae Olearia pimeleoides shrub 55%   

Asteraceae ‡ Podolepis canescens annual herb   60% 

Asteraceae Podolepis lessonii annual herb  80% 60% 

Asteraceae Rhodanthe battii annual herb 55% 80% 

Asteraceae Rhodanthe chlorocephala subsp. rosea annual herb  80% 80% 

Asteraceae Rhodanthe collina (P3) annual herb   60% 

Asteraceae Rhodanthe laevis annual herb   60% 

Asteraceae Rhodanthe manglesii annual herb  80% 60% 

Asteraceae Rhodanthe maryonii shrubby annual 
herb  

  80% 

Asteraceae Rhodanthe polycephala annual herb   60% 

Asteraceae Roebuckiella ciliocarpa annual herb 55% 60% 

Asteraceae Schoenia cassiniana annual herb 55%   

Asteraceae Waitzia acuminata var. acuminata annual herb  100% 80% 

Brassicaceae Stenopetalum anfractum annual herb   60% 

Brassicaceae Stenopetalum filifolium annual herb 55%   

Campanulaceae Lobelia winfridae annual herb 55% 60% 

Campanulaceae Wahlenbergia preissii annual herb   60% 
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Family Taxa Life form Restoration target group (%) 
Mungada West Mungada East 

Chenopodiaceae Maireana tomentosa subsp. tomentosa shrub 80%   

Chenopodiaceae Maireana trichoptera perennial herb 55%   

Chenopodiaceae Rhagodia drummondii shrub 55%   

Colchicaceae Wurmbea densiflora perennial herb   60% 

Crassulaceae Crassula colorata var. acuminata succulent annual 
herb 

55% 80% 

Dilleniaceae Hibbertia arcuata shrub 80% 100% 

Droseraceae Drosera macrantha perennial herb 
climber 

55%   

Ericaceae Astroloma serratifolium shrub   60% 

Euphorbiaceae Calycopeplus paucifolius shrub 55% 100% 

Fabaceae Acacia acanthoclada subsp. glaucescens shrub 55%   

Fabaceae Acacia acuminata shrub 80% 80% 

Fabaceae Acacia assimilis subsp. assimilis shrub 80% 80% 

Fabaceae Acacia aulacophylla shrub or tree 80% 80% 

Fabaceae Acacia burkittii shrub or tree 80%   

Fabaceae Acacia caesaneura shrub or tree 55% 80% 

Fabaceae Acacia effusifolia shrub or tree 80% 80% 

Fabaceae Acacia exocarpoides shrub 100% 80% 

Fabaceae Acacia incurvaneura shrub or tree 80% 60% 

Fabaceae Acacia murrayana shrub or tree   60% 

Fabaceae Acacia ramulosa var. ramulosa shrub or tree 100% 100% 

Fabaceae Acacia sibina shrub or tree 55% 80% 

Fabaceae Acacia tetragonophylla shrub 80% 60% 

Fabaceae Acacia woodmaniorum (T) shrub   60% 

Fabaceae Mirbelia sp. Bursarioides (T.R. Tally 760) shrub 80% 80% 

Fabaceae Senna artemisioides subsp. petiolaris shrub 55% 60% 

Geraniaceae Erodium cygnorum annual or 
perennial 

  80% 

Goodeniaceae Goodenia berardiana annual herb  80% 60% 

Goodeniaceae Goodenia occidentalis annual herb 55% 60% 

Goodeniaceae Scaevola spinescens shrub 80%   

Goodeniaceae Velleia cycnopotamica annual herb   60% 

Goodeniaceae Velleia hispida annual herb   60% 

Goodeniaceae Velleia rosea annual herb  100% 60% 

Haloragaceae Gonocarpus nodulosus annual herb 55% 60% 

Lamiaceae Prostanthera patens shrub 80% 80% 

Malvaceae Sida calyxhymenia shrub 55%   

Myrtaceae Aluta aspera subsp. hesperia shrub 55% 80% 

Myrtaceae Eucalyptus ewartiana mallee   80% 

Myrtaceae Melaleuca leiocarpa shrub 55% 60% 

Myrtaceae Melaleuca nematophylla shrub 80% 80% 

Myrtaceae Micromyrtus acuta (P3) shrub   60% 

Myrtaceae Micromyrtus racemosa shrub 80%   

Myrtaceae Micromyrtus trudgenii (P3) shrub 80% 60% 

Phormiaceae Dianella revoluta var. divaricata perennial herb 80%   

Plantaginaceae Plantago debilis annual or 
perennial herb 

55% 60% 

Poaceae Austrostipa elegantissima perennial grass 80%   

Poaceae Austrostipa nodosa grass   60% 
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Family Taxa Life form Restoration target group (%) 
Mungada West Mungada East 

Poaceae Austrostipa scabra perennial grass 55% 60% 

Poaceae Austrostipa trichophylla perennial grass 55%   

Poaceae Lachnagrostis filiformis annual grass 55%   

Poaceae Lachnagrostis plebeia annual grass   60% 

Poaceae Monachather paradoxus perennial grass 55% 60% 

Poaceae Rytidosperma caespitosum grass 55% 80% 

Portulacaceae Calandrinia eremaea annual herb 55%   

Proteaceae Grevillea obliquistigma subsp. 
obliquistigma 

shrub 55% 100% 

Proteaceae Hakea recurva subsp. recurva shrub or tree 80% 80% 

Proteaceae Persoonia manotricha shrub 55%   

Proteaceae Persoonia pentasticha (P3) shrub   60% 

Pteridaceae* Cheilanthes adiantoides perennial fern   60% 

Pteridaceae Cheilanthes austrotenuifolia perennial fern  80% 80% 

Pteridaceae Cheilanthes sieberi subsp. sieberi perennial fern  80%   

Rutaceae Drummondita fulva (P3) shrub 80% 60% 

Rutaceae Drummondita microphylla shrub   80% 

Rutaceae Philotheca brucei subsp. brucei shrub 100% 100% 

Rutaceae Philotheca sericea shrub 80% 80% 

Santalaceae Santalum acuminatum shrub or tree 55%   

Santalaceae Santalum spicatum shrub 55%   

Sapindaceae Dodonaea inaequifolia shrub 80% 80% 

Sapindaceae Dodonaea viscosa subsp. spatulata shrub   60% 

Scrophulariaceae Eremophila clarkei shrub 80% 100% 

Scrophulariaceae Eremophila latrobei subsp. latrobei shrub 100% 100% 

Solanaceae Solanum lasiophyllum shrub 55% 60% 

Solanaceae Solanum nummularium shrub 80%   

Stylidiaceae Stylidium sp.   80%   

Notes: Source – BGPA (2015).  T = Threatened species, P3 = Priority 3 species; Mungada East = Mungada East (ME) waste dump, 

Mungada West = Mungada West (MW) waste dump.  Columns 4 to 5 - dark green shaded cell = very common species in the 100% 

restoration target group; mid green shaded cell = common species in the 80% restoration target group; white cell = uncommon 

species in either a 55% (MW) or 60% (ME) restoration target group; grey shaded cell = taxon not on list of taxa recommended for 

restoration at either MW or ME.  

* Family name change from Adiantaceae to Pteridaceae; species name change from Rhyncharrhena linearis to Vincetoxicum lineare. 

‡ = Podolepis canescens no longer exists in WA according to FloraBase (WAH, 1998-), at Blue Hills it is most likely to be Podolepis 

aristata subsp. aristata (Jeanes, J.A., 2015). 
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APPENDIX 6: SPECIES SOWN AND RECORDED IN 2018 

Table A6.1: Species sown (S) and recorded (P) at rehabilitated areas 

Species Sown Domain 2 (Mungada 
East) recorded 
(BHD2R1*) 2018 

Domain 4 (Mungada 
West) recorded 
(BHD4R1*) 2018 

Acacia acuminata S P2 P2 

Acacia aneura S     

Acacia anthochaera S P2 P 

Acacia assimilis S     

Acacia assimilis subsp. assimilis S P P2 

Acacia burkittii S   P 

Acacia caesaneura S     

Acacia colletioides S     

Acacia coolgardiensis S     

Acacia coolgardiensis var. effusa S     

Acacia erinacea S     

Acacia exocarpoides S P   

Acacia longiphyllodinea S     

Acacia microbotrya S P1   

Acacia murrayana S P P2 

Acacia neurophylla S     

Acacia obtecta S     

Acacia ramulosa S     

Acacia ramulosa subsp. ramulosa S P2 P 

Acacia ramulosa var. linophylla S     

Acacia sclerosperma S     

Acacia sibina S P2 P 

Acacia sp. S     

Acacia sp. 4 
 

P   

Acacia tetragonophylla S     

Allocasuarina acutivalvis subsp. prinsepiana S     

Atriplex amnicola S     

Atriplex bunburyana 
 

  P 

Atriplex codonocarpa S P P 

Atriplex isatidea S     

Atriplex nummularia 
 

  P 

Atriplex semilunaris S P   

Austrostipa eremophila 
 

P   

Austrostipa scabra S     

Brachychiton gregorii S     

Callitris columellaris ex glaucophylla S     

Calycopeplus paucifolius 
 

P   

Cephalipterum drummondii 
 

  P 

Codonocarpus cotinifolius S     

Dodonaea petiolaris S     

Enchylaena lanata 
 

  P 

Enchylaena tomentosa S   P 
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Species Sown Domain 2 (Mungada 
East) recorded 
(BHD2R1*) 2018 

Domain 4 (Mungada 
West) recorded 
(BHD4R1*) 2018 

Eremophila sp. S     

Erodium cygnorum 
 

P   

Eucalyptus ewartiana S   P1 

Eucalyptus leptopoda S     

Eucalyptus leptopoda subsp. arctata S     

Eucalyptus loxophleba S     

Eucalyptus loxophleba subsp. supralaevis S     

Gilruthia osbornii 
 

  P 

Goodenia micrantha 
 

P   

Grevillea obliquistigma 
 

P   

Maireana georgei S P   

Maireana tomentosa S P P 

Maireana triptera S     

Melaleuca hamata S     

Melaleuca leiocarpa S     

Melaleuca nematophylla S     

Myriocephalus guerinae S P   

Myriocephalus sp. 
 

  P 

Ptilotus gaudichaudii S     

Ptilotus exaltatus S P P 

Ptilotus obovatus S     

Ptilotus polystachyus 
 

  P 

Rhodanthe chlorocephala subsp. rosea S     

Salsola australis 
 

P P 

Santalum acuminatum S     

Santalum spicatum S     

Sclerolaena densiflora 
 

P   

Senna artemisioides S     

Senna artemisioides subsp. filifolia S     

Senna artemisioides subsp. x artemisioides S     

Senna charlesiana S     

Senna sp. Austin S     

Sida arenicola S     

Sida calyxhymenia S     

Solanum lasiophyllum S     

Stenopetalum salicola 
 

  P 

Trachymene ornata 
 

P   

Velleia rosea 
 

  P 

Waitzia acuminata var. acuminata 
 

  P 

Total sown/present 62 23 23 

Number of sown taxa recorded 14 12 

Percentage of sown taxa recorded 22.6 19.4 
Notes: * = includes species from 20 m x 20 m quadrat and tree species in 100 m x 50 m plot that were not recorded in the 20 m x 

20 m quadrat, S = sown, P = present, P1 = present but the plant identity cannot be fully confirmed to species, P2 = tree species 

recorded in 100 m x 50 m plot which was not recorded in 20 m x 20 m quadrat, cells highlighted grey indicate sown species also 

recorded in rehabilitation area.  Orange cells = species present but are not on the list of sown species. ^ Name change from Ptilotus 

nobilis to Ptilotus exaltatus. 
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This document presents the 2018 results of a rehabilitation and erosion monitoring program set up on areas 
rehabilitated on Sinosteel Midwest Corporation Limited’s (SMC) mining tenements at Koolanooka.  Four 
rehabilitation monitoring sites were established and assessed in September 2013 and reassessed in September 
2014.  Six additional sites were established and assessed along with the four existing sites in September 2015 and 
all 10 sites were reassessed in September 2017.  One additional site was established in 2018 and therefore 11 sites 
were assessed in late September / early October 2018. 
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Acronyms and Abbreviations 

ATA Alan Tingay and Associates 

BAM Act Biosecurity and Agriculture Management Act 2007 

BGPA Botanic Gardens and Parks Authority 

BioCondition An assessment framework for ecosystem function 

BoM Bureau of Meteorology 

BOO Best on Offer 

C Community 

cm Centimetre 

CSF Conservation significant flora 

CWD Coarse woody debris 

D Domain 

DAFWA Department of Agriculture and Food, Western Australia 

DBCA Department of Biodiversity, Conservation and Attractions 

DBH Diameter at breast height 

Domain 2a or D2a Eastern section of Domain 2 

Domain 2b or D2b Western section of Domain 2 

DPaW Department of Parks and Wildlife, Western Australia 

DPIRD Department of Primary Industries and Regional Development, Western Australia 

EDL Ecologically dominant layer 

EPA Environmental Protection Authority, Western Australia 

F Footslope 

GDA94 Geocentric Datum of Australia 1994 

GPS Global Positioning System 

ha Hectare 

IBRA Interim Biogeographic Regionalisation for Australia 

ID Identifier 

KA3R1-R2 Koolanooka analogue site in DPaW Community 3, replicate 1 to 2 

KA4R1-R2 Koolanooka analogue site in DPaW Community 4, replicate 1 to 2 

KA5R1-R2 Koolanooka analogue site in DPaW Community 5, replicate 1 to 2 

KA15R1-R2 Koolanooka analogue site in ATA Community 15, replicate 1 to 2 

KD1R1-R4 Koolanooka Domain 1 rehabilitation sites, replicates 1 to 4 

KD2R1-R4 Koolanooka Domain 2 rehabilitation sites, replicates 1 to 4 

KD3R1-R2 Koolanooka Domain 3 rehabilitation sites, replicates 1 to 2 

KD4R1 Koolanooka Domain 4 rehabilitation site, replicate 1 

KD2E1-E2 Koolanooka Domain 2 erosion monitoring sites, replicate 1 to 2 

kg Kilogram 

km Kilometre 

KOOL DPaW’s Koolanooka sites 

m Metre 

M Midslope 

Maia Maia Environmental Consultancy Pty Ltd 

MCP Mine closure plan 

m E Easting 

MGA50 Map Grid of Australia, zone 50 

mm Millimetre 
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m N Northing 

MS Ministerial Statement 

P Present 

RMP Rehabilitation monitoring plan 

S Sown 

SMC Sinosteel Midwest Corporation Limited 

sp. Species, singular 

spp. Species, multiple 

subsp. Subspecies 

TEC Threatened ecological community 

U U shape rill or upperslope 

V V shape rill 

var. Variety 

WA Western Australia 

WAOL Western Australian Organism List 

WMC Western Mining Corporation 

# Number 

< Less than 

> Greater than 

% Percent 

= Equal to 
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Summary 

A Rehabilitation Monitoring Plan was developed to address selected clauses in condition 13 (Rehabilitation and 

Mine Closure) of MS 811 issued under the Environmental Protection Act 1986 (WA) for the project, and relevant 

sections of the Mine Closure Plan developed for Koolanooka (SMC, 2012).  It was designed to answer seven main 

questions.  These seven questions are listed in dot points below and each is discussed with respect to the results 

of the 2018 monitoring program. 

• Does the re-established vegetation have not less than 70% (not including weed species) of the known original 

species diversity? (to be met within five years following the cessation of productive mining). 

o Based on the data presented in this report species diversity at all of the domains is below 70% of 

the original known species diversity in the surrounding vegetation communities.  It will 

undoubtedly increase over the coming years (as over the past three to five years) but it has not 

achieved the 70% target at the areas rehabilitated in 2013, which are now five years from the 

cessation of productive mining.  The 70% target will probably not be achieved at the areas 

rehabilitated in 2015, which will be five years old in 2020.  The highest similarities to the 70% 

species lists in 2018 were 48.4% for Domain 4 compared with DPaW community (C) 5 and 47.1% 

for Domain 3 compared with DPaW C3. 

• Is weed cover at rehabilitated areas no more than that in undisturbed bushland in the area or less than 10%, 

whichever is the lesser? (to be met within five years following the cessation of productive mining) 

o Weed cover at the three and five year old sites is no more than the average of that for the 

bushland in the surrounding area.  In addition to this, none of the weeds located in 2018 is a 

declared pest in WA. 

• Are the measures carried out to ensure that the final pit voids do not cause significant environmental impacts 

working effectively (re feral animals and significant flora populations in the area)? 

o Feral animals do not appear to be having any impact on the conservation significant flora species 

that have been recorded at some of the vegetation monitoring sites around the pit. 

• Is the rehabilitation performing as required? 

o BioCondition 

▪ The BioCondition assessment provides an indication of whether the vegetation in 

rehabilitated areas is performing as required i.e. the re-vegetation becoming similar to 

like vegetation in the surrounding area over time.  BioCondition scores (a maximum of 1) 

indicate the condition of an assessment area when benchmarked against (i.e. relative to) 

a reference / analogue community for the vegetation unit being assessed. 

▪ In 2018, the average BioCondition scores for the different domains were: Domain 1 

(three years old) 0.11 out of a maximum score of 1.0; Domain 2 (three years old) 0.24 

when benchmarked against DPaW C3 and 0.18 when benchmarked against DPaW C4; 

Domain 2 (five year old sites) 0.27 when benchmarked against DPaW C3 and 0.17 when 

benchmarked against DPaW C4; Domain 3 (five years old) 0.20 when benchmarked 

against ATA C15; Domain 4 in (five years old) 0.46, which is the highest BioCondition 

score for a site to date.  The average BioCondition score for the five year old sites (0.24 / 

0.19; C3 / C4 benchmarks) is a little higher than the average score for the three year old 

sites (0.19 / 0.18; C3 / C4 benchmark comparisons).  While BioCondition scores have not 

increased every year at all sites, they have all increased since they were first assessed. 

▪ As in previous years erosion gullies, many rills and some areas where water tends to 

pond were observed and photographed at Domain 2 and areas where water ponds on 
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Domain 1.  The erosion was inspected in 2017 and will be in future years.  Plant basal 

surface cover was higher in 2018 than in 2013 at all transects at both sites (ranging 

between 1.7% and 10.6% in 2018 and 0.3% and 1.5% in 2013); although it decreased 

between 2017 and 2018 at the lower transect at both sites.  As plant basal surface cover 

increases with time soil surface stability should improve.  The cover of rocks with a 

diameter > 10 cm was low, less than 1% along all transects therefore rocks are not 

armouring and stabilising the soil surface. 

o Shrub cover, species richness and plant number 

▪ Shrub species richness and cover data collected along transects assessed in areas 

rehabilitated in 2010, 2012, 2013 and 2015 were compared.  Shrub species richness was 

higher at the two older Domain 2 areas seeded in 2010 and 2012 (9 and 14 respectively) 

and at the Domain 4 area seeded in 2015 (11 species) than at the other areas 

rehabilitated in 2013 and 2015. 

▪ Shrub species cover was higher at the older areas rehabilitated in 2010 and 2012 (55.8% 

and 91.6% respectively) and at the Domain 4 site (46.9%) than at the other areas 

rehabilitated in 2013 and 2015. 

▪ Of the areas rehabilitated and sown in 2013, shrub cover was highest at Domain 2 

transects (average of 27.9%) and lowest along the Domain 3 transects (average of 5.4%).  

Shrub species richness was also highest at Domain 2 transects – an average richness of 

5.5 at Domain 2 sites and 3.5 at Domain 3 sites. 

▪ Of the areas rehabilitated and sown in 2015, shrub cover was highest at the Domain 2 

sites (24.1% average) and lowest at the Domain 1 sites (16.9% average).  An average of 

3.3 species was located along the Domain 1 transects and 2.5 at Domain 2. 

▪ Species richness was lowest at the Domain 2 sites seeded in 2015, mostly because only 

one species was recorded at KD2R3.  Shrub cover was lowest at the five year old Domain 

3 sites - even lower than at the three year old sites. 

▪ The number of seedlings and juveniles of shrub species located within the 100 m by 50 m 

plot at the rehabilitation sites established in 2013 had increased a little since 2017.  The 

average increase at Domain 3 sites was higher than that at Domain 2 sites – 378 

compared with 4 plants.  Shrub seedling numbers at the six Domain 1 and Domain 2 sites 

established in areas seeded in 2015 have also increased since 2017 – Domain 1 sites have 

increased on average by 256 and Domain 2 sites by 123.  Between 2017 and 2018 plant 

numbers had decreased at four of the 10 sites on Domain 1, 2 and 3.  Plant numbers at 

Domain 4 are higher than at any other site (when calculated for 0.5 ha). 

o Species lists 

▪ The species list compiled for each domain from the rehabilitation sites assessed in 2018 

was compared with the list of species sown over each domain / area. 

▪ Approximately 27% of the species sown in 2013 over section 2a of Domain 2 was 

recorded in 2018, 50% of the species sown over section 2b and 65% of those sown over 

Domain 3. 

▪ Approximately 26% of the species sown in 2015 over Domain 1 were recorded and 20% 

of the species sown over Domain 2b. 

▪ Approximately 56% of the species sown over Domain 4 in 2015 were recorded in 2018. 

▪ Approximately 70% of the species recorded in 2018 at the Domain 2a site seeded in 2013 

were not sown over the area and must have come from the topsoil or via animals, wind 
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or water bringing the seed to site.  Similarly, approximately 59% of the species recorded 

at the Domain 2b site seeded in 2013 and 65% of those at the Domain 3 sites were not 

sown over those areas. 

▪ Approximately 50% of the species recorded in 2018 at the Domain 2b sites seeded in 

2015 were not sown over the area, 62% of the species recorded at the Domain 1 sites 

seeded in 2015 and 48% of the species recorded at Domain 4. 

▪ At each domain more species are germinating from the seed mix sown over the different 

areas each year and also from the topsoil seed bank.  These percentages should continue 

to increase with time as the seed of some species may take longer to germinate, or 

require different conditions for germination, than others and other seed could be 

transported to the area. 

• Does the rehabilitation meet completion criteria? 

o The rehabilitation at the five year old and three year old sites does not currently meet the 

completion criterion relating to species diversity, as species diversity is less than 70% of the 

original known species for each of the rehabilitation domains. 

• Is it likely that the rehabilitation area will develop adequately if allowed to continue, or is intervention 

required? 

o Based on the change in BioCondition scores (and other parameters discussed in this report) over 

the past five / three years, it is likely that similar positive changes will occur over the coming 

years.  More detailed analysis of the species diversity desired, the species originally sown and 

those recorded on the rehabilitated areas will probably indicate whether reseeding or tubestock 

planting of some species will be required to achieve current species diversity completion criteria 

and to ensure that a proportion of the very common, common and uncommon species are 

present in the rehabilitated areas.  Based on the past and 2018 results it is still unlikely that 

KD1R1 and KD2R3 will develop adequately without some intervention. 

• Does the data collected at analogue sites indicate some revision of closure targets is required? 

o Data collected at the analogue sites for each community (1 ha assessed per community) 

produced a species list of 52 for DPaW C3, 48 for DPaW C4, 40 for DPaW C5 and 29 for ATA C15 

(excluding weed species).  The species lists generated by BGPA for DPaW C3 comprised 104 

species, DPaW C4, 44 species and DPaW C5, 45 species.  However, these species lists were 

collated from different sized areas (e.g. the DPaW C5 species list included species located in a 

10 ha area).  Diversity at the two analogue plots assessed in DPaW C4 and C5 is similar to that on 

BGPA’s species lists for those communities, while BGPA’s species list for DPaW C3 was much 

higher than that from the analogue plots assessed in that community.  A revision of the species 

diversity closure target for DPaW C3 might be warranted given the non-standard areas from 

which the closure targets were derived. 

o Weed cover at the analogue plots was 5% at one plot and less than 1% at the remainder.  A target 

of 1% is very low for weed cover and it would be reasonable for the target to be increased to 5%. 
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Sinosteel Midwest Corporation: Koolanooka Rehabilitation and 
Erosion Monitoring Program, Spring 2015 

1 INTRODUCTION 

1.1  PROJECT APPROVALS  

Sinosteel Midwest Corporation Limited (SMC) was granted approval to mine hematite ore at Koolanooka (on the 

Koolanooka Hills) and at Mungada West and Mungada East (part of the Blue Hills Range).  SMC’s project approvals 

documentation included mines and associated infrastructure at Koolanooka Hills and at Mungada West and 

Mungada East and reinstatement of the Mungada Haul Road (Environmental Protection Authority; EPA, 2009). 

The project was assessed under Part IV of the Environmental Protection Act 1986 (Western Australia, WA) and 

Ministerial Statement (MS) 811 was released approving the project subject to conditions (EPA, 2009). 

1.2  REHABILITATION MONITORING PLAN  

A rehabilitation monitoring plan (RMP) was prepared for areas to be rehabilitated at SMC’s mining tenements at 

Koolanooka (Maia, 2013a).  The RMP describes the way in which vegetation and erosion monitoring is to be 

carried out in areas rehabilitated at Koolanooka in order to comply with ministerial conditions associated with the 

project and also to fulfil project completion requirements. 

The RMP describes methods to be used to monitor the vegetation and selected physical characteristics at areas 

rehabilitated at Koolanooka and also at reference/analogue plots in the surrounding vegetation.  It also describes 

methods to be used to monitor erosion at areas rehabilitated at Koolanooka. 

1.3  SCOPE OF WORKS 

Maia Environmental Consultancy Pty Ltd (Maia) was contracted by SMC to carry out the spring 2018 assessment of 

the rehabilitation monitoring sites and erosion transects established and assessed as per the RMP at Koolanooka 

in spring 2013 (Maia, 2013b) and spring 2015 (Maia, 2015).  One new site was to be established and assessed in 

2018.  The scope of works was to: 

• Follow the methods detailed in the RMP to assess the rehabilitation and erosion monitoring sites 

established in spring 2013 and spring 2015; 

• Establish one new site in domain 4. 

• Prepare a report on the results of the spring 2018 monitoring program. 

1.4  PROJECT AREA LOCATION  

Koolanooka is located approximately 20 kilometres (km) east north-east of Morawa (Map 8.1, Section 8) in the 

Avon Wheatbelt 01 (Merredin) subregion of the Avon Wheatbelt bioregion in WA (Interim Biogeographic 

Regionalisation for Australia (IBRA) 7.0) (Atlas of Living Australia, 2017). 

Approximately 50% of SMC’s Koolanooka mining tenements (M70/1012, M70/1013 and M70/1014) fall within the 

boundaries of the Koolanooka Hills section of the Koolanooka System Threatened Ecological Community (TEC) 

(Map 8.1, Section 8). 

  



Sinosteel Midwest Corporation Limited: Koolanooka Rehabilitation and Erosion Monitoring Program, Spring 2018 Assessment 

maia Page 2 

1.5  PROJECT TEAM 

The survey and reporting tasks carried out for this project were undertaken by the team members listed in 

Table 1.1. 

Table 1.1: Project team 

Name Qualification Project role Flora license number (and 

expiry date) 

Christina Cox PhD Field survey and report SL012373 ( exp. April 2019) 

Scott Hitchcock BSc Field survey and plant 

identifications 

SL012372 ( exp. April 2019) 

Michael Pezzaniti MSc Field survey SL012332 (exp. March 2019) 

Rochelle Haycock BSc Report Not applicable 

Conrad Slee BSc Selected plant identifications Not applicable 
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2 BACKGROUND INFORMATION 

2.1  VEGETATION SURROUNDING THE MINE AT KOOLANOOKA 

The vegetation on and along both sides of the northern-most hill of the Koolanooka Hills was mapped into 31 

vegetation units by Alan Tingay and Associates (ATA, 2004).  Nine of these vegetation units occur around the mine 

and infrastructure areas at Koolanooka – vegetation units 1, 3, 6, 7, 8, 15, 25, 27 and 30 (Map 8.2, Section 8).  

Cleared areas (C) on Map 8.2, Section 8 indicate areas previously cleared for the old pit and associated 

infrastructure.  The nine vegetation units are described in Table 2.1. 

Table 2.1: Vegetation units mapped around the mine at Koolanooka (ATA, 2004) 

ATA vegetation 

unit number 

ATA vegetation unit description 

1 Closed tall scrub dominated by Acacia assimilis subspecies subsp. assimilis, Allocasuarina campestris 

and Melaleuca filifolia over herbland of mixed species and bare ground. 

3 Open woodland to shrub mallee of Eucalyptus ebbanoensis subsp. ebbanoensis over a tall open 

shrubland to tall open scrub of Acacia acuminata, Acacia exocarpoides, Acacia tetragonophylla, 

Hakea preissii and Melaleuca filifolia with scattered Allocasuarina huegeliana over a herbland 

dominated by Ptilotus obovatus var. obovatus. 

6 Tall shrubland dominated by Acacia acuminata and Allocasuarina campestris. 

7 Very open tree mallee to low open woodland of Eucalyptus oldfieldii subspecies (subsp.) oldfieldii and 

Allocasuarina huegeliana on buckshot iron. 

8 Tall open scrub of Grevillea integrifolia, Grevillea paradoxa, Acacia assimilis subsp. assimilis and 

Eremophila clarkei with scattered Eucalyptus leptopoda over a stony surface. 

15 Tall to tall open shrubland dominated by Acacia acuminata and Acacia aneura with scattered 

Eucalyptus loxophleba subsp. loxophleba. 

25 Shrubland to closed tall scrub of Acacia assimilis subsp. assimilis, Acacia ramulosa variety (var.) 

ramulosa, Grevillea integrifolia. 

27 Tall shrubland to open shrubland dominated by Acacia assimilis subsp. assimilis, Acacia burkittii, 

Acacia resinosa, Grevillea integrifolia and Hakea preissii. 

30 Tall shrubland to tall open scrub of Acacia aneura, Acacia assimilis subsp. assimilis, Grevillea 

integrifolia, Grevillea paradoxa and Allocasuarina campestris with scattered Eucalyptus loxophleba 

subsp. loxophleba and Eucalyptus leptopoda. 

 

The former Department of Parks and Wildlife (DPaW) (currently the Department of Biodiversity, Conservation and 

Attractions (DBCA)) carried out a survey along the Koolanooka and Perenjori Hills (Meissner and Caruso, 2008).  

The vegetation of six of the seven quadrats (Koolanooka (KOOL) 32, 33, 34, 35, 37 and 38) assessed along the 

north-western section of the Koolanooka Hills and closest to the mine at Koolanooka was differentiated into three 

vegetation communities – 3, 4 and 5 (Table 2.2).  The seventh site assessed in that area (KOOL 36) was excluded 

from the analysis as it was considered to be an outlier.  DPaW did not map the vegetation communities 

differentiated. 
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Table 2.2: Vegetation communities of the Koolanooka mine section of the Koolanooka Hills (Meissner and 
Caruso, 2008) 

DPaW 
community 
type 

Vegetation description Typical habitat DPaW 
floristic site 
number 

3 Open woodlands, shrublands and open shrublands of Allocasuarina 
species (spp.), Melaleuca nematophylla, and Calycopeplus paucifolius 
over a mixed shrubland of Dodonaea inaequifolia and Philotheca 
brucei subsp. brucei. 

Indicator species for this community are: Acacia exocarpoides, 
C. paucifolius, D. inaequifolia and P. brucei subsp. brucei. 

Midslopes and 
crests of 
Koolanooka 
and Perenjori 
Hills 

KOOL 32, 
34 

4 Shrublands and open shrublands of Allocasuarina spp., M. cordata, 
Hemigenia species (sp.) Paynes Find (A.C. Beauglehole 49138) and 
Mirbelia microphylla. 

Indicator species for this community are: Acacia stereophylla var. 
stereophylla, A. campestris, Drosera macrantha subsp. macrantha, 
Grevillea obliquistigma subsp. obliquistigma, H. sp. Paynes Find (A.C. 
Beauglehole 39138), Hibbertia arcuata, Melaleuca cordata, M. 
microphylla, Monachather paradoxus and Stypandra glauca. 

Mainly on low 
fertility lower 
slopes of 
Koolanooka 
Hills 

KOOL 33, 
35, 38 

5 Woodlands and mallee woodlands of Eucalyptus species (E. 
loxophleba, E. ebbanoensis or E. salmonophloia) over Acacia spp. and 
chenopods. 

Indicator species for this community are: Acacia andrewsii, Acacia 
erinacea, Austrodanthonia caespitosa, Austrostipa elegantissima, 
Enchylaena lanata, Maireana carnosa, M. georgei, Rhagodia 
drummondii, Scaevola spinescens, Sclerolaena diacantha, Senna 
charlesiana. 

Colluvial 
outwash soils 
and pockets of 
fertile soil 
from the 
ranges 

KOOL 37 

 

2.2  MINE CLOSURE PLAN ,  DOMAINS AND VEGETATION COMMUNITIES  

Closure implementation includes the division of the site into specific domains based on landforms or 

infrastructure that have similar rehabilitation, decommissioning and closure requirements/objectives.  Each 

domain was treated as a separate entity within SMC’s Mine Closure Plan (MCP) (SMC, 2012). 

Six domains were defined at Koolanooka and the closure works program for each domain was detailed in the MCP 

(SMC, 2012).  However, Domain 6 covers the pits (historical Western Mining Corporation (WMC)), current south-

fold and detritals, back fill and historic train load-out site and it will not be rehabilitated. 

Using ATA’s vegetation mapping (ATA, 2004), work carried out by the former DPaW (Meissner and Caruso, 2008) 

and data collected by Maia (at sites being assessed as part of a vegetation monitoring program established around 

the mine at Koolanooka (Maia, 2011)), Botanic Garden and Parks Authority (BGPA) science division defined the 

plant communities to be reinstated at the five domains to be rehabilitated at Koolanooka (Commander and 

Merino Martin, 2012). 

The rehabilitation domains are shown on Map 8.3 (Section 8) and the areas they cover are described in Table 2.3; 

the reference communities for each domain are also listed in Table 2.3.  Note that Domain 2 is divided into two 

areas, 2a and 2b (Map 8.3, Section 8). 
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Table 2.3: Domains with similar rehabilitation requirements and reference communities for each domain 
(Commander and Merino Martin, 2012) 

Domain Description Reference community 

1 Infrastructure and ore stockpile areas (flat 

ground) 

DPaW Community 5, Eucalyptus Low Open Woodland 

2 2a) waste dumps: south-fold and ultra-fines 

2b) waste dumps: detritals 

DPaW Community 3 (Allocasuarina Low Open 

Woodland) or 4 (adjacent to south-fold waste dump), 

Allocasuarina Low Open Woodland or Acacia High 

Open Shrubland 

3 Former waste dump footprint (flat ground) ATA Community 15, Acacia and Eucalyptus Tall 

Shrubland 

4 Environmental Offset Area (establish TEC 

vegetation) 

DPaW Community 3, Allocasuarina Low Open 

Woodland 

5 Historical WMC waste dump and public lookout 

site 

DPaW Community 3 or 4, Allocasuarina Low Open 

Woodland or Acacia High Open Shrubland 

6 Pits (historical WMC, current south-fold and 

detritals), back fill and historic train load-out 

site 

None required 
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3 MONITORING SITES, AREAS REHABILITATED, ANALOGUE SITES, SEED MIXES AND 

RAINFALL 

3.1  MONITORING SITES PROPOSED AND AREAS REHABILITATED  

The RMP developed for SMC’s rehabilitation areas includes a table showing the area covered by each domain and 

the number of monitoring sites anticipated to be established in each; this information along with the number of 

monitoring sites established to date is presented in Table 3.1. 

Table 3.1: Domains, areas and monitoring plots proposed (Maia, 2013a) 

Domain Description Area (ha) Number of monitoring sites 

anticipated / number of sites 

established to date 

1 Infrastructure and ore stockpile areas (flat ground) 35.75 3 / 4 

2 2a) waste dumps: south-fold and ultra-fines 

2b) waste dumps: detritals 

42.50 

(2a, 13.27; 2b 
29.23) 

4 / 4 (1 in 2a, 3 in 2b) 

3 Former waste dump footprint (flat ground) 2.75 2 / 2 

4 Environmental Offset Area (establish TEC vegetation) 7.91 2 / 1 

5 Historical WMC waste dump and public lookout site 14.84 2 / 0 ƍ 

6 Pits (historical WMC, current south-fold and detritals), 

back fill and historic train load-out site 

44.85 None required 

Total Area of Rehabilitation (ha) – excluding Domain 6 103.75 

Note: ƍ domain 5 has been rehabilitated but not assessed by Maia. 

Areas rehabilitated by SMC up to September 2018 are listed in Table 3.2.  Some of this information was supplied 

by SMC but Maia digitised the areas rehabilitated in 2015 as no shape files were available; therefore the 2015 

areas are approximate. 

Four rehabilitation monitoring sites were established in September 2013 (Maia, 2013b) and six in September 2015 

(Maia, 2015).  One new rehabilitation monitoring site was established in September 2018 on domain 4 which was 

seeded in May 2015. 

Table 3.2: Areas rehabilitated and monitored by Maia since 2013 

Domain Domains rehabilitated Date rehabilitated Date seeded Area (ha) 

1 Part of March-April 2015 March-April 2015 27.44 

2 2a Small area December 2010 Not seeded, top soil only 0.5 (approx.) 

2a Part of Jan 2012-March 2013 June 2013 4.0 

2a Part of March-April 2015 March-April 2015 1.44 

2b Small area September 2011 June 2012 0.7 

2b Part of Jan 2012-March 2013 May and June 2013 18.0 

2b Part of March-April 2015 March-April 2015 5.48 

3 All of 3 March 2013 8-12 April 2013 2.75 

4 Part of Not known May 2015 0.86 

5 All of 5 Information not available, this area is not being monitored by Maia 

6 No rehabilitation to be carried out in this domain 

Total (ha) 61.17 
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An erosion site sampling regime was also included in the RMP (Table 3.3). 

Table 3.3: Domain areas and number of erosion monitoring transects anticipated 

Domain Area (ha) Number of monitoring transects anticipated / number of transects 

established to date 

1 35.75 4 / area is flat and no erosion transects established 

2 42.50 4 / 2 

3 2.75 2 / area is flat and no erosion transects established 

4 7.91 2 / area rehabilitated is flat and no erosion transects established 

5 14.84 2 / 0 ƍ 

6 44.85 No rehabilitation to be carried out in this domain 

Note: ƍ domains 4 and 5 have been rehabilitated but not assessed by Maia. 

Domain 3 is flat and therefore no erosion transects were established in this domain in September 2013.  Two 

erosion monitoring sites were established on Domain 2 in September 2013 (Maia, 2013b).  No new erosion 

monitoring sites have been established since 2013 because the areas that have been rehabilitated and that Maia is 

assessing are flat. 

3.2  ANALOGUE SITES 

In addition to the rehabilitation monitoring sites the RMP indicated that two analogue sites were to be assessed in 

each of the four communities to be re-established at the different domains (Maia, 2013a). 

In September 2013 eight analogue sites were assessed at Koolanooka.  Analogue sites in DPaW communities 3, 4 

and 5 were established around six of the 16 vegetation monitoring sites that had been established and assessed in 

the vegetation of the TEC around the mine at Koolanooka (Maia, 2011).  Two analogue sites were assessed in 

DPaW communities 3, 4 and 5 and two in ATA Community 15.  The Community 15 analogue sites were located 

within the polygon mapped as ATA Community 15 to the west of domains 2 and 3 and in the vicinity of quadrats 

previously assessed by BGPA in this community (Commander and Merino Martin, 2012).  When walking sections 

of the polygon searching for the vegetation described as ATA Community 15 most of the vegetation within the 

polygon mapped as ATA Community 15 did not match the description for that community and the one area that 

was similar to the description was too small to be used as an analogue plot and was not representative of the 

dominant vegetation in the polygon.  Therefore the botanists established the two ATA Community 15 analogue 

sites in the dominant vegetation of that polygon which was: Eucalyptus leptopoda subsp. arctata Mallee 

Woodland to Open Mallee Woodland with a Grevillea obliquistigma Tall to Mid Sparse to Open Shrubland and 

Thyridolepis multiculmis Open Tussock Grassland. 

The data collected at the eight analogue sites is used as the benchmark for the rehabilitation monitoring sites 

established on the different domains.  Because of this the analogue plots were assessed only once i.e. at the start 

of the monitoring program. 

3.3  ADDITIONAL ASSESSMENTS  

Two small areas were rehabilitated in Domain 2 in 2010 and 2012.  The approximate locations of these areas are 

indicated on Map 8.4, Section 8 (in the vicinity of SMB1 and SMB2).  The small area in 2b (western section of 

Domain 2, 2012) was seeded while the small area in 2a (eastern section of Domain 2, 2010) was not (Table 3.2).  

Both areas are too small (< 1 hectare (ha)) for establishment of the rehabilitation assessment sites being used in 

other areas.  Therefore in each of these areas two transects were assessed in 2013, 2014, 2015, 2017 and 2018 

and shrub diversity and cover was recorded along each.  Collection of this data will allow some comparison of the 

development of the vegetation at the rehabilitation monitoring sites with that in these areas. 
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3.4  SEED MIXES USED  

The species and weight of seed in the mixes sown over the different domains seeded in 2013 are listed in 

Table 3.4 (information supplied by SMC). 

Table 3.4: Seed mix used and weight of seed sown over different areas rehabilitated in 2013 

Species Weight (kg) 

Domain 2a Domain 2b Domain 3, 2a and 2b 

Acacia acuminata 10.12 26.00 15.00 

Acacia aneura     15.00 

Acacia assimilis 12.65   1.00 

Acacia coolgardiensis 8.00     

Acacia exocarpoides 0.09   0.08 

Acacia ramulosa   60.80 6.57 

Acacia stereophylla 0.20     

Acacia tetragonophylla   7.50 0.50 

Allocasuarina acutivalvis   2.43   

Allocasuarina campestris 0.39     

Austrostipa trichophylla 0.25     

Brunonia australis 0.07     

Cephalipterum drummondii   0.10 0.10 

Cratystylis subspinescens     4.00 

Daviesia hakeoides   0.08   

Dioscorea hastifolia 200 seeds     

Dodonaea inaequifolia   0.20 0.05 

Hakea recurva   0.55 0.10 

Enchylaena tomentosa     0.25 

Eucalyptus loxophleba subsp. loxophleba     0.10 

Melaleuca cordata 0.10     

Monachather paradoxus 0.01 0.02   

Podolepis canescens   0.10   

Ptilotus obovatus   14.00 10.00 

Ptilotus polystachyus   11.24   

Solanum cleistogamum (formerly ellipticum) 0.10   0.10 

Solanum lasiophyllum   2.20 0.30 

Thysanotus manglesianus 0.07     

Velleia rosea     0.25 

Waitzia acuminata     0.05 

Total taxa 13 13 17 

Total weight of seed (kg) 32.05 125.22 *53.45 

Area rehabilitated in 2013 (ha) 4.00 18.00 2.75 

* Approximately 20 kg was used on Domain 3 and the remainder was used on Domain 2 (sections a and b). 

A different seed mix was used over a small area rehabilitated and seeded in 2012 in section 2b of Domain 2.  The 

species in that seed mix are listed in Table 3.5 and, while the exact quantity of each species sown is not known, 

approximately 10 kilograms (kg) of seed was sown over the 0.7 ha area.  Some was pure seed and some included 

other fruiting structures; the pure seed is indicated in Table 3.5. 
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Table 3.5: Species sown over small area rehabilitated in section 2b of Domain 2 in 2012 

Species Pure Seed (●) 

Acacia acuminata subsp. acuminata ● 

Acacia acuminata subsp. burkittii ● 

Acacia anthochaera ● 

Acacia assimilis ● 

Acacia colletioides ● 

Acacia coolgardiensis (formerly Acacia coolgardiensis var. coolgardiensis) ● 

Acacia effusifolia (formerly Acacia coolgardiensis var. effusa) ● 

Acacia erinacea ● 

Acacia exocarpoides ● 

Acacia jibberdingensis ● 

Acacia linophylla var. ramulosa ● 

Acacia longiphyllodinea ● 

Acacia microbotrya ● 

Acacia murrayana ● 

Acacia neurophylla ● 

Acacia ramulosa var. ramulosa ● 

Acacia resinomarginea ● 

Acacia sclerosperma sp. ? ● 

Acacia sclerosperma ● 

Acacia sp. (A) ? ● 

Acacia tetragonophylla ● 

Allocasuarina campestris ● 

Allocasuarina acutivalvis var. prinsepiana ● 

Atriplex codonocarpa  

Atriplex isatidea  

Brunonia australis  

Calothamnus sp.  

Cephalipterum drummondii  

Conospermum sp.  

Dodonaea inaequifolia  

Eremophila miniata  

Eremophila serrulata  

Eucalyptus ebbanoensis  

Eucalyptus loxophleba  

Eucalyptus kochii  

POACEAE sp.  

Grevillea sp.  

Hakea recurva ● 

Hyalosperma glutinosa  

Maireana carnosa  

Maireana georgei  

Maireana georgei ● 

Maireana planifolia  

Maireana tomentosa  

Melaleuca sp.  

Podolepis canescens  

Ptilotus obovatus  

Santalum acuminatum ● 

Sclerolaena densiflora  

Sclerolaena microcarpa  

Senna artemisioides subsp. artemisioides / subsp. filifolia (mix) ● 
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Species Pure Seed (●) 

Senna artemisioides subsp. filifolia ● 

Senna artemisioides subsp. helmsii ● 

Senna artemisioides subsp. sturtii ● 

Senna glutinosa subsp. chatelainiana ● 

Sida calyxhymenia  

Sida fibulifera  

Waitzia nitida  

Total species / taxa 59 

 

The species and weight of the seed sown over the areas seeded in Domain 1 and 2 in 2015 are listed in Table 3.6 

(information supplied by SMC). 

Table 3.6: Seed mix used and weight of seed sown over areas in Domain 1 and 2 rehabilitated in 2015 

Species Weight (kg) Application rate (kg per ha) 

Acacia aneura 10.000 0.250 

Acacia anthochaera 8.000 0.200 

Acacia assimilis 10.000 0.250 

Acacia burkittii 8.500 0.213 

Acacia colletioides 11.250 0.281 

Acacia coolgardiensis 8.000 0.200 

Acacia coolgardiensis var. effusa 7.500 0.188 

Acacia erinacea 10.640 0.266 

Acacia craspedioides 7.000 0.175 

Acacia exocarpoides 7.000 0.175 

Acacia longiphyllodinea 10.430 0.261 

Acacia microbotrya 9.300 0.233 

Acacia murrayana 8.200 0.205 

Acacia ramulosa 12.500 0.313 

Acacia sclerosperma 10.000 0.250 

Acacia tetragonophylla 9.200 0.230 

Allocasuarina acutivalvis 5.000 0.125 

Allocasuarina campestris 3.000 0.075 

Atriplex codonocarpa 4.200 0.105 

Atriplex semilunaris 7.450 0.186 

Austrostipa scabra 3.000 0.075 

Brachychiton gregorii 3.000 0.075 

Codonocarpus cotinifolius 2.000 0.050 

Cymbopogon ambiguus 5.000 0.125 

Cratystylis  subspinescens 5.000 0.125 

Dodonaea lobulata 8.250 0.206 

Enchylaena tomentosa 2.000 0.050 

Eremophila scoparia 2.000 0.050 

Eucalyptus loxophleba subsp. loxophleba 1.000 0.025 

Maireana tomentosa 7.500 0.188 

Maireana carnosa 3.000 0.075 

Melaleuca acuminata 4.000 0.100 

Melaleuca cordata 1.000 0.025 
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Species Weight (kg) Application rate (kg per ha) 

Monachather paradoxus 3.000 0.075 

Podolepis canescens 0.200 0.005 

Ptilotus divaricatus 5.500 0.138 

Ptilotus nobilis 5.000 0.125 

Ptilotus obovatus 7.300 0.183 

Ptilotus polystachyus 2.200 0.055 

Santalum acuminatum 8.000 0.200 

Santalum spicatum 10.000 0.250 

Senna artemisioides subsp. artemisioides 6.650 0.166 

Senna artemisioides subsp. filifolia 8.750 0.219 

Sclerolaena diacantha 2.000 0.050 

Sclerolaena eriacantha 2.000 0.050 

Sclerolaena microcarpa 2.000 0.050 

Sida calyxhymenia 2.000 0.050 

Solanum lasiophyllum 1.000 0.025 

Solanum ellipticum 0.300 0.008 

Waitzia nitida 0.500 0.013 

Total species / taxa 50 

Total weight of seed (kg) 280.32 

Area rehabilitated in 2015 (ha) Approximately 35.00 

Seed sown (kg per ha) Approximately 8.00 

 

The species of seed sown or tubestock planted over the area seeded in Domain 4 in 2015 are listed in Table 3.7 

(BGPA, 2017).  The weight of seed sown and number of tubestock planted is not known. 

Table 3.7: Seed sown and tubestock planted over Domain 4 rehabilitation area in 2015 (BGPA, 2017) 

Species Sown Tubestock 

Acacia acuminata  ✓   

Acacia assimilis subsp. assimilis ✓   

Acacia colletioides ✓   

Acacia coolgardiensis ✓   

Acacia ramulosa ✓   

Acacia stereophylla ✓   

Acacia tetragonophylla ✓   

Allocasuarina acutivalvis ✓   

Allocasuarina campestris ✓   

Allocasuarina dielsiana ✓   

Amphipogon caricinus ✓   

Androcalva luteiflora  
✓ 

Atriplex semilunaris ✓   

Austrostipa elegantissima ✓   

Calothamnus gilesii ✓   

Calycopeplus paucifolius  
✓ 

Daviesia hakeoides  
✓ 

Dodonaea inaequifolia ✓   

Eremophila clarkei  
✓ 
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Species Sown Tubestock 

Eucalyptus ebbanoensis ✓   

Eucalyptus ewartiana ✓   

Grevillea levis  
✓ 

Grevillea obliquistigma ✓   

Grevillea paradoxa ✓ ✓ 

Hakea recurva ✓   

Maireana brevifolia ✓   

Maireana carnosa ✓   

Melaleuca hamata ✓   

Melaleuca nematophylla ✓   

Melaleuca radula ✓   

Mirbelia sp.   ✓ 

Philotheca brucei   ✓ 

Podolepis canescens ✓   

Ptilotus divaricatus ✓   

Ptilotus obovatus ✓   

Ptilotus polystachyus ✓   

Rhodanthe battii ✓   

Schoenia cassiniana ✓   

Solanum lasiophyllum ✓   

Trachymene ornata ✓   

Waitzia acuminata ✓   

Total number of species sown 34   

Total number of species planted   8 

Total number of species sown or planted 42 

 

3.5  RAINFALL 

Bureau of Meteorology (BoM) monthly total rainfall records from Morawa Airport (station number 008296; 

1 January 2013 – 30 September 2018; BoM, 2018) are presented in Table 3.8.  As SMC is no longer recording 

rainfall at Koolanooka Mine, records from Morawa Airport are being used to provide an indication of rainfall at 

Koolanooka.  In the past, less rain was generally recorded at Koolanooka than at Morawa Airport. 

Monthly rainfall records for 2013 to 2017 and from January to September 2018 are listed in Table 3.8 along with 

the long-term mean rainfall calculated for those months.  The long-term mean has been calculated using data 

collected over the last 16 years (2003 to 2018).  As rainfall trends have changed with time, complete data sets 

recorded since 2003 are being used.  Highest long-term monthly rainfall is in June and July (39.3 millimetres (mm) 

and 43.4 mm respectively) while highest actual rainfall in 2013, 2014 and 2015 was in May, April and March 

respectively (79.2 mm, 69.4 mm and 73.2 mm).  Highest actual rainfall in 2017 was August (59.4 mm) and in 2018 

it was in July (81.8 mm). 

Total monthly and long-term monthly rainfall for the autumn and winter months (March to May and June to 

August respectively) of 2013, 2014, 2015 and 2017 and 2018 are included in Table 3.9 and shown on Figure 3.1.  

Autumn rainfall was similar in 2013, 2014 and 2015 (about 110 mm) and it was higher than the long-term autumn 

mean (65.1 mm) in each of those years.  Autumn rainfall in 2017 and 2018 was below the long-term average, as 

36.9 mm and 36.7 mm (respectively) less rainfall than the 2003-2018 long-term mean was recorded.  Winter 

rainfall has varied since 2013.  Winter rain received in 2013, 2014, 2015 and 2017 was much lower than the long-

term mean for those three months (122.1 mm).  Winter rainfall was highest in 2018 (200.6 mm) and lowest in 
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2015 (30.6 mm).  Winter rainfall in 2018 was 78.5 mm higher than the long-term mean for the winter months. 

When the rainfall is totalled over the autumn and winter months the 2013 and 2018 totals (198.8 and 229.0 mm) 

were higher than the long-term mean for the same six months (187.2 mm), while the 2014, 2015 and 2017 totals 

were lower – 178.0 mm, 138.8 mm and 104.4 mm respectively.  No assessment was carried out in 2016; however, 

rainfall in 2016 was well above average for the year (400.6 mm compared with a long-term average of 288.1 mm). 

The above average winter 2018 rainfall is likely to have increased the number of annual species present in spring 

2018. 

Table 3.8: Monthly and annual total rainfall (mm) and long-term rainfall Morawa Airport (BoM, 2017) 

Year / Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Morawa Airport (station number 008296) rainfall records (mm) 

2013 8.2 0.0 23.8 7.2 79.2 14.8 29.2 44.6 20.0 13.6 2.4 1.0 244.0 

2014 7.4 3.0 3.6 69.4 36.8 20.0 29.4 18.8 52.0 12.6 8.8 0.0 261.8 

2015 2.6 0.6 73.2 20.6 14.4 29.6 -# -# 1.8 0.2 38.8 54.8 237.0 

2016 72.8 0.0 39.0 63.2 38.4 64.0 57.0 39.6 15.0 7.8 1.2 2.6 400.6 

2017 3.2 28.8 4.4 15.0 8.8 0.6 16.2 59.4 18.8 6.4 9.8 10.6 182.0 

2018 49.4 1.8 5.2 0.0 23.2 54.8 81.8 64.0 2.6 - - - *282.8 

Long-term 
(2003-2018) 
mean (mm) 

25.2 19.7 14.8 19.1 31.2 39.3 43.4 39.4 21.8 9.0 12.6 14.6 288.1 

Note: green cells indicate years in which rehabilitation monitoring was carried out. 

Table 3.9: Monthly and long-term mean total rainfall (mm) Morawa Airport, March to August (BoM, 2017) 

Month Mar Apr May Jun Jul Aug Total autumn 
rainfall (Mar, 
April & May) 

Total winter 
rainfall (Jun, 
Jul and Aug) 

Year 

Morawa Airport (station number 008296) rainfall records (mm) 

2013 23.8 7.2 79.2 14.8 29.2 44.6 110.2 88.6 

2014 3.6 69.4 36.8 20.0 29.4 18.8 109.8 68.2 

2015 73.2 20.6 14.4 29.6 -# -# 108.2 30.6 

2017 4.4 15.0 8.8 0.6 16.2 59.4 28.2 76.2 

2018 5.2 0.0 23.2 54.8 81.8 64.0 28.4 200.6 

Long-term 
(2003-2018) 
mean (mm) 

14.8 19.1 31.2 39.3 43.4 39.4 65.1 122.1 

Note: In Tables 3.8 and 3.9 the long-term mean is calculated using data from the 2003 to 2018.  # indicates months when data 

missing in 2015 and * indicates 1 January to 30 September total.  Green shading = month of assessment (the rehabilitation sites were 

not assessed in 2016). 
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Figure 3.1: Autumn and winter months’ total (2013, 2014, 2015, 2017, 2018) and long-term (2003-2018) mean 
total rainfall 
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4 METHODS 

4.1  REHABILITATION MONITORING  

4.1.1 SURVEY AND SITES ASSESSED IN 2018 

The four rehabilitation monitoring assessment sites established in 2013 and six sites established in 2015 were 

reassessed between September 28 and 30, 2018.  One new site, KD4R1, was established and assessed on 

October 1 and 2, 2018. 

The locations of the 11 rehabilitation monitoring sites established at Koolanooka are shown on Map 8.4, 

Section 8.  The locations of the eight analogue sites assessed in 2013 are also shown on this map (however, these 

sites were assessed in 2013 only). 

4.1.2 SITE SET-UP AND MEASUREMENTS 

4.1.2.1 Layout and set-up of sites 

The methods of Eyre et al. (2011) were adapted to produce the monitoring site set-up shown in Figure 4.1 and 

described in Table 4.1 (as per the RMP developed for work (Maia, 2013a)). 

The methodology of Eyre et al. (2011) was adapted to utilise information already collected at 20 m by 20 m 

vegetation monitoring sites set up in the vegetation of the TEC around the mine at Koolanooka.  The adaptations 

also take account of the distribution of the vegetation units in what is a relatively small area around the mine and 

also of the relatively small areas being rehabilitated at Koolanooka. 

 

Figure 4.1: Assessment/monitoring site set-up 



Sinosteel Midwest Corporation Limited: Koolanooka Rehabilitation and Erosion Monitoring Program, Spring 2018 Assessment 

maia Page 16 

Table 4.1: Assessment areas and parameters 

Assessment area type Parameter to be assessed 

100 m by 50 m plot Large trees; canopy height and native tree species richness 

50 m transect Tree and native shrub canopy cover and basal cover 

50 m by 20 m plot Coarse woody debris 

20 m by 20 m plot Native shrub, grass and forbs/other species richness (including weeds) 

1 m by 1 m quadrats Native perennial grass cover, organic litter cover, rock cover 

 

When sites were established and assessed on slopes the long axis was aligned parallel to the slope. 

When the rehabilitation monitoring sites were established the four corners of the 20 meter (m) x 20 m plot were 

marked with a fence dropper as well as the 0 m, 15 m, 35 m and 50 m points along the 50 m transect.  The 0 m 

post (at the start of the 50 m transect) was tagged with a numbered metal tag to identify the site.  The locations of 

the eight fence droppers installed at the 10 rehabilitation monitoring sites were recorded on a Global Positioning 

System (GPS).  Waypoints along the boundary of the 100 m by 50 m plot at the 10 rehabilitation monitoring sites 

were recorded on a GPS and saved as a shape file.  Given the size and shape of some of the rehabilitated areas the 

dimensions of the 100 m x 50 m plot around the 50 m transect was sometimes adjusted; however, exactly the 

same area (i.e. 5,000 m2) was assessed at each site. 

Photographs were taken diagonally from each corner of the 20 m x 20 m plot and from the centre of the 

20 m x 20 m plot towards each corner of the plot at the 10 rehabilitation monitoring sites. 

The information collected from each plot at each rehabilitation monitoring site is described in the following sub-

sections. 

4.1.2.2 100 m x 50 m plot 

The following information was collected from each 100 m x 50 m plot: 

• The canopy height of any trees equal to or greater than 2 m in height; 

• The diameter at breast height (DBH) of any trees equal to or greater than 2 m in height; 

• The recruitment and regeneration of dominant tree species (if present).  Recruitment is considered to be 

juveniles of both eucalypt and non-eucalypt species and regeneration was considered for eucalypt species 

with coppice growth; 

• Native tree species richness; 

• The number of non-native plants (i.e. weeds) in the whole plot (this is additional information being 

collected). 

4.1.2.3 50 m x 20 m plot 

The following information was collected on coarse woody debris (CWD) with a diameter of 10 cm or greater at 

each 50 m x 20 m plot: 

• Length was measured from tip to tip on the section of the CWD 10 cm in diameter or greater; and 

• The entire length of the debris considered to be both organic litter and CWD. 
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4.1.2.4 50 m transect 

The following information relating to tree and shrub canopy cover and tree (if present) and shrub basal area was 

collected along each 50 m transect: 

• Canopy start and end measurements were taken along the 50 m tape for tree and shrub forms only. 

Cover measurements were also recorded for any seedlings of native tree or shrub species (i.e. Acacia or Grevillea 

species) (this is additional information being collected). 

4.1.2.5 20 m x 20 m plot 

The following information relating to native plant species richness and non-native plant species cover was 

collected from within the 20 m x 20 m plots established in the rehabilitation areas: 

• A species list; 

• The cover of non-native species. 

4.1.2.6 1 m x 1 m quadrats 

The following information relating to native perennial grass cover, organic litter cover and rock cover was 

collected from the 1 m² quadrats: 

• Native perennial grass species; 

• Native perennial grass cover; 

• Organic litter (< 10 centimetre (cm) in diameter) cover; 

• Rock cover; 

• Forb and non-grass species cover; 

• Cryptogams (mosses and lichens) cover; 

• Bare ground cover. 

4.1.2.7 Additional Areas 

In September 2013, Maia assessed two 25 m long temporary transects in two small areas (< 1 ha) rehabilitated in 

2010 and 2012 in Domain 2.  In 2014 Maia (with permission from Steve Neill (SMC)) established two permanent 

25 m long transects in both of these areas.  The ends of the transects were marked by fence droppers and one of 

the fence droppers at each transect was labelled with a tag.  Maia cannot compare 2013 data with 2014 data 

because the locations of the temporary transects assessed in 2013 were not saved on a GPS; however, Maia has 

compared shrub species diversity and shrub canopy cover at these transects in 2014, 2015, 2017 and 2018. 

4.1.3 BIOCONDITION AND BENCHMARKS 

4.1.3.1 BioCondition and Benchmarks 

This monitoring program is based on the BioCondition methodology developed by Eyre et al. (2011).  The 

BioCondition method is an assessment framework that provides a measure of the functioning of a particular 

terrestrial ecosystem.  It is a site-based quantitative assessment procedure that provides a numeric score from 

‘functional’ through to ‘dysfunctional’ condition. 

The BioCondition score is generated by comparing specific site-based attributes measured at assessment sites 

with a benchmark value for each of those attributes, measured at a particular Regional Ecosystem (in this case in 

the analogue sites assessed in the communities occurring in the vegetation around the mine at Koolanooka).  A 
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benchmark value is based on the average or median value obtained from mature and long undisturbed sites or 

Best on Offer (BOO) sites, given few ecosystems are totally free of threatening impacts.  These BOO sites are 

termed ‘reference sites’ by Eyre et al. and are called analogue sites in this report. 

Ten attributes require benchmarks for the scoring system used in BioCondition (Table 4.2). 

Table 4.2: Attributes measured at BioCondition sites 

Attributes (unit) 

1 - Large trees 6 - Coarse woody debris (m) 

2 - Tree canopy height (m) 7 - Native plant species richness 

3 - Recruitment of canopy species 8 - Non-native plant cover (%) 

4 - Tree canopy cover (%) 9 - Native perennial grass cover (%) 

5 - Shrub layer cover (%) 10 - Litter cover (%) 
 

The same attributes are measured (using the same methods) at assessment sites i.e. the sites established in 

rehabilitated areas.  The results for the attributes measured at these assessment sites are then compared with the 

benchmark for the same attributes measured at the analogue sites to determine how the rehabilitated areas are 

functioning compared with the analogue areas.  A comparative score (assessment site compared with analogue 

site) for each attribute is generated and these scores are used to produce an overall BioCondition score, ranging 

between 0 and 1, for the rehabilitation assessment sites.  With the passage of time, the rehabilitation assessment 

site BioCondition scores should progress towards the analogue site benchmark scores. 

The steps carried out are summarised below: 

1. Analogue and rehabilitation assessment sites are set up as indicated in Figure 4.1. 

2. Measurements are carried out at each plot within each site as described in Sections 4.1.2.2 – 4.1.2.6. 

3. Calculations are performed on the data collected to provide a score for each of the 10 attributes listed in 

Table 4.2. 

4. Assessment site scores for each attribute are then calculated as a percentage of the benchmark. 

5. This percentage is then compared with scoring tables in Eyre et al. (with some amendments) to provide 

an overall score for each attribute (Table A1.1, Appendix 1). 

6. Each of the 10 attributes measured is given a weighting (Table A1.2, Appendix 1) (as per Eyre et al., 2011) 

and the BioCondition score for each site is determined by adding the scores obtained for each of the 10 

site-based attributes and dividing by the maximum possible weighted score for the analogue sites i.e. 80 

in these communities (the wooded ecosystem of Eyre et al., Table A1.2, Appendix 1). 

Eyre et al. (2011) add landscape attributes to their calculations (either accounting for patch size plus connectivity 

plus context (adding up to 20%) or distance to water (weighted as 20%)), making the maximum possible 

benchmark score add up to 100; however, only site-based attributes are being used in this rehabilitation 

monitoring program and the scores add up to a maximum of 80. 

4.1.4 SPECIES LIST COMPARISONS AND WEED COVER 

The data collected from the rehabilitation monitoring plots for the BioCondition analysis is also used to compare 

species diversity at the rehabilitation monitoring plots with the target species diversity (70% of the original known 

species diversity).  All data from the 20 x 20 m quadrats plus tree species from the 100 x 50 m plots are used for 

these comparisons. 
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The data are also used to compare the species recorded in the plots with the species sown over the rehabilitated 

areas.  All data from the 20 x 20 m quadrats plus any additional tree species from the 100 x 50 m plots are used for 

these comparisons. 

Weed cover (to be no more than that in undisturbed bushland in the area or less than 10%, whichever is the 

lesser) calculations are based on the weed information collected from the 20 x 20 m quadrats at the analogue 

sites and from the 100 x 50 m plots at the monitoring sites. 

4.2  EROSION MONITORING PROGRAM  

4.2.1 SURVEY AND SITES 

Two erosion monitoring sites, each comprising three 50 m long transects, were established in rehabilitated areas 

in Domain 2 in September 2013 (one site in section 2a and one in section 2b).  One of the three transects was 

positioned at the top, one in the middle and one at the bottom of the slope on which each site was established.  

These were re-assessed in September 2014, September 2015, September 2017 and again on September 28 to 30, 

2018. 

No erosion monitoring sites were established in 2015 or 2018 as the gradient of the slopes on the edges of areas 

rehabilitated in Domain 2 was very gentle and those areas were mostly flat and the area sown at Domain 4 was 

also flat. 

The locations of the erosion monitoring site transects established in September 2013 are shown on Map 8.4, 

Section 8. 

4.2.2 SET-UP AND MEASUREMENTS 

The erosion monitoring strategy involves both landform stability and surface development measurements.  The 

methods described below are some of those detailed in an erosion monitoring strategy for Koolanooka mine 

developed by Landloch (Landloch, 2013) and included in the RMP (Maia, 2013a). 

The erosion monitoring transects were aligned perpendicular to the slope and in line with any ripping (i.e. they are 

cross-slope transects). 

Fence droppers were used to mark start and end points of these transects.  When necessary a third fence dropper 

was positioned at or close to the mid-point.  Fence dropper locations were recorded on a GPS. 

The following information was collected along each 50 m long erosion transect: 

• The depth of any rills occurring under the tape, measured at three points; 

• The width of any rills occurring under the tape at the base and at the land surface; 

• The shape of the rill channel of any rills occurring under the tape (V-shaped, U-shaped or undercut); 

• Photographs of any rills occurring under the tape; 

• The basal cover of native and non-native plants (including grasses and forbs) touched by the tape; and 

• The rock cover (rocks > 25 mm in diameter) under the tape (calculated as a percentage). 
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5 RESULTS 

5.1  REHABILITATION MONITORING  

5.1.1 NOTES ON SITES ASSESSED IN ANALOGUE AND REHABILITATION AREAS 

The naming convention used for the eight analogue and 11 assessment/rehabilitation area sites established at 

Koolanooka is listed in Table 5.1 along with information on site type and permanence, year of establishment and 

age of vegetation in rehabilitated areas.  Coordinates recorded at fence droppers installed at each site are listed in 

Table A2.1, Appendix 2. 

The 11 long-term rehabilitation monitoring sites were assessed in spring (September) 2018. 

Table 5.1: Analogue and rehabilitation area sites 

Site 
identifier 

Site type Long-term or 

temporary 

Year rehab. 

site 

established 

Age of 

rehab. 

(years) 

KA3R1 Koolanooka analogue site in DPaW Community 3, 

replicate 1 

Temporary 

NA NA 

KA3R2 Koolanooka analogue site in DPaW Community 3, 

replicate 2 

Temporary 

KA4R1 Koolanooka analogue site in DPaW Community 4, 

replicate 1 

Temporary 

KA4R2 Koolanooka analogue site in DPaW Community 4, 

replicate 2 

Temporary 

KA5R1 Koolanooka analogue site in DPaW Community 5, 

replicate 1 

Temporary 

KA5R2 Koolanooka analogue site in DPaW Community 5, 

replicate 2 

Temporary 

KA15R1 Koolanooka analogue site in ATA Community 15, 

replicate 1 

Temporary 

KA15R2 Koolanooka analogue site in ATA Community 15, 

replicate 2 

Temporary 

KD1R1 Koolanooka Domain 1 rehabilitation site, replicate 1 Long-term 2015 3 

KD1R2 Koolanooka Domain 1 rehabilitation site, replicate 2 Long-term 2015 3 

KD1R3 Koolanooka Domain 1 rehabilitation site, replicate 3 Long-term 2015 3 

KD1R4 Koolanooka Domain 1 rehabilitation site, replicate 4 Long-term 2015 3 

KD2R1 Koolanooka Domain 2 rehabilitation site, replicate 1 Long-term 2013 5 

KD2R2 Koolanooka Domain 2 rehabilitation site, replicate 2 Long-term 2013 5 

KD2R3 Koolanooka Domain 2 rehabilitation site, replicate 3 Long-term 2015 3 

KD2R4 Koolanooka Domain 2 rehabilitation site, replicate 4 Long-term 2015 3 

KD3R1 Koolanooka Domain 3 rehabilitation site, replicate 1 Long-term 2013 5 

KD3R2 Koolanooka Domain 3 rehabilitation site, replicate 2 Long-term 2013 5 

KD4R1 Koolanooka Domain 4 rehabilitation site, replicate 1 Long-term 2018 3 

Note: rehab. = rehabilitation. 

5.1.2 ATTRIBUTE SCORES AND BENCHMARK WEIGHTINGS 

Data collected at analogue sites provide the benchmark data against which each of the site-based attributes 

measured at the assessment sites is scored (Table A1.1, Appendix 1).  As the sites in Domain 2 have more than 

one reference community for rehabilitation (DPaW Community 3 or 4; Table 2.3) comparisons have been made for 

each assessment site against both Community 3 and 4.  Domain 3 has been compared only with sites in ATA 

Community 15, Domain 1 only with sites in DPaW Community 5 and Domain 4 only with DPaW Community 3. 
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5.1.3 BIOCONDITION ASSESSMENT 

Each of the site-based attributes measured for the BioCondition score (see Table 4.2) is discussed individually in 

the following subsections.  Charts show the results for each attribute (2018 and since first assessment).  The 

BioCondition scores generated from the results for each attribute are presented in Table 5.2 and in full in 

Table A3.1, Appendix 3.  Any change in attribute and BioCondition scores between 2013 and 2018 is illustrated in 

Table 5.3 as no change (NC), increase (I) or decrease (D). 

5.1.3.1 Attribute 1 –  Large Trees 

No large trees (> 2 m in height) occur at any of the 11 monitoring sites; the score for this attribute is therefore 

zero.  While tree species were recorded at KD1R1 (two species), KD1R2 (one species), KD1R3 (two species), KD1R4 

(two species), KD2R1 (four species), KD2R2 (four species), KD2R4 (three species), KD3R2 (four species), KD3R1 

(two species), KD3R2 (two species) and KD4R1 (10 species) - the plants located were less than 2 m in height. 

5.1.3.2 Attribute 2 –  Tree Canopy Height 

No large trees occur at any of the 11 monitoring sites; the score for this attribute is therefore zero. 

5.1.3.3 Attribute 3 –  Recruitment of Canopy Species 

This attribute cannot be assessed until the plants in this layer are mature enough to be producing seed i.e. 

recruiting.  The score for this attribute is therefore zero. 

5.1.3.4 Attribute 4 –  Tree Canopy Cover 

No large trees (> 2 m in height) occur at any of the 11 monitoring sites; the score for this attribute is zero. 

5.1.3.5 Attribute 5 - Shrub Layer Cover 

Figure 5.1 shows total shrub layer cover at the rehabilitation sites assessed in 2013, 2014, 2015, 2017 and 2018 

along with the vegetation community benchmarks for this attribute. 

 

Figure 5.1: Total shrub layer cover (%) at rehabilitation monitoring sites (2013, 2014, 2015, 2017 and 2018) and 
vegetation community benchmarks for the attribute 
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The results are discussed by domain and benchmark in the following paragraphs. 

Domain 1 2015 rehabilitation areas – total shrub layer cover with DPaW Community 5 benchmark (three years old) 

In 2018 the total shrub layer cover scores were 3.0 for all four Domain 1 sites established and first assessed in 

2015.  The score at two of the four sites had increased from zero in 2017 (KD1R1 and KD1R2) while the score for 

the other two (KD1R3 and KD1R4) was 3.0 in 2017. 

Domain 2 2015 rehabilitation areas - total shrub layer cover with DPaW Community 3 benchmark (three years old) 

In 2018 the total shrub layer cover scores at Domain 2 sites seeded in 2015 were zero and 3.0 (KD2R3 and KD2R4 

respectively) and they have not changed since 2017. 

Domain 2 2015 rehabilitation areas - total shrub layer cover with DPaW Community 4 benchmark (three years old) 

In 2018 the total shrub layer cover scores at Domain 2 sites seeded in 2015 were zero and 3.0 (KD2R3 and KD2R4 

respectively) and these scores have not changed since 2015. 

Domain 2 2013 rehabilitation areas - total shrub layer cover with DPaW Community 3 benchmark (five years old) 

In 2018 the total shrub layer cover scores at both Domain 2 sites seeded in 2013 was 3.0.  The score for site KD2R1 

has not changed since 2017 while the score for KD2R2 was the same as in 2015. 

Domain 2 2013 rehabilitation areas - total shrub layer cover with DPaW Community 4 benchmark (five years old) 

In 2018 the total shrub layer cover scores at both Domain 2 sites seeded in 2013 was 3.0.  The score for site KD2R1 

has not changed since 2017 while the score for KD2R2 has not changed since 2015. 

Domain 3 2013 rehabilitation areas - total shrub layer cover with ATA Community 15 benchmark (five years old) 

In 2018 the total shrub layer cover score was 3.0 at both Domain 3 sites.  The score for site KD3R1 has increased 

since 2017 while the score for KD3R2 has not changed since 2015. 

Domain 4 2015 rehabilitation area - total shrub layer cover with DPaW Community 3 benchmark (three years old) 

In 2018 the total shrub layer cover score at KD4R1 seeded in 2015 was 3. 

Overall comments 

In 2018 shrub cover is still below the relevant community (C) benchmark at each site. 

There has been a general increasing trend in shrub cover since baseline at each site established.  However, this is 

not the case for KD2R3 where shrub cover has been consistently low since first assessed - only 1.4% in 2018. 

Shrub cover is higher after three years at KD2R4 than it was at KD2R1 and KD2R2 after three years.  Shrub cover at 

KD4R1 is higher than at three of the four Domain 2 sites except for KD2R4 which was seeded in the same year. 

Shrub cover is higher at the four Domain 1 sites after three years than it was at the Domain 3 sites after five years 

(also flat areas). 
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5.1.3.6 Attribute 6 - Coarse Woody Debris 

Figure 5.2 shows the CWD (metres per hectare (m per ha)) at the rehabilitation sites in 2013, 2014, 2015, 2017 

and 2018 along with the vegetation community benchmarks for the attribute. 

Only three of the 11 sites achieved a CWD attribute score in 2018 (Table 5.2).  KD2R4 and KD4R1 scored a 5 and 

KD1R3 scored a 2.  This indicates that very little previously stockpiled vegetation debris was spread over these 

rehabilitation areas. 

In 2018 CWD was below the DPaW C3 community benchmark at all four Domain 2 sites and above the C4 

community benchmark at KD2R4.  All four Domain 1 sites were below the DPaW C5 benchmark as were Domain 3 

sites below the ATA C15 benchmark.  At Domain 4 CWD was higher than its DPaW C3 benchmark. 

 

Figure 5.2: Coarse woody debris (m per ha) at rehabilitation monitoring sites (2013, 2014, 2015, 2017 and 2018) 
and vegetation community benchmarks for the attribute 

5.1.3.7 Attribute 7 - Native Species Richness 

Figures 5.3 to 5.6 show the number of species of the four life forms (trees, shrubs, grasses and forbs) recorded at 

the 11 rehabilitation monitoring sites and also at the relevant analogue sites (i.e. shared species). 

Shrub, grass and forb species richness is assessed in the 20 m by 20 m quadrat while native tree species richness is 

assessed over the 100 m by 50 m plot (or 70 m by 50 m plot at KD4R1) (including the 20 m by 20 m quadrat). 

0

20

40

60

80

100

120

140

160

180

KD2R1
C3/C4

KD2R2
C3/C4

KD2R3
C3/C4

KD2R4
C3/C4

KD4R1
C3

DPaW
C3

DPaW
C4

KD1R1
C5

KD1R2
C5

KD1R3
C5

KD1R4
C5

DPaW
C5

KD3R1
ATA 15

KD3R2
ATA 15

ATA 15

2013 2014 2015 2017 2018 Benchmark



Sinosteel Midwest Corporation Limited: Koolanooka Rehabilitation and Erosion Monitoring Program, Spring 2018 Assessment 

maia Page 24 

 

Figure 5.3: Total number of shared species in tree life form at rehabilitation monitoring sites (2013, 2014, 2015, 
2017 and 2018) and at analogue sites 

 

Figure 5.4: Total number of shared species in shrub life form at rehabilitation monitoring sites (2013, 2014, 
2015, 2017 and 2018) and at analogue sites 
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Figure 5.5: Total number of shared species in grass life form at rehabilitation monitoring sites (2013, 2014, 
2015, 2017 and 2018) and at analogue sites 

 

Figure 5.6: Total number of shared species in forb life form at rehabilitation monitoring sites (2013, 2014, 2015, 
2017 and 2018) and at analogue sites 
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Shared species richness results are discussed by domain and benchmark in the following paragraphs. 

Domain 1 2015 rehabilitation areas - shared species richness with DPaW Community 5 benchmark (three years 

old) 

In 2018 the species richness scores had increased from zero to 2.5 at site KD1R1 and from zero to 5.0 at KD1R2, 

KD1R3 and KD1R4 established and first assessed in 2015 (Table 5.2).  The scores have increased at all sites except 

KD1R1 since 2017. 

Domain 2 2015 rehabilitation areas - shared species richness with DPaW Community 3 benchmark (three years 

old) 

In 2018 the species richness scores at Domain 2 sites seeded in 2015 were still zero at KD2R3 but had increased 

from zero to 5.0 at KD2R4 (since 2017). 

Domain 2 2015 rehabilitation areas - shared species richness with DPaW Community 4 benchmark (three years 

old) 

In 2018 the species richness scores at Domain 2 sites seeded in 2015 were still zero at KD2R3 and had increased 

from zero to 2.5 at KD2R4 (since 2017). 

Domain 2 2013 rehabilitation areas - shared species richness with DPaW Community 3 benchmark (five years old) 

In 2018 the species richness score at both Domain 2 sites seeded in 2013 was 5.0 the same score as in 2017 

(Table 5.2). 

Domain 2 2013 rehabilitation areas - shared species richness with DPaW Community 4 benchmark (five years old) 

In 2018 the species richness score at KD2R1 was 5.0 and at KD2R2 it was 2.5.  The KD2R1 score has increased from 

2.5 to 5.0 since 2017 while the score for KD2R2 has decreased from 5.0 to 2.5. 

Domain 3 2013 rehabilitation areas - shared species richness with ATA Community 15 benchmark (five years old) 

In 2018 the species richness score at KD3R1 was 2.5, which had decreased from 5.0 in 2017.  Similarly the KD3R2 

score decreased from 7.5 in 2017 to 5.0 in 2018. 

Domain 4 2015 rehabilitation area - shared species richness with DPaW Community 3 benchmark (three years old) 

In 2018 the native plant species richness score was 5.0 at KD4R1. 

Overall comments 

Three or five years post rehabilitation the number of shared species in the tree, shrub, grass and forb life forms is 

below the relevant community benchmark at each site at Domains 1, 2 and 3.  Shared species at Domain 4 was 

below the benchmark for trees and forbs, above the benchmark for shrubs and the same as the benchmark for 

grasses. 

There is no clear pattern in the number of shared species in the four life forms.  It varies from site to site and life 

form.  It appears to be reflecting year-to-year differences in rainfall and the accuracy of identification of more of 

the species as the plants get larger. 

Shared tree species have increased at most Domain 2 sites, stayed the same at Domain 1 sites and decreased at 

Domain 3 sites (which could be a result of grazing by goats).  Shared tree species was higher at Domain 4 than at 

the other sites established in areas that had been rehabilitated in 2015.  The pattern in shared shrub species is 
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similar to that for trees while shared grass species is different; Domain 4 has the highest number of shared species 

of all sites.  The number of shared forb species has varied from site to site and year to year. 

5.1.3.8 Attribute 8 - Non-Native Plant Cover 

Total non-native plant cover at rehabilitation sites assessed in 2013, 2014, 2015, 2017 and 2018 and the 

respective vegetation community benchmarks are shown on Figure 5.7. 

 

Figure 5.7: Total non-native plant cover (%) at rehabilitation monitoring sites (2013, 2014, 2015, 2017 and 2018) 
and vegetation community benchmarks for the attribute 

Non-native plant cover results are discussed below. 

Domain 1 2015 rehabilitation areas – total non-native plant cover and DPaW Community 5 benchmark (three 

years old) 

In 2018 the total non-native plant cover score was 0 at all Domain 1 sites.  Between 2017 and 2018 the scores for 

KD1R2 and KD1R3 decreased from 10 to zero and did not change at the other two sites. 

Domain 2 2015 rehabilitation areas - total non-native plant cover and DPaW Community 3 benchmark (three years 

old) 

In 2018 the total non-native plant score at these two Domain 2 sites was 10, the same as in 2017. 

Domain 2 2015 rehabilitation areas - total non-native plant cover and DPaW Community 4 benchmark (three years 

old) 

In 2018 the total non-native plant score at these two Domain 2 sites was 10, the same as in 2017. 

Domain 2 2013 rehabilitation areas - total non-native plant cover and DPaW Community 3 benchmark (five years 

old) 

In 2018 the total non-native plant score at site KD2R1 site seeded in 2013 was 10 the same as in 2017. Tt site 

KD2R2 it was 5, which has decreased from 10 in 2017. 
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Domain 2 2013 rehabilitation areas - total non-native plant cover and DPaW Community 4 benchmark (five years 

old) 

In 2018 the total non-native plant scores at one of the two Domain 2 sites seeded in 2013 had increased from 3 in 

2017 to 5 (KD2R1).  At KD2R2 the score decreased from 10 to zero between 2017 and 2018. 

Domain 3 2013 rehabilitation areas - total non-native plant cover and ATA Community 15 benchmark (five years 

old) 

The total non-native plant score at KD3R1 had decreased from 10 to 5 between 2017 and 2018 while it did not 

change at KD3R2 (it was still 10). 

Domain 4 2015 rehabilitation areas - total non-native plant cover and DPaW Community 3 benchmark (three years 

old) 

The total non-native plant score at KD4R1 was 10. 

General notes on non-native plant cover 

Patches of a few to thousands of very small Mesembryanthemum nodiflorum seedlings were present in 2018 with 

cover of this weed ranging from 0.13% (site KD2R4) to 17.28% (site KD1R1).  The site with the highest non-native 

plant cover was KD1R1 with 17.42%. 

The higher the non-native plant cover recorded in the 20 m by 20 m quadrat relative to the analogue sites, the 

lower the score for this attribute. 

5.1.3.9 Attribute 9 - Native Perennial Grass Cover 

Native perennial grass cover at rehabilitation sites assessed in 2013, 2014, 2015, 2017 and 2018 and the 

respective vegetation community benchmarks is shown on Figure 5.8. 

 

Figure 5.8: Mean native perennial grass cover (%) at rehabilitation monitoring sites (2013, 2014, 2015, 2017 and 
2018) and vegetation community benchmarks for the attribute 
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The mean native perennial grass cover results are discussed below by domain, year of establishment and 

benchmark. 

Domain 1 2015 rehabilitation areas – mean native perennial grass cover and DPaW Community 5 benchmark 

(three years old) 

The mean native perennial grass cover score was zero at all Domain 1 sites established in 2015, as it was in 2017 

(Table 5.2). 

Domain 2 2015 rehabilitation areas - mean native perennial grass cover and DPaW Community 3 benchmark 

(three years old) 

The mean native perennial grass cover score at the two Domain 2 sites seeded in 2015 was zero as in 2017. 

Domain 2 2015 rehabilitation areas - mean native perennial grass cover and DPaW Community 4 benchmark 

(three years old) 

The mean native perennial grass cover score at the two sites seeded in 2015 was zero as in 2017. 

Domain 2 2013 rehabilitation areas - mean native perennial grass cover and DPaW Community 3 benchmark (five 

years old) 

The mean native perennial grass cover score at both Domain 2 sites seeded in 2013 was 3, the same as in 2017. 

Domain 2 2013 rehabilitation areas - mean native perennial grass cover and DPaW Community 4 benchmark (five 

years old) 

The mean native perennial grass cover score at both Domain 2 sites seeded in 2013 was 3, the same as in 2017. 

Domain 3 2013 rehabilitation areas - mean native perennial grass cover and ATA Community 15 benchmark (five 

years old) 

The mean native perennial grass cover score at site KD3R1 seeded in 2013 was zero and the score at site KD3R2 

was 1.  The score for KD3R1 had decreased from 1 in 2017 while there was no change at KD3R2. 

Domain 4 2015 rehabilitation area - mean native perennial grass cover and DPaW Community 3 benchmark (three 

years old) 

The mean native perennial grass cover score at KD4R1 seeded in 2015 was 1. 

General comments 

No native perennial grasses were located at Domain 1 sites or at the Domain 2 sites established in 2015 while they 

were at the Domain 4 site seeded in 2015 (Figure 5.8). 

Native perennial grass cover is approaching the community benchmark at the Domain 2 sites established in 2013 

but not at the Domain 3 sites established in 2013. 
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5.1.3.10 Attribute 10 - Organic Litter Cover 

Mean organic litter cover at rehabilitation sites assessed in 2013, 2014, 2015, 2017 and 2018 and the respective 

vegetation community benchmarks are shown in Figure 5.9. 

 

 

Figure 5.9: Mean organic litter cover (%) at rehabilitation monitoring sites (2013, 2014, 2015, 2017 and 2018) 
and vegetation community benchmarks for the attribute 

The results for organic litter cover at the rehabilitation monitoring sites are discussed below by domain, year of 

establishment and benchmark. 

Domain 1 2015 rehabilitation areas – organic litter cover and DPaW Community 5 benchmark (three years old) 

The mean organic litter cover score was zero at three of the Domain 1 sites and 3 at KD1R2.  The score at KD1R2 

increased from zero to 3 between 2017 and 2018 while the score at KD1R4 decreased from 3 to zero (Table 5.2). 

Domain 2 2015 rehabilitation areas - organic litter cover and DPaW Community 3 benchmark (three years old) 

The mean organic litter cover score at site KD2R3 was zero in 2017 and 2018 and the score at KD2R4 increased 

from zero to 5 between 2017 and 2018. 

Domain 2 2015 rehabilitation areas - organic litter cover and DPaW Community 4 benchmark (three years old) 

The mean organic litter cover score at site KD2R1 was zero in 2017 and 2018 while the score at KD2R4 increased 

from zero to 3 between 2017 and 2018. 

Domain 2 2013 rehabilitation areas - organic litter cover and DPaW Community 3 benchmark (five years old) 

The mean organic litter cover score at the two Domain 2 sites seeded in 2013 was 3, as it was in 2017. 

Domain 2 2013 rehabilitation areas - organic litter cover and DPaW Community 4 benchmark (five years old) 
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The mean organic litter cover score at KD2R1 increased to 3 between 2017 and 2018 while the score at KD2R2 

decreased from 3 to zero. 

Domain 3 2013 rehabilitation areas - organic litter cover and ATA Community 15 benchmark (five years old) 

The mean organic litter cover score at site KD3R1 was 3 in both 2017 and 2018 while the score decreased from 3 

to zero at KD3R2. 

Domain 4 2015 rehabilitation areas – organic litter cover and DPaW C3 benchmark (three years old) 

In 2018 the mean organic litter cover score at site KD4R1 was 5. 

General comments 

In 2018 organic litter cover had increased at three of the four Domain 1 sites but was still below that recorded at 

the respective analogue sites. 

In 2018 organic litter cover at three of the four Domain 2 sites was lower than it had been in 2017 and the cover 

was lower than both benchmark sites for this domain.  This was also the case at the two Domain 3 sites and their 

benchmark. 

Organic litter at the Domain 4 site was a little more than that its benchmark. 

Organic litter was recorded at all 11 rehabilitation sites assessed in 2018.  Mean cover varied from site to site.  

Average litter cover for the sites established in 2013 was 5.4% at Domain 2 and 3.9% at Domain 3.  While average 

litter cover at sites established in 2015 was 6.5% for Domain 2, 2.6% for Domain 1 and 20.0% for Domain 4. 

5.1.3.11 BioCondition Scores 

The results from all of the analyses carried out for each attribute and used to generate the 2018 BioCondition 

scores are included as Table A3.1, Appendix 3.  The attribute scores and overall BioCondition scores for the 

rehabilitation area assessment sites for 2013, 2014, 2015, 2017 and 2018 are presented in Table 5.2 and shown in 

Figure 5.10.  With time the overall BioCondition score should increase and approach 1 as the rehabilitation areas 

mature and develop. 

The change (none, increase or decrease) in each of the 10 attribute scores and the overall BioCondition score for 

each site between baseline year (either 2013 or 2015 depending on the site’s year of establishment) and 2018 is 

illustrated in Table 5.3.  Cells are coloured according to the change (none = no colour, increase in score = pink, 

decrease in score = blue). 

Photographs showing the progression of the rehabilitation at the areas rehabilitated in Domains 1, 2, 3 and 4 are 

included as Table A4.1, Appendix 4. 

The change that has occurred in each domain when benchmarked against the relevant DPaW and ATA 

communities is discussed in the following paragraphs. 
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Figure 5.10: BioCondition scores for each rehabilitation monitoring site (2013, 2014, 2015, 2017 and 2018) 

Domain 1 2015 rehabilitation areas – BioCondition scores and DPaW Community 5 benchmark (three years old) 

The BioCondition score for two of these sites increased between baseline and 2018 because of the increase in 

native plant species richness and shrub layer cover, while the score for two sites decreased because of a very 

small increase in the non-native plant cover.  As the benchmark for non-native plant cover for those sites is 0% 

even a small increase in cover reduces the score achieved.  The average score for the four Domain 1 sites (0.11) is 

higher than the baseline assessment average in 2015 (0.10) and the sites on this domain are slowly improving 

overall with time.  The poorest condition site is KD1R1 where it looks as if it was very wet when it was 

rehabilitated and that it is a generally wetter area; however, the slightly poorer condition in 2018 is due to an 

increase in weed cover relative to the analogue sites. 

Domain 2 2015 rehabilitation areas - BioCondition scores and DPaW Community 3 benchmark (three years old) 

The BioCondition score for KD2R4 increased between baseline and 2018 (from 0.15 to 0.35) while it was the same 

at KD2R3 (0.13, which has not changed since 2015).  Coarse woody debris, native plant species richness and litter 

cover increased at KD2R4, resulting in the higher 2018 BioCondition score.  The average 2018 score for these two 

sites (0.24) is higher than it was in 2015 (0.14) and in 2017 (0.16).  The BioCondition score at KD2R3 will probably 

not change (or will change only a little) over the coming years because it appears that no topsoil was spread over 

KD2R3.  There is a slight difference between these two sites when benchmarked against DPaW C3 and DPaW C4.  

Scores are higher when benchmarked against C3. 

Domain 2 2015 rehabilitation areas - BioCondition scores and DPaW Community 4 benchmark (three years old) 

The BioCondition score KD2R4 increased between in 2015 and 2018 (from 0.15 to 0.23), while that at KD2R3 

stayed the same (0.13) (due to a lack of topsoil at this site).  Native plant species richness and litter cover 

increased at KD2R4, resulting in an increased BioCondition score in 2018.  The average score for these two sites 

(0.18) is higher than the average was in 2015 (0.14).  There is a slight difference between these two sites when 

benchmarked against DPaW C3 and DPaW C4.  Scores are lower when benchmarked against C4. 
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Domain 2 2013 rehabilitation areas - BioCondition scores and DPaW Community 3 benchmark (five years old) 

The BioCondition score for both of these sites has increased since baseline, although the score for KD2R1 did not 

change between 2017 and 2018 and the score for KD2R2 decreased.  The decrease was due to an increase in non-

native plant cover at this site.  The average 2018 score for these two sites (0.27) is higher than the average in 2013 

(0.1) and BioCondition at both sites has improved since baseline.  The BioCondition score is higher for this 

benchmark comparison than for the C4 benchmark comparison i.e. it is more similar to the analogue sites in 

DPaW C3 than to those in DPaW C4. 

Domain 2 2013 rehabilitation areas - BioCondition scores and DPaW Community 4 benchmark (five years old) 

The BioCondition score for both of these sites has increased since baseline.  The score for KD2R1 increased from 

0.14 in 2017 to 0.24 in 2018.  The increase is due to native plant species richness increases a decrease in non-

native plant cover and an increase in litter cover.  The average 2018 score for these two sites (0.17) is higher than 

the average in 2013 (0.07) and 2015 (0.16) but lower than the average in 2017 (0.22).  The BioCondition score is 

lower for this benchmark comparison than for the DPaW C4 benchmark comparison i.e. it is less similar to DPaW 

C4 than to DPaW C3. 

Domain 3 2013 rehabilitation areas - BioCondition scores and ATA Community 15 benchmark (five years old) 

The BioCondition score for site KD3R1 has decreased since baseline and 2018.  The decrease is due to an increase 

in non-native plant cover and a decrease in native plant species and native perennial grasses.  The BioCondition 

score for site KD3R2 has increased since baseline as native-perennial grass cover, native plant species richness and 

shrub layer cover have increased.  The average 2018 score for these two sites was 0.20, which is higher than the 

2013, 2014 and 2015 averages (0.18, 0.19 and 0.19 respectively) but lower than the 2017 average (0.27).  It’s 

possible that goats frequently graze in this area because many of them were seen grazing on Domain 3 in 2013 

and they have been seen there since then. 

Domain 4 2015 rehabilitation areas – BioCondition scores and DPaW Community 3 benchmark (three years old) 

The BioCondition score for site KD4R1 is 0.46.  This site has the highest BioCondition score of all sites assessed in 

2018.  This is largely due to high native plant species richness, low non-native plant cover, high litter cover and 

high coarse woody debris cover.  The plant species richness score for this site is the highest that has been 

recorded to date (12.5) and it is much higher than the highest recorded at any of the other sites (5.0). 

Mean change in BioCondition Scores 

The change in BioCondition score between baseline and 2018 is discussed in the following paragraphs (excluding 

KD4R1 which was established in 2018). 

The mean change in BioCondition score for the Domain 2 sites established in 2013 is 0.17 when benchmarked 

against DPaW C3, and 0.11 when benchmarked against DPaW C4. The mean change in BioCondition score at the 

Domain 3 sites established in 2013 is 0.02 when benchmarked against ATA C15. 

The mean change in BioCondition score for the four Domain 1 sites established in 2015 is 0.01, while the mean 

change for the two Domain 2 sites established in 2015 is 0.02. 

Overall the Domain 2 sites established in 2013 and 2015 are doing better than the sites established in the same 

years in Domain 1 and 3. 

General comments 

The overall change in the attribute scores between baseline and 2018 for the different sites and communities are 

presented in Table 5.3. 
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The attribute with most increases across all of the sites / community is shrub layer cover (increased at 11 of the 14 

cells; 14 cells because Domain 2 sites are benchmarked against DPaW C3 and C4 and Domain 4 was assessed for 

the first timein 2018), followed by native plant species richness (increased at 10 of the 14 cells). 

The attribute with most decreases is non-native plant cover (weed cover increased at four of the 14 sites resulting 

in a decrease in the score for that). 

The BioCondition scores achieved at each site in each year of assessment are also included in Table 5.3 and shown 

in Figure 5.10.  Of the 14 cells for which BioCondition scores were calculated, nine of the scores have increased 

since baseline assessments, three have decreased and two have not changed.  The decrease at KD1R1 is due to 

the reduced score for non-native plant cover i.e. weed cover has increased since baseline assessment and it is now 

greater than the 0% benchmark.  The decrease at KD1R4 is due to an increase in weed cover (which is now more 

than the 1% weed benchmark) and a decrease in litter cover.  The decrease at KD3R1 is due to a decrease in native 

plant species and an increase in weed cover. 

5.1.4 SHRUB SPECIES RICHNESS AND COVER 

5.1.4.1 Native Shrub Species Richness and Cover in Different Aged Rehabilitation 

Shrub species richness and cover data recorded along transects at areas rehabilitated in 2010, 2012, 2013 and 

2015 are summarised in Table 5.4.  The transects are either one 50 m long transect (at the BioCondition sites) or 

two 25 m long transects (at the older rehabilitation areas) 

In 2018 shrub species richness was highest in the small area rehabilitated in 2012 in the 2a section of Domain (D) 2 

and at KD4R1 at DW - where species richness was 14 and 11 species respectively, six and three years after sowing.  

At the four sites established in 2013 it was 6 and 5 at D2 sites (mean of 5.5) and 3 and 4 at the two D3 sites (mean 

of 3.5) (five years after sowing).  At the seven sites established in 2015 species richness was 1 and 4 at the two D2 

sites (mean of 2.5), 1, 4, 4 and 4 at the four D1 sites (mean of 3.3) and 11 at the one D4 site three years after 

sowing.  At the older sites sown in 2010 and 2012 species richness was 9 and 10 respectively. 

• Shrub species richness along the 50 m transects varies from site to site and with time since establishment; it 

is highest at the site sown in 2012 followed closely by the D4 site sown in 2015.  Lowest mean shrub species 

richness was recorded at the two sites sown in D2 in 2015 (2.5), and this is a result of the very low shrub 

cover at KD2R3.  Shrub species richness at the D4 site is as high as species richness that has been recorded 

in the two older sites during past assessment and it is much better than at the other sites sown in 2015 or 

2013. 

Shrub cover was highest in the small areas seeded in 2010 and 2012 in D2.  It was 55.8% at the eight year old D2a 

small area and 91.6% at the six year old D2b small area.  Average shrub cover was lower in the areas seeded in 

2013 and 2015 (five and three years old).  Shrub cover ranged between 3.2% (KD3R1) and 28.1% (KD2R1) at the 

four sites seeded in 2013.  Average shrub cover was 27.9% for the two 2013 sites at D2 and 5.4% for the two 2013 

sites at D3.  Shrub cover was 1.40% (KD2R3) and 46.9% (KD2R4) at the two 2015 D2 sites (mean cover of 24.1%).  

At the four D1 sites shrub cover ranged from 8.6% and 30.9% (mean of 16.9%).  Shrub cover ranged between 8.6% 

and 30.9% at the four D1 2015 sites and the mean cover was 16.9%.  Shrub cover at the D4 site seeded in 2015 

and first assessed in 2018 was 38.1%, which is higher than the mean shrub cover for the D1, D2 or D3 sites seeded 

in 2013 and 2015. 

• Shrub cover is very low at the two D3 sites seeded in 2013 (5.4%, five years old) compared with the two D2 

sites seeded in 2013 (27.9%).  This is possibly because goats preferentially graze D3.  Shrub cover at one of 

the D2 sites seeded in 2015 (three years old) is very low while the other is high and because of this the 

mean cover for the two D2 sites (24.1%) is higher than that for the four at D1 (16.9%).  The overall mean 

shrub cover for the four D2 and D3 sites five years after seeding in 2013 (16.6%) is lower than that for the 
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two D2, four D1 and 1 D4 sites three years after seeding in 2015 (22.0%).  Shrub cover at D4 (38.1%) is the 

second highest of the sites on areas seeded in 2015 as shrub cover at KD2R4 is 46.9%. 

The increase in shrub cover between 2013 and 2018 at sites established in 2013 varies.  Shrub cover increased by 

27.9% at KD2R2 and by 25.8% at KD2R1 (mean of 26.9%); the increases were lower at the two D3 sites established 

in 2013 – 3.2% at KD3R1 and 7.5% at KD3R2 (mean of 5.3%). 

• While the increase in cover at these sites is positive the change in cover at D2 sites established in 2013 i.e. 

after five years is much greater than at the D3 sites established in 2013. 

The increase in shrub cover between 2015 and 2018 at the sites established in 2015 (three years old) also varies.  

Shrub cover increased by 1.4% at KD2R3 and by 46.9% at KD2R4 (mean of 24.1%), while at the D1 sites it increased 

by 8.6% at KD1R1, 15.5% at KD1R2, 30.9% at KD1R3 and 12.5% at KD1R4 (mean increase in cover of 16.9%). 

• After three years the mean change in cover is greater at D2 sites than at D1 sites.  The change in cover at 

KD2R3 (1.4%) is the lowest recorded change three years after sowing (although, the increase at KD3R1 was 

only 1.2% in 2017 four years after seeding).  Few plants have seeded and grown at KD2R3 because there 

appears to be little to no topsoil over most of that area. 

Shrub cover has decreased since 2014 at the small area seeded in D2a in 2010, while it has increased at the small 

area seeded in 2012.  This could reflect competition now that the vegetation in these areas is denser. 

5.1.4.2 Shrub Plant Numbers at Rehabilitation Monitoring Sites 

The total number of shrub plants (that were recorded by genus Acacia, Allocasuarina, Dodonaea, Grevillea and 

‘other genera’) in the 100 m by 50 m / 70 m by 50 m plots at sites assessed in 2013, 2014, 2015, 2017 and 2018 is 

listed by site in Table 5.5. 

• Plant numbers have increased over the five years since seeding at the four sites established in 2013.  The 

increase has varied between 633 plants (at KD3R2) and 2,502 plants (at KD2R1).  The mean increase at D2 

sites over this time was 1,980 plants and at D3 sites it was 971 plants.  Between 2017 and 2018, plant 

numbers decreased by 45 at KD2R1 and increased by 52 at KD2R2.  At the two D3 sites plant numbers 

increased by 441 and 315 between 2017 and 2018.  The mean increase between 2017 and 2018 at D2 was 4 

plants and at D3 378 plants. 

• Plant numbers have increased over the three years since seeding in 2015 at the six D1 and D2 sites 

established in 2015.  The increase varied between 138 (at KD2R3) and 2,587 plants (at KD2R4)).  The mean 

increase at D1 sites over this time was 1,785 plants and at D2 sites it was 1,363 plants.  Between 2017 and 

2018 plant numbers decreased at two of the D1 sites and increased at two.  Plant numbers decreased at 

one of the D2 sites and increased at the other.  Between 2017 and 2018 mean plant number increased at 

D1 sites by 256 plants while it decreased at D2 sites by 123 plants.  At D4 2,154 shrub species plants were 

recorded in the 70 m by 50 m site, which is the equivalent of 3,077 plants for a 100 m by 50 m plant.  Shrub 

plant numbers are therefore proportionally higher at D4 than at any of the other domains and sites. 

The proportion of the total number of plants recorded at each of the 11 rehabilitation sites within the 100 m by 

50 m plot that are Acacia, Allocasuarina, Dodonaea and Grevillea is shown in Figure 5.11. 

• No clear pattern can be seen in the proportion of these four genera at areas sown in 2015.  In the areas 

sown in 2013 (KD2R1 and R2, KD3R1 and R2) the acacias increased between 2013 and 2017 but decreased 

between 2017 and 2018 – particularly at D3 where they could possibly be preferentially grazed by goats.  

No plants from these normally dominant genera have been recorded at KD2R3 since the site was first 
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assessed in 2015.  KD2R1 and KD2R2 seeded in 2013 and KD4R1 seeded in 2015 are the only sites where all 

four genera were recorded in 2018. 

• Overall Grevillea tends to dominate (in most years and at most sites) followed by Acacia.  Dodonaea is not a 

dominant and it has only been recorded in consecutive years at the D2 sites seeded in 2013.  Allocasuarina 

only occurs on the D2 sites seeded in 2013 and the D4 site seeded in 2015. 
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Table 5.2: Attribute scores and the total BioCondition score for each monitoring site, baseline to 2018 

  Benchmarked against DPaW Community 3      

  KD2R1 (b)* KD2R2 (a)* KD2R3 (b)* KD2R4 (b)* KD4R1      

  Rehabilitated in 2013 Rehabilitated in 2015      

Attribute # Attribute Description 2013 2014 2015 2017 2018 2013 2014 2015 2017 2018 2015 2017 2018 2015 2017 2018 2018      

1 Large trees 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0      

2 Tree canopy height 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0      

3 Recruitment of canopy species 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0      

4 Tree canopy cover 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0      

5 Shrub layer cover 0 3 0 3 3 0 0 3 3 3 0 0 0 0 3 3 3      

6 Coarse woody debris 2 0 0 0 0 2 0 0 0 0 0 0 0 2 2 5 5      

7 Native plant species richness 2.5 0 2.5 5 5 0 0 2.5 5 5 0 0 0 0 0 5 12.5      

8 Non-native plant cover 3 0 10 10 10 5 0 10 10 5 10 10 10 10 10 10 10      

9 Native perennial grass cover 1 1 1 3 3 0 0 0 3 3 0 0 0 0 0 0 1      

10 Litter cover 0 0 3 3 3 0 0 5 3 3 0 0 0 0 0 5 5      

Total for all attributes 8.5 4 16.5 24 24 7 0 20.5 24 19 10 10 10 12 15 28 36.5      

BioCondition score 0.11 0.05 0.21 0.30 0.30 0.09 0 0.26 0.30 0.24 0.13 0.13 0.13 0.15 0.19 0.35 0.46      

  Benchmarked against DPaW Community 4       

  KD2R1 (b)* KD2R2 (a)* KD2R3 (b)* KD2R4 (b)*       

  Rehabilitated in 2013 Rehabilitated in 2015       

Attribute # Attribute Description 2013 2014 2015 2017 2018 2013 2014 2015 2017 2018 2015 2017 2018 2015 2017 2018       

1 Large trees 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0       

2 Tree canopy height 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0       

3 Recruitment of canopy species 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0       

4 Tree canopy cover 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0       

5 Shrub layer cover 0 3 0 3 3 0 0 3 3 3 0 0 0 0 3 3       

6 Coarse woody debris 2 0 0 0 0 2 0 0 0 0 0 0 0 2 2 0       

7 Native plant species richness 2.5 0 2.5 2.5 5 0 0 2.5 5 2.5 0 0 0 0 0 2.5       

8 Non-native plant cover 0 0 10 3 5 3 0 3 10 0 10 10 10 10 10 10       

9 Native perennial grass cover 1 1 1 3 3 0 0 0 3 3 0 0 0 0 0 0       

10 Litter cover 0 0 0 0 3 0 0 3 3 0 0 0 0 0 0 3       

Total for all attributes 5.5 4 13.5 11.5 19 5 0 11.5 24 8.5 10 10 10 12 15 18.5       

BioCondition score 0.07 0.05 0.17 0.14 0.24 0.06 0 0.14 0.30 0.11 0.13 0.13 0.13 0.15 0.19 0.23       

  Benchmarked against DPaW Community 5 Benchmarked against ATA Community 15 

  KD1R1 KD1R2 KD1R3 KD1R4 KD3R1 KD3R2 

  Rehabilitated in 2015 Rehabilitated in 2013 

Attribute # Attribute Description 2015 2017 2018 2015 2017 2018 2015 2017 2018 2015 2017 2018 2013 2014 2015 2017 2018 2013 2014 2015 2017 2018 

1 Large trees 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 Tree canopy height 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 Recruitment of canopy species 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4 Tree canopy cover 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 Shrub layer cover 0 0 3 0 0 3 0 3 3 0 3 3 0 0 0 0 3 0 0 3 3 3 

6 Coarse woody debris 0 0 0 0 0 0 2 2 2 0 0 0 2 0 0 0 0 0 0 0 0 0 

7 Native plant species richness 0 2.5 2.5 0 2.5 5 0 2.5 5 0 2.5 5 5 5 5 5 2.5 2.5 5 2.5 7.5 5 

8 Non-native plant cover 10 0 0 10 10 0 0 10 0 10 0 0 10 10 10 10 5 10 10 10 10 10 

9 Native perennial grass cover 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 

10 Litter cover 0 0 0 0 0 3 0 0 0 0 3 0 0 0 0 3 3 0 0 0 3 0 

Total for all attributes 10 2.5 5.5 10 12.5 11 2 17.5 10 10 8.5 8 17 15 15 19 13.5 12.5 15 15.5 24.5 19 

BioCondition score 0.13 0.03 0.07 0.13 0.16 0.14 0.03 0.22 0.13 0.13 0.11 0.10 0.21 0.19 0.19 0.24 0.17 0.16 0.19 0.19 0.31 0.24 

Note: # = number, * a and b indicate sites in the 2a and 2b sections of Domain 2. 



Sinosteel Midwest Corporation Limited: Koolanooka Rehabilitation and Erosion Monitoring Program, Spring 2018 Assessment 

maia Page 38 

Table 5.3: Change in attribute and BioCondition scores (no change, increase, or decrease) between baseline and 2018 (KD4R1 not in this table as assessed for the first time in 2018) 

  

Benchmarked against DPaW Community 3 Benchmarked against DPaW Community 4 Benchmarked against DPaW Community 5 
Benchmarked against 

ATA Community 15   

  KD2R1 (b)* KD2R2 (a)* KD2R3 (b)* KD2R4 (b)* KD2R1 (b)* KD2R2 (a)* KD2R3 (b)* KD2R4 (b)* KD1R1 KD1R2 KD1R3 KD1R4 KD3R1 KD3R2 

Attribute # Attribute description Change 

1 Large trees NC NC NC NC NC NC NC NC NC NC NC NC NC NC 

2 Tree canopy height NC NC NC NC NC NC NC NC NC NC NC NC NC NC 

3 Recruitment of canopy species NC NC NC NC NC NC NC NC NC NC NC NC NC NC 

4 Tree canopy cover NC NC NC NC NC NC NC NC NC NC NC NC NC NC 

5 Shrub layer cover I I NC I NC I NC I I I I I I I 

6 Coarse woody debris D D NC I NC NC NC D NC NC NC NC NC NC 

7 Native plant species richness I I NC I I I NC I I I I I D NC 

8 Non-native plant cover I NC NC NC I NC NC NC D D NC D D NC 

9 Native perennial grass cover I I NC NC I I NC NC NC NC NC NC NC I 

10 Litter cover I I NC I I NC NC I NC I NC NC I NC 

Total for all Attributes I I NC I I I NC I D I I D D I 

BioCondition Score I I NC I I I NC I D I I D D I 

Note: * a and b indicate sites in the 2a and 2b sections of Domain 2; pink shading = increase in score between baseline and 2018 (I); blue shading = decrease in score between baseline and 2018 (D), white cells no change (NC). 
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Table 5.4: Shrub species richness and cover at rehabilitation sites 

Domain and site 
Domain 2b Domain 2a Domain 3 

KD2R1 KD2R2 KD3R1 KD3R2 

Year of rehabilitation 2013 

Assessment year / parameter 2013 2014 2015 2017 2018 2013 2014 2015 2017 2018 2013 2014 2015 2017 2018 2013 2014 2015 2017 2018 

Shrub species richness 1 2 2 4 6 1 1 1 4 5 0 0 0 2 3 1 1 2 3 4 

Shrub cover (m) 0.08 9.44 5.07 12.03 14.05 0.90 1.10 11.28 14.86 13.81 0 0 0 0.60 1.60 0.02 1.30 1.68 3.61 3.76 

Shrub cover (%) 0.16 18.88 10.14 24.06 28.10 1.80 2.20 22.56 29.72 27.62 0 0 0 1.20 3.20 0.04 2.60 3.36 7.22 7.52 

Domain and site 
Domain 2b Domain 1 D4 

KD2R3 KD2R4 KD1R1 KD1R2 KD1R3 KD1R4 KD4R1 

Year of rehabilitation 2015 

Assessment year / parameter 2015 2017 2018 2015 2017 2018 2015 2017 2018 2015 2017 2018 2015 2017 2018 2015 2017 2018 2018 

Shrub species richness 0 1 1 0 3 4 0 2 1 1 3 4 0 5 4 0 2 4 11 

Shrub cover (m) 0 0.31 0.70 0 18.38 23.44 0 0.99 4.32 0.03 3.41 7.78 0 7.53 15.44 0 3.80 6.27 19.04 

Shrub cover (%) 0 0.62 1.40 0 36.76 46.88 0 1.98 8.64 0.06 6.82 15.56 0 15.06 30.88 0 7.60 12.54 38.08 

Domain and site Domain 2b-small area* Domain 2a-small area*             

            

Year of rehabilitation 2012 2010 
            

Assessment year / parameter 2014 2015 2017 2018 2014 2015 2017 2018 
            

Shrub species richness 10 11 8 14 12 11 9 9 
            

Shrub cover (m) 22.66 34.28 33.63 45.80 29.67 34.32 21.99 27.90 
            

Shrub cover (%) 45.32 68.56 67.26 91.60 59.34 68.64 43.98 55.80 
            

Note: this data is collected from along 50 m long transects; pink shading = increase in species richness or cover between first and last assessments; blue shading = decrease in species richness or cover between first and last assessments. 

 

Table 5.5: Shrub plant numbers 

Year KD1R1 KD1R2 KD1R3 KD1R4 KD2R1 KD2R2 KD2R3 KD2R4 KD3R1 KD3R2 KD4R1 

2013  280 822  11 271  

2014  318 178  628 611  

2015 62 13 37 1 4,020 3,195 0 14 439 702  

2017 704 2,270 1,465 1,789 2,827 2,228 34 2,951 878 589  

2018 2,197 1,850 1,574 1,631 2,782 2,280 138 2,601 1,319 904 2,154* 

Change 2017 to 2018 +1,493 -420 +109 -158 -45 +52 +104 -350 +441 +315 - 

Change baseline to 2018 +2,135 +1,837 +1,537 +1,630 +2,502 +1,458 +138 +2,587 +1,308 +633 - 

Note: for 10 of the sites this data is collected from within the 100 m by 50 m plots; however, the large plot is 70 m x 50 m at KK4R1.  *This is equivalent to 3,077 plants for a 100 m x 50 m site. 
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Figure 5.11: Four dominant shrub genera recorded at each rehabilitation monitoring site (2014, 2015, 2017 and 2018) 
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5.1.5 SPECIES LIST COMPARISONS - REHABILITATION AREAS WITH SURROUNDING VEGETATION 

COMMUNITIES 

MS 811 stipulates that the re-established vegetation in areas rehabilitated by SMC at Koolanooka must have not 

less than 70% (not including weed species) of the known original species diversity.  In order to determine original 

species diversity for the different vegetation communities that are being re-established in the different domains at 

Koolanooka (DPaW vegetation communities 3, 4 and 5, ATA Community (C) 15), BGPA collated a species list for 

DPaW communities 3, 4 and 5 from the vegetation in areas surrounding the pit at Koolanooka (Commander and 

Marino Martin, 2012).  However, BGPA did not collate a species list for ATA C15 and the species list for this 

community was collated from the two analogue plots assessed by Maia in ATA C15. 

A species list is then collated from the rehabilitation monitoring sites assessed in each domain and the collated 

species list for each domain is then compared with the original species lists.  The number of co-occurring species is 

counted i.e. the number of species recorded at the rehabilitation sites that are also in the original species list for 

the relevant domain.  These comparisons are used to calculate the percentage of the original species diversity 

occurring in the different domains and also the proportion of the 70% of the original species diversity stipulated in 

MS 811 (Table 5.6).  Note: weed species were removed from all species lists. 

An example of the calculations carried out and presented in Table 5.6 follows: 

• The species list collated from the Domain 2 rehabilitation monitoring sites was compared with BGPA’s 

species list for DPaW C3; 19 of the species in that list were recorded at the Domain 2 rehabilitation sites 

• 104 species were listed in BGPA’s full species list for DPaW C3 

• 19/104 = 18.3% of the original species listed for DPaW C3 were located at the Domain 2 rehabilitation 

monitoring sites in 2018 

• SMC needs to achieve 70% similarity as a minimum to comply with MS 811 and 70% of the original 104 

species for DPaW C3 is 73 species 

• 19/73 = 26.0% therefore in 2018 species diversity is approaching one third of that 70% minimum. 

Because more than one reference community was recommended for Domain 2 and also because analogue sites 

were assessed in DPaW communities 3, 4 and 5 and ATA C15, comparisons were carried out between the 2018 

species lists from the rehabilitation sites established in Domains 1, 2, 3 and 4 and the species lists for all DPaW 

communities and all analogue sites to determine which the rehabilitation sites are most similar to – the DPaW 

communities or the analogue sites (Table 5.6). 

Domain 1 site comparisons: 

• The reference community for Domain 1 is DPaW C5.  When the 2018 combined Domain 1 rehabilitation 

sites species list is compared with BGPA’s species lists for DPaW communities C3, C4 and C5, it is most 

similar to DPaW C5 (17.8%).  When compared with each of the analogue plot species lists, the 2018 

Domain 1 species list is most similar to the analogue ATA C15 suite of species (23.1% similarity).  These 

percentages equate to 25.8% of the 70% minimum for DPaW C5and 33.3% for analogue ATA C15. 

• The species recorded at the Domain 1 rehabilitation sites in 2018 are most similar to ATA C15, which is not 

the reference community for Domain 1. 

• When the change in percentage similarity with the full species lists from baseline (2015 for Domain 1) to 

2018 is calculated the greatest change / increase in similarity was in the analogue C3 (10.4%) and analogue 
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C5 (7.7%) comparisons.  The greatest change in similarity for the 70% species list comparisons is analogue 

C3 (14.7%) and analogue C5 (11.1%). 

• Since 2015 similarity to the full species list for Domain 1’s reference community (DPaW C5) has increased 

from 4.5% to 7.7% (analogue C5).  Similarity to the 70% species list has increased by 6.4% and 11.1%, 

respectively. 

Domain 2 site comparisons: 

• The reference community for Domain 2 is either DPaW C3 or C4.  When the 2018 Domain 2 rehabilitation 

sites species list (collated from all Domain 2 sites) is compared with BGPA’s species lists for DPaW 

communities 3, 4 and 5, it is most similar to DPaW C5 (26.7%); however, when compared with the analogue 

plot species lists it is most similar to the analogue ATA C15 suite of species (30.8% similarity).  These 

percentages equate to 38.7% of the 70% minimum for DPaW C5and 44.4% for analogue C15. 

• The species recorded at the Domain 2 rehabilitation sites in 2018 are most similar to the DPaW C5 and ATA 

C15 communities, which are not the reference communities for this domain. 

• When the change in percentage similarity for the full species lists from baseline (2013) to 2018 is calculated, 

the greatest change / increase in similarity occurred between the Domain 2 and DPaW C5 comparison 

(22.3%) followed by the Domain 2 and DPaW C4 comparison (16.0%).  The 70% species list changes are 

greatest between Domain 2 and DPaW C5 (32.2%) and DPaW C4 (22.5%). 

• The increase since 2013 in similarity to the full species lists for Domain 2’s reference communities (DPaW 

C3 or DPaW C4) was 7.7% and 16.0% respectively and for analogue sites C3 and C4 the increase was 12.5% 

and 0.0% respectively.  For the 70% minimum of these species lists the similarity with DPaW C3 and C4 

species lists increased by 10.9% and 22.5% respectively over the five years since 2013 and for the analogue 

C3 and C4 sites similarity increased by 17.7% and 0.0% respectively. 

Domain 3 site comparisons: 

• The reference community for Domain 3 is ATA C15.  When the 2018 Domain 3 species list (collated from the 

two Domain 3 rehabilitation sites) is compared with the full species lists for DPaW communities C3, C4 and 

C5 and the analogue plots, it is most similar to analogue C3 (33.3%) and analogues C5 and C15 (30.8% 

similarity with both). 

• The species recorded at Domain 3 rehabilitation sites in 2018 are therefore second most similar to the 

reference community for Domain 3 (ATA C15). 

• When the change in percentage similarity from baseline (2013) to 2018 for the full species lists for the 

DPaW communities is calculated, the greatest change / increase in similarity occurred between Domain 3 

and DPaW C4 (25.0%) followed by DPaW C5 (22.2%).  The change between the analogue site comparisons 

and Domain 3 was highest for the analogue C3 comparison (20.8%) followed by analogue C5.  These 

percentages are 35.4% and 32.2% for the 70% minimum species list comparisons for DPaW C4 and DPaW 

C5 respectively and 29.5% for analogue C3 and 29.6% for analogue C5 respectively. 

• The change since 2013 in percent similarity to the full species list for Domain 3’s reference community (ATA 

C15) was minus 3.8%.  For the 70% minimum of the species list similarity decreased by 5.6% over the five 

years since 2013. 
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Domain 4 site comparisons: 

• The reference community for Domain 4 is DPaW C3.  When the 2018 Domain 4 species list is compared with 

the full species lists for DPaW communities 3, 4 and 5 and the analogue communities, it is most similar to 

DPaW C5 (33.3%)and DPaW C4 (31.8% similarity).  When the 70% list is compared the Domain 4 species list 

is most similar to DPaW C5 (48.4%) and DPaW C4 (45.2% similarity). 

• The species recorded at the Domain 4 rehabilitation site in 2018 are therefore not most similar to the 

reference community for Domain 4 (DPaW C3). 

Figure 5.12 A, B, C and D shows the change in similarity for comparisons with the full species lists with time for 

each domain and Figure 5.13 A, B, C and D shows the change in similarity for comparisons with the 70% minimum 

number of species with time for each domain. 
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5.1.6 SPECIES SOWN AT DIFFERENT REHABILITATION AREAS AND SPECIES RECORDED IN 2018 

This section provides a broad overview of how well the seed mixes applied to the different areas rehabilitated are 

performing.  This is a general comparison rather than a specific one by family / genus / species. 

Species sown or planted as tubestock and recorded (i.e. present) at the different rehabilitation areas assessed in 

2018 are listed in Table A5.1, Appendix 5.  The percentage of sown or planted species present at the rehabilitation 

sites in each domain between 2013 and 2018 is shown in Figure 5.14.  (Note: none of the species sown over the 

area rehabilitated in 2010 were recorded and therefore that area is not included in Figure 5.14.). 

At each of the areas rehabilitated the percentage of sown species recorded has gradually increased since first 

assessment.  Excluding the section of Domain 2b rehabilitated in 2012, the highest percentage (64.7%) was 

recorded at Domain 3 and the lowest (20.0%) at Domain 2b rehabilitated in 2015.  Five of the species sown over 

the small fenced area in Domain 2b in 2012 were recorded in that area in 2018 (8.8%); this percentage has 

increased from 1.8% in 2017. 

 

Figure 5.14: Percentage of sown species recorded in each domain (year sown), 2013 - 2018 

At each of the domains species that had not been sown were recorded.  At the sites established in 2013 (five years 

old) the percentage of the total number of species located on the rehabilitation sites that were not sown over the 

area was: 69.6% at Domain 2a, 59.3% at Domain 2b and 64.5% at Domain 3 (average of 64.5%).  At the sites 

established in 2015 (three years old) the percentage of the total number of species located on the rehabilitation 

sites in 2018 that were not sown over the area was: 61.8% at Domain 1 and 50.0% at Domain 2b and 47.7% at 

Domain 4 sites (average of 53.2%).  The topsoil, or a combination of topsoil, wind and animal vectors, is 

contributing a slightly larger proportion of the species present in the five year old sites than in the three year old 

sites. 
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5.1.7 NON-NATIVE PLANT COVER AT DOMAINS 1, 2, 3 AND 4 

Measurements were made of a number of plants of each weed species (10 whenever possible) to calculate an 

average size for each.  This average size was then used to calculate a cover per hectare for each weed species 

located.  The cover of each weed species recorded at each site assessed in 2013, 2014, 2015, 2017 and 2018 is 

listed in Table 5.7. 

Five weed species were located in the analogue plots when they were assessed in 2013.  Since 2013 25 weed 

species have been located in the rehabilitated areas assessed to date.  Nineteen of the 25 species were recorded 

in 2013, 20 in 2014, 16 in 2015, seven in 2017 and 17 in 2018.  Two new weed species (i.e. not recorded at the 

assessment sites previously) were recorded in 2018. 

Between 2013 and 2018 weed cover has decreased at the sites established in 2013.  At Domain 2 sites overall 

weed cover decreased by 0.61% while at Domain 3 weed cover decreased 0.03%. 

Between 2015 and 2018 weed cover decreased by 0.01% at the sites established in Domain 1 in 2015, while weed 

cover increased at Domain 2 by less than 0.01%. 

In 2018 the most common weed species at the sites in areas rehabilitated in 2013 was Mesembryanthemum 

nodiflorum at Domain 2 (0.68%) and Cuscuta planiflora at Domain 3 (0.05%).  In 2014, Mesembryanthemum 

nodiflorum was the most prolific weed species at both Domain 2 and 3 (6.31% and 0.02% respectively) but in 2018 

no M. nodiflorum was recorded at Domain 3. 

At sites seeded in 2015 the most prolific weed species was Mesembryanthemum nodiflorum (1.50% at Domain 1, 

0.55% at Domain 2 and 0.65% at Domain 4). 

Figure 5.15 shows total weed cover calculated for 2013, 2014, 2015, 2017 and 2018.  The large increase in weed 

cover between 2013 and 2014 at Domain 2 and the large decrease between 2014 and 2015 is predominantly a 

result of the spread and growth of Mesembryanthemum nodiflorum between 2013 and 2014 and its death 

between 2014 and 2015.  Weed cover was higher in 2018 than it had been since baseline at each domain 

(excluding Domain 2 in 2014).  This is likely a result of the much higher winter rainfall in 2018 compared with the 

previous years. 

 

Figure 5.15: Weed cover (%) at Domain 1, 2, 3 and 4, 2013 - 2018 
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Weed cover at analogue sites assessed in communities 3, 4, 5 and 15 was either 5% (DPaW C3) or <1% (DPaW C4 

and C5 and ATA C15) (Table 5.7).  In 2018 the average weed cover at all domains was less than 1.60%. 

A number of lists of weeds of national interest are currently recognised (e.g. WoNS).  The lists are available on the 

Australian Government’s website (Australian Government, 2019) and they are: WoNS, National Environmental 

Alert, Sleeper Weeds, Species Targeted for National Eradication, and Species Targeted for Biological Control. 

To date, no weed species on any of these lists has been recorded at any of the domains. 

To protect WA agriculture the Department of Primary Industry and Development (DPIRD) regulates pests under 

the Biosecurity and Agriculture Management Act 2007 (BAM Act; Government of Western Australia, 2019).  The 

Western Australian Organism List (WAOL) provides the status of organisms which have been categorised under 

the BAM Act.  The WAOL shows the declaration details of organisms that have been declared to be pests 

(including prohibited organisms) or permitted organisms (DPIRD, 2019a).  Each listed organism is declared under 

the BAM Act with certain legal requirements and they are listed as: Declared pests, Prohibited – s12; Permitted – 

s11; Declared Pest – s22(2); Permitted, Requires Permit – r73; and, Unlisted – s14 (DPIRD, 2019b).  Declared pests 

can be assigned to one of three control categories, namely, C1 Exclusion, C2 Eradication or C3 Management 

(DPIRD, 2019b).  These three categories are described in Table A6.1, Appendix 6.  Some declared pests are 

Unassigned and this category is also described in Table A6.1. 

The weed species located at the rehabilitation sites were checked on the WAOL list (DPIRD, 2019a).  Echium 

plantagineum (Salvation Jane, Paterson’s Curse) is a declared plant for the whole of the state; however it has not 

been assigned a control category.  While E. plantagineum was recorded in Domain 2 in 2013 it has not been 

recorded since then.  All of the other weeds are permitted species on WA. 
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Table 5.6: Species similarity comparisons – DPaW, analogue and rehabilitation site data 

Area Total Species Comparison Co-occurring Species Similarity (%) Change Baseline 
to 2014 

Change Baseline 
to 2015 

Change Baseline 
to 2017 

Change Baseline 
to 2018 

Full Species Lists 70% of Species Lists 

2013 2014 2015 2017 2018 2013 2014 2015 2017 2018 2013 2014 2015 2017 2018 2013 2014 2015 2017 2018 Full 
Species 
Lists 

70% of 
Species 
Lists 

Full 
Species 
Lists 

70% of 
Species 
Lists 

Full 
Species 
Lists 

70% of 
Species 
Lists 

Full 
Species 
Lists 

70% of 
Species 
Lists 

Domain 1 
(all sites 
combined) 

N/A N/A 15 25 34 Domain 1 all species with DPaW C3 N/A N/A 8 14 15 N/A N/A 7.7 13.5 14.4 N/A N/A 11.0 19.2 20.5 N/A N/A N/A N/A 5.8 8.2 6.7 9.5 

Domain 1 all species with DPaW C4 N/A N/A 6 6 6 N/A N/A 13.6 13.6 13.6 N/A N/A 19.4 19.4 19.4 N/A N/A N/A N/A 0 0 0 0 

Domain 1 all species with DPaW C5 N/A N/A 6 9 8 N/A N/A 13.3 20.0 17.8 N/A N/A 19.4 29.0 25.8 N/A N/A N/A N/A 6.7 9.6 4.5 6.4 

Domain 1 all species with analogue C3 N/A N/A 5 7 10 N/A N/A 10.4 12.5 20.8 N/A N/A 14.7 17.6 29.4 N/A N/A N/A N/A 2.1 2.9 10.4 14.7 

Domain 1 all species with analogue C4 N/A N/A 6 6 8 N/A N/A 12.8 12.8 17.0 N/A N/A 18.2 18.2 24.2 N/A N/A N/A N/A 0 0 4.2 6.0 

Domain 1 all species with analogue C5 N/A N/A 5 8 8 N/A N/A 12.8 20.5 20.5 N/A N/A 18.5 29.6 29.6 N/A N/A N/A N/A 7.7 11.1 7.7 11.1 

Domain 1 all species with analogue ATA C15 N/A N/A 6 5 6 N/A N/A 23.1 11.5 23.1 N/A N/A 33.3 16.7 33.3 N/A N/A N/A N/A -11.6 -16.6 0 0 

Domain 2 
(all sites 
combined) 

31 40 46 35 40 Domain 2 all species with DPaW C3 11 16 18 20 19 10.6 15.4 17.3 19.2 18.3 15.1 21.9 24.7 27.4 26.0 4.8 6.8 6.7 9.6 8.6 12.3 7.7 10.9 

Domain 2 all species with DPaW C4 2 7 9 11 9 4.5 15.9 20.5 25.0 20.5 6.5 22.6 29.0 35.5 29.0 11.4 16.1 16.0 22.5 20.5 29.0 16.0 22.5 

Domain 2 all species with DPaW C5 2 8 10 13 12 4.4 17.8 22.2 28.9 26.7 6.5 25.8 32.3 41.9 38.7 13.4 19.3 17.8 25.8 24.5 35.4 22.3 32.2 

Domain 2 all species with analogue C3 8 10 14 12 14 16.7 20.8 29.2 22.9 29.2 23.5 29.4 41.2 32.4 41.2 4.1 5.9 12.5 17.7 6.2 8.9 12.5 17.7 

Domain 2 all species with analogue C4 7 9 8 6 7 14.9 19.1 17.0 12.8 14.9 21.2 27.3 24.2 18.2 21.2 4.2 6.1 2.1 3.0 -2.1 -3.0 0 0 

Domain 2 all species with analogue C5 9 8 9 8 10 23.1 20.5 23.1 20.5 25.6 33.3 29.6 33.3 29.6 37.0 -2.6 -3.7 0 0 -2.6 -3.7 2.5 3.7 

Domain 2 all species with analogue ATA C15 10 12 9 7 8 38.5 46.2 34.6 19.2 30.8 55.6 66.7 50.0 27.8 44.4 7.7 11.1 -3.9 -5.6 -19.3 -27.8 -7.7 -11.2 

Domain 3 
(both sites 
combined) 

15 24 38 24 31 Domain 3 all species with DPaW C3 6 14 17 15 21 5.8 13.5 16.3 14.4 20.2 8.2 19.2 23.3 20.5 28.8 7.7 11.0 10.5 15.1 8.6 12.3 14.4 20.6 

Domain 3 all species with DPaW C4 2 7 11 11 13 4.5 15.9 25.0 25.0 29.5 6.5 22.6 35.5 35.5 41.9 11.4 16.1 20.5 29.0 20.5 29.0 25.0 35.4 

Domain 3 all species with DPaW C5 3 8 11 11 13 6.7 17.8 24.4 24.4 28.9 9.7 25.8 35.5 35.5 41.9 11.1 16.1 17.7 25.8 17.7 25.8 22.2 32.2 

Domain 3 all species with analogue C3 6 11 14 14 16 12.5 22.9 29.2 27.1 33.3 17.6 32.4 41.2 38.2 47.1 10.4 14.8 16.7 23.6 14.6 20.6 20.8 29.5 

Domain 3 all species with analogue C4 6 7 8 8 10 12.8 14.9 17.0 17.0 21.3 18.2 21.2 24.2 24.2 30.3 2.1 3.0 4.2 6.0 4.2 6.0 8.5 12.1 

Domain 3 all species with analogue C5 4 8 10 11 12 10.3 20.5 25.6 28.2 30.8 14.8 29.6 37.0 40.7 44.4 10.2 14.8 15.3 22.2 17.9 25.9 20.5 29.6 

Domain 3 all species with analogue ATA C15 9 9 7 5 8 34.6 34.6 26.9 19.2 30.8 50.0 50.0 38.9 27.8 44.4 0 0 -7.7 -11.1 -15.4 -22.2 -3.8 -5.6 

Domain 4 
(one site 
only) 

N/A N/A N/A N/A 44 Domain 4 all species with DPaW C3 N/A N/A N/A N/A 27 N/A N/A N/A N/A 26.0 N/A N/A N/A N/A 37.0 N/A N/A N/A N/A N/A N/A N/A N/A 

Domain 4 all species with DPaW C4 N/A N/A N/A N/A 14 N/A N/A N/A N/A 31.8 N/A N/A N/A N/A 45.2 N/A N/A N/A N/A N/A N/A N/A N/A 

Domain 4 all species with DPaW C5 N/A N/A N/A N/A 15 N/A N/A N/A N/A 33.3 N/A N/A N/A N/A 48.4 N/A N/A N/A N/A N/A N/A N/A N/A 

Domain 4 all species with analogue C3 N/A N/A N/A N/A 15 N/A N/A N/A N/A 31.3 N/A N/A N/A N/A 44.1 N/A N/A N/A N/A N/A N/A N/A N/A 

Domain 4 all species with analogue C4 N/A N/A N/A N/A 9 N/A N/A N/A N/A 19.1 N/A N/A N/A N/A 27.3 N/A N/A N/A N/A N/A N/A N/A N/A 

Domain 4 all species with analogue C5 N/A N/A N/A N/A 7 N/A N/A N/A N/A 17.9 N/A N/A N/A N/A 25.9 N/A N/A N/A N/A N/A N/A N/A N/A 

Domain 4 all species with analogue ATA C15 N/A N/A N/A N/A 8 N/A N/A N/A N/A 30.8 N/A N/A N/A N/A 44.4 N/A N/A N/A N/A N/A N/A N/A N/A 

Species lists used Total number of species in *Commander and Marino Martin (2012) and analogue plots in relevant communities assessed during this monitoring program (left column) and 70% of this total (right column).  The area (ha) of the sites used to generate each species 
list is included in brackets after the number of species. 

DPaW C3 (KPBG species list) 104 (7.4 ha) 73 

DPaW C4 (KPBG species list) 44 (0.28 ha) 31 

DPaW C5 (KPBG species list) 45 (0.20 ha) 31 

Analogue DPaW C3 48 (0.08 ha) 34 

Analogue DPaW C4 47 (0.08 ha) 33 

Analogue DPaW C5 39 (0.08 ha) 27 

Analogue ATA C15 26 (0.08 ha) 18 

Note: C = community.  *BGPA species lists in Commander and Marino Martin (2012) used; however, with some slight modification after data checking some species were combined, for example Allocasuarina acutivalvis and Allocasuarina acutivalvis subsp. prinsepiana.  The Total 

species and Co-occurring species columns for 2017 and 2018 include tree species from the 100 m x 50 m plot and all species recorded in the 20 m x 20 m quadrat for rehabilitation sites.  Trees recorded in the 100 m x 50 m plot for analogue sites in 2013 (additional to species recorded 

in the 20 m x 20 m quadrat) were used to calculate the similarity (%) in 2017 and 2018, for consistency with other calculations in this report. 
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Table 5.7: Weed cover 

 

Areas seeded in 2013 Areas seeded in 2013 Areas seeded in 2013 Areas seeded in 2015 Areas seeded in 2013 Areas seeded in 2015 

 

2013 assessment  2014 assessment 2015 assessment 2015 assessment 2017 assessment 2017 assessment 

 

Area (m2) and cover (%) 

Weed taxa Total 
area per 

ha 
Domain 

2 

Cover 
per ha 

Domain 
2 

Total 
area per 

ha 
Domain 

3 

Cover 
per ha 

Domain 
3 

Total 
area per 

ha 
Domain 

2 

Cover 
per ha 

Domain 
2 

Total 
area per 

ha 
Domain 

3 

Cover 
per ha 

Domain 
3 

Total 
area per 

ha 
Domain 

2 

Cover 
per ha 

Domain 
2 

Total 
area per 

ha 
Domain 

3 

Cover 
per ha 

Domain 
3 

Total 
area per 

2 ha 
Domain 

1 

Cover 
per ha 

Domain 
1 

Total 
area per 

ha 
Domain 

2 

Cover 
per ha 

Domain 
2 

Total 
area per 

ha 
Domain 

2 

Cover 
per ha 

Domain 
2 

Total 
area per 

ha 
Domain 

3 

Cover 
per ha 

Domain 
3 

Total 
area per 

2 ha 
Domain 

1 

Cover 
per ha 

Domain 
1 

Total 
area per 

ha 
Domain 

2 

Cover 
per ha 

Domain 
2 

Arctotheca calendula 17.420 0.174 1.580 0.016 49.764 0.498 0.951 0.010 82.990 0.830 1.846 0.018 3.017 0.015 0 0 7.992 0.080 0.005 0.000 1.258 0.006 0 0 

Avena spp. 0.015 0.000 0.035 0.000 0 0 0 0.000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Brassica tournefortii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Bromus spp. 0.650 0.007 0.290 0.003 0.093 0.001 0.083 0.001 0.011 0.000 0.001 0.000 0.002 0.000 0 0 0 0 0 0 0.003 0.000 0 0 

Carrichtera annua 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cuscuta planiflora 0 0 0 0 1.032 0.010 1.595 0.016 1.084 0.011 5.707 0.057 0 0 0 0 0 0 0.003 0.000 0 0 0 0 

Echium plantagineum 0.010 0.000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ehrharta spp. 0.990 0.010 0.500 0.005 0.022 0.000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hordeum spp. 0.010 0.000 0.000 0.000 0.244 0.002 0 0 0.009 0.000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hypochaeris radicata 0.025 0.000 0.049 0.000 0.062 0.001 0.027 0.000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Lamarckia aurea 0.005 0.000 0 0 0 0 0 0 0 0 0.008 0.000 0 0 0 0 0 0 0 0 0 0 0 0 

Limonium lobatum 0.020 0.000 0 0 0.346 0.003 0.061 0.001 0.251 0.003 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Lolium rigidum 0.035 0.000 0.090 0.001 0.002 0.000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Mesembryanthemum 
nodiflorum 

44.216 0.442 0.378 0.004 631.293 6.313 2.323 0.023 2.950 0.029 0 0 0.420 0.002 0.010 0.000 0.644 0.006 0 0 2.192 0.011 0.094 0.001 

Monoculus monstrosus 0 0 0 0 0.021 0.000 0.032 0.000 0 0 0.004 0.000 0 0 0 0 0 0 0 0 0 0 0 0 

Pentameris airoides 0.540 0.005 0.018 0.000 0.683 0.007 0.167 0.002 0 0 0.005 0.000 0 0 0 0 0 0 0 0 0 0 0 0 

Petrorhagia dubia 0.000 0.000 0 0 0 0 0.026 0.000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Rostraria pumila 0.085 0.001 0.030 0.000 0.041 0.000 0.002 0.000 0.005 0.000 0 0 0 0 0 0 0.024 0.000 0 0 0 0 0 0 

Rumex hypogaeus 0.170 0.002 0.010 0.000 0.502 0.005 0 0 0.361 0.004 0 0 0 0 0 0 0 0 0 0 0.080 0.000 0 0 

Rumex vesicarius 0.173 0.002 0.018 0.000 0.685 0.007 0.974 0.010 0.116 0.001 0 0 1.764 0.009 0 0 0.054 0.001 0 0 0.208 0.001 0 0 

Schismus arabicus 0 0 0 0 0.002 0.000 0 0 1.496 0.015 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sisymbrium erysimoides 0 0 0 0 0.010 0.000 0 0 0.010 0.000 0 0 0.933 0.005 0 0 0 0 0 0 0 0 0 0 

Sonchus oleraceus 0.221 0.002 0.010 0.000 0.061 0.001 0 0 0.063 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Spergula pentandra 4.643 0.046 0 0 93.690 0.937 0 0 1.232 0.012 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Vulpia myuros forma 
myuros 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total 69.226 0.692 3.007 0.030 778.552 7.786 6.241 0.062 90.579 0.906 7.572 0.076 6.136 0.031 0.010 0.000 8.714 0.087 0.009 0.000 3.741 0.019 0.094 0.001 

Note: Echium plantagineum is a Declared Pest in the whole of WA (s22(2)); however, its control category is ‘Unassigned’. 
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Areas seeded in 2013 Areas seeded in 2015 Areas seeded in 2013 Areas seeded in 2015 Analogue sites 

 

2018 assessment 2018 assessment Overall change in cover 
(%) 2013-2018 

Overall change in cover 
(%) 2015-2018 

 

Area (m2) and cover (%) Weed cover (%) 

Weed taxa Total 
area per 

ha 
Domain 2 

Cover per 
ha Domain 

2 

Total area 
per ha 

Domain 3 

Cover per 
ha Domain 

3 

Total area 
per 2 ha 

Domain 1 

Cover per 
ha Domain 

1 

Total area 
per ha 

Domain 2 

Cover per 
ha Domain 

2 

Total area 
per 0.5 ha 
Domain 4 

Cover per 
ha Domain 

4 

Domain 2 Domain 3 Domain 1 Domain 2 DPaW C 
3 

DPaW C 
4 

DPaW C 
5 

ATA 
C 15 

Arctotheca calendula 3.037 0.030 0.003 0.000 1.775 0.009 0.007 0.000 0.003 0.000 -0.1438 -0.0158 -0.0062 0.0001     <1 <1 

Avena spp. 0 0 0 0 0 0 0 0 0 0 -0.0002 -0.0004 0 0         

Brassica tournefortii 0 0 0 0 1.440 0.007 0 0 0 0 0 0 0.0072 0         

Bromus spp. 0.045 0.000 0 0 0 0 0.001 0.000 0.000 0.000 -0.0060 -0.0029 0.0000 0.0000         

Carrichtera annua 0.090 0.001 0 0 0.090 0.000 0 0 0 0 0.0009 0 0.0005 0         

Cuscuta planiflora 3.628 0.036 4.584 0.046 0.039 0.000 0 0 0 0 0.0363 0.0458 0.0002 0 <1 <1   <1 

Echium plantagineum 0 0 0 0 0 0 0 0 0 0 -0.0001 0 0 0         

Ehrharta spp. 0 0 0 0 0 0 0 0 0 0 -0.0099 -0.0050 0 0 <1       

Hordeum spp. 0.000 0.000 0 0 0 0 0 0 0 0 -0.0001 0 0 0         

Hypochaeris radicata 0.005 0.000 0 0 0 0 0 0 0.031 0.001 -0.0002 -0.0005 0 0         

Lamarckia aurea 0 00 0.000 0 0 0 0 0 0 0 -0.0001 0 0 0         

Limonium lobatum 4.741 0.047 0 0 2.606 0.013 0.165 0.002 0.031 0.001 0.0472 0 0.0130 0.0016         

Lolium rigidum 0 0 0 0 0 0 0 0 0 0 -0.0004 -0.0009 0 0         

Mesembryanthemum nodiflorum 68.071 0.681 0 0 299.539 1.498 55.035 0.550 32.606 0.652 0.2386 -0.0038 1.4956 0.5503         

Monoculus monstrosus 0 0 0 0 0 0 0 0 0 0 0 0 0 0       <1 

Pentameris airoides 0 0 0 0 0 0 0 0 0 0 -0.0054 -0.0002 0 0 5       

Petrorhagia dubia 0 0 0 0 0 0 0 0 0 0 0.0000 0 0 0         

Rostraria pumila 0.002 0.000 0 0 0 0 0 0 0 0 -0.0008 -0.0003 0 0         

Rumex hypogaeus 0 0 0 0 0 0 0.001 0.000 0 0 -0.0017 -0.0001 0 0.0000         

Rumex vesicarius 1.635 0.016 0 0 2.425 0.012 0.014 0.000 2.670 0.053 0.0146 -0.0002 0.0033 0.0001         

Schismus arabicus 0.018 0.000 0 0 0.018 0.000 0 0 0 0 0.0002 0 0.0001 0         

Sisymbrium erysimoides 6.983 0.070 0 0 0.327 0.002 0 0 0 0 0.0698 0 -0.0030 0         

Sonchus oleraceus 0 0 0 0 0 0 0 0 0.013 0.000 -0.0022 -0.0001 0 0         

Spergula pentandra 0.111 0.001 0 0 0 0 0 0 0 0 -0.0453 0 0 0         

Vulpia myuros forma myuros 0.010 0.000 0 0 0 0 0 0 0 0 0.0001 0 0 0         

Total 88.366 0.884 4.588 0.046 308.259 1.541 55.221 0.552 35.355 0.707 -0.6051 -0.0300 -0.0120 0.0008 5 <1 <1 <1 

Note: C3, C4, C5, C15 = Community 3, 4, 5 and 15.  Cells highlighted different shades of pink indicate weed species having highest cover in each domain in each year, the darker the shade the higher the cover.  A value of 0.000 in a cell indicates that weeds were present but at a cover 

too low to be represented by three decimal places; a 0 value in a cell indicates that no weeds were located.  The overall total and average weed cover values for 2013, 2014, 2015, 2017 and 2018 are included in the bottom rows of this table.  The way in which weed cover calculations 

are made was amended in 2015 and the numbers before 2015 were retrospectively changed using the new method: because of this some numbers in past reports will be different from those in the table above. 
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5.2  EROSION MONITORING  

The three erosion transects established at the two erosion monitoring sites in Domain 2 in 2013 (Table 5.8) were 

assessed in 2018 (five year old rehabilitation areas).  The coordinates for the three marker posts established along 

each of the six transects are listed in Table A2.1, Appendix 2.  Information collected on landform stability 

measurements and surface development measurements along each transect is presented in the following 

sections. 

Table 5.8: Erosion monitoring sites 

Site identifier Domain (number of transects) Long-term or temporary 

KD2E1 Domain 2b (three) Long-term 

KD2E2 Domain 2a (three) Long-term 

 

Photographs of the upperslope (U), midslope (M) and footslope (F) erosion transects are shown in Table A4.1, 

Appendix 4. Photographs of different types of erosion at Domain 2b and 2a (2017 and 2018) are shown in 

Table A4.2 and A4.3, Appendix 4 and areas of water ponding at Domain 3 and 1 (2017 and 2018) are shown in 

Table A4.4, Appendix 4. 

5.2.1 LANDFORM STABILITY MEASUREMENTS 

5.2.1.1 Broad Scale Observations - Domain 1 

The following broad scale observations were noted in October 2018 for the areas rehabilitated as Domain 1: 

• The rehabilitation area is flat. 

• As in 2017 water erosion could be seen at KD1R3 (Table A4.4, Appendix 4).  There appears to be a lot of 

surface water flow over this area. 

• No ponding water was observed in September 2018. 

• The rehabilitation area in the vicinity of KD1R1 is still relatively bare of plants – this could be a result of a 

blockage in the seeder, if one was used, during the seeding process or the result of the area being too wet 

when it was rehabilitated and after it was seeded.  The area around KD1R2 is low-lying and it appears that 

less topsoil was used here than in other areas. 

• There is little to no rock armouring or coarse woody debris in this domain. 

5.2.1.2 Broad Scale Observations - Domain 2 

The following broad scale observations were noted in October 2018 for the areas rehabilitated as Domain 2: 

• Erosion gullies have formed on some slopes in this domain including across the erosion transects 

(Table A4.2 and A4.3, Appendix 4) and rehabilitation monitoring site KD2R1. 

• Areas likely to pond water were noted especially around KD2R4 (Table A4.4, Appendix 4); however, 

ponding water was not observed in September 2017. 

• Virtually no plants have grown on the rehabilitation area where KD2R3 was established, it appears that 

there is no topsoil in this area. 

• There is little to no rock armouring or coarse woody debris in this domain. 
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5.2.1.3 Broad Scale Observations - Domain 3 

The following broad scale observations were noted in September 2018 for the area rehabilitated as Domain 3: 

• This rehabilitation area is flat. 

• No erosion gullies were evident. 

• There are areas where water has ponded in this domain.  They occur at the base of the slope of a section 

of Domain 2b (Table A4.2, Appendix 4).  In 2018, as in 2017, plant cover was obviously denser in these 

areas than elsewhere. 

• No ponding water was observed when the botanists carried out the assessment in October 2018. 

• There is little to no rock armouring or coarse woody debris in this domain. 

5.2.1.4 Broad Scale Observations - Domain 4 

The following broad scale observations were noted in September 2018 for the area rehabilitated as Domain 4: 

• This rehabilitation area is flat. 

• No erosion was evident: there is a lot of coarse woody material in this area and rock armouring. 

5.2.1.5 Rills - Domain 1 

No erosion monitoring transects were established at Domain 1 because the area is flat. 

5.2.1.6 Rills - Domain 2 

The total number of rills present along the erosion monitoring transects has increased from four to 41 since 2013 

(Table 5.9).  No rills were recorded at KD2E1 in 2013 and five were recorded in 2018.  Four rills were located at 

KD2E2 in 2013 and 36 in 2018.  The topsoil spread over the area where KD2E2 is located was much looser and 

finer than that used at KD2E1, which could explain the difference in rill numbers at KD2E2 and KD2E1. 

The mean width of rills at the land surface and base of rills located at each erosion monitoring transect in 2018 is 

shown in Figure 5.16 and 5.17 and mean rill depth is shown in Figure 5.18.  The means for measurements made in 

2013, 2014, 2015 and 2017 are also included on these figures. 

Land surface rill mean width (Figure 5.16): land surface rill widths are wider at KD2E1 erosion transects than at the 

KD2E2 transects.  In 2018, the maximum mean rill width was 158 cm at the midslope transect at KD2E1.  Fewer 

rills have developed at the upperslope transect at KD2E1 than at the mid and footslope transects.  The mean rill 

width at midslope KD2E1 was 158 cm and at the footslope it was 143 cm.  No rills have developed along the 

upperslope transect at KD2E2 (KD2E2-1) since the erosion transects were established, and those recorded along 

the midslope transects have grown gradually since 2013 to a maximum mean width in 2018 of 64 cm and on the 

footslope transect to a maximum mean width of 55 cm. 

Basal rill mean width (Figure 5.17): basal rill mean width is wider at KD2E1 than at KD2E2 transects.  In 2018 the 

widest mean basal width recorded was 130 cm at the midslope transect of KD2E1.  In 2018, the widest mean rill 

width at KD2E2 was 34 cm at the lowerslope transect. 

Mean rill depth (Figure 5.18): in 2018 the rills were deeper at KD2E2 than at KD2E1 and the greatest mean depth 

was recorded at the footslope transect of KD2E2 (23 cm) all other mean rill depths were less than 20 cm.  Rill 

depth increased at the upperslope transect of KD2E1 but decreased at the mid and lowerslope transects - as the 

soil is finer here than at KD2E2 it is likely that the sides of some rills have collapsed reducing rill depth.  Mean rill 
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depth at KD2E2 midslope and footslope transects has gradually increased since 2013 (10 cm to 17 cm for the 

midslope transect and 12 cm to 23 cm at the footslope transect. 

In 2018 all rills measured at KD2E1 were U shaped and at KD2E2 they were a mix of undercut, V shaped or U 

shaped but predominantly U shaped (Table 5.9). 

Table 5.9: Domain 2 erosion monitoring transect rills 

Site Transect Year Number 
of rills 

Rill  
number 

Average 
depth of 
3 (cm) 

Width at 
Base (cm) 

Width at 
land 
surface 
(cm) 

Shape (U, 
V or 
undercut) 

KD2E1-1 1 2013 None - - - - - 

KD2E1-1 1 2014 None - - - - - 

KD2E1-1 1 2015 None - - - - - 

KD2E1-1 1 2017 1 1 8.7 105 120 U 

KD2E1-1 1 2018 
2 

1 5.7 110 123 U 

KD2E1-1 1 2018 2 27.0 15 40 U 

KD2E1-2 2 2013 None - - - - - 

KD2E1-2 2 2014 1 1 27.0 24 60 Undercut 

KD2E1-2 2 2015 1 1 96.3 164 138 Undercut 

KD2E1-2 2 2017 
2 

1 24.3 21 54 Undercut 

KD2E1-2 2 2017 2 70.0 149 166 U 

KD2E1-2 2 2018 1 1 70.3 130 158 U 

KD2E1-3 3 2013 None - - - - - 

KD2E1-3 3 2014 

3 

1 22.2 32 40 U 

KD2E1-3 3 2014 2 22.3 33 42 U 

KD2E1-3 3 2014 3 10.0 27 50 U 

KD2E1-3 3 2015 
2 

1 13.7 69 68 Undercut 

KD2E1-3 3 2015 2 8.0 33 34 Undercut 

KD2E1-3 3 2017 1 1 18.0 90 442 U 

KD2E1-3 3 2018 
2 

1 8.0 133 150 U 

KD2E1-3 3 2018 2 14.0 123 135 U 

KD2E2-1 1 2013 None - - - - - 

KD2E2-1 1 2014 None - - - - - 

KD2E2-1 1 2015 None - - - - - 

KD2E2-1 1 2017 None - - - - - 

KD2E2-1 1 2018 None - - - - - 

KD2E2-2 2 2013 

3 

1 4.7 6 9 U 

KD2E2-2 2 2013 2 5.3 3 7 Undercut 

KD2E2-2 2 2013 3 19.7 35 43.9 Undercut 

KD2E2-2 2 2014 

4 

1 13.7 16 21 Undercut 

KD2E2-2 2 2014 2 15.8 20 28 U 

KD2E2-2 2 2014 3 14.7 15 74 U 

KD2E2-2 2 2014 4 17.0 11 22 U 

KD2E2-2 2 2015 9 1 7.0 7 8 Undercut 
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Site Transect Year Number 
of rills 

Rill  
number 

Average 
depth of 
3 (cm) 

Width at 
Base (cm) 

Width at 
land 
surface 
(cm) 

Shape (U, 
V or 
undercut) 

KD2E2-2 2 2015 2 8.7 6 37 Undercut 

KD2E2-2 2 2015 3 33.0 10 21 U 

KD2E2-2 2 2015 4 12.3 65 82 U 

KD2E2-2 2 2015 5 10.0 14 53 U 

KD2E2-2 2 2015 6 28.7 25 54 Undercut 

KD2E2-2 2 2015 7 3.7 4 14 Undercut 

KD2E2-2 2 2015 8 2.7 3 17 Undercut 

KD2E2-2 2 2015 9 16.7 12 38 Undercut 

KD2E2-2 2 2017 

21 

1 27.0 26 40 Undercut 

KD2E2-2 2 2017 2 7.0 14 25 Undercut 

KD2E2-2 2 2017 3 2.0 9 20 U 

KD2E2-2 2 2017 4 12.0 8 22 U 

KD2E2-2 2 2017 5 8.0 12 40 U 

KD2E2-2 2 2017 6 6.0 6 24 U 

KD2E2-2 2 2017 7 3.0 8 20 U 

KD2E2-2 2 2017 8 12.0 10 39 Undercut 

KD2E2-2 2 2017 9 13.0 16 17 Undercut 

KD2E2-2 2 2017 10 36.0 34 50 Undercut 

KD2E2-2 2 2017 11 32.0 15 46 Undercut 

KD2E2-2 2 2017 12 45.0 34 60 Undercut 

KD2E2-2 2 2017 13 50.0 16 84 V 

KD2E2-2 2 2017 14 38.0 11 77 Undercut 

KD2E2-2 2 2017 15 25.0 11 29 Undercut 

KD2E2-2 2 2017 16 10.0 10 16 U 

KD2E2-2 2 2017 17 15.0 11 52 Undercut 

KD2E2-2 2 2017 18 11.0 6.5 49 V 

KD2E2-2 2 2017 19 17.0 15 38 Undercut 

KD2E2-2 2 2017 20 9.0 7 18 U 

KD2E2-2 2 2017 21 16.0 21 22 Undercut 

KD2E2-2 2 2018 

19 

1 35.3 25 49 U 

KD2E2-2 2 2018 2 17.3 14 19 U 

KD2E2-2 2 2018 3 22.3 10 9 U 

KD2E2-2 2 2018 4 9.3 16 48 U 

KD2E2-2 2 2018 5 9.3 124 135 U 

KD2E2-2 2 2018 6 6.7 36 217 U 

KD2E2-2 2 2018 7 24.3 24 65 U 

KD2E2-2 2 2018 8 9.7 40 34 U 

KD2E2-2 2 2018 9 5.3 10 16 U 

KD2E2-2 2 2018 10 21.0 34 66 U 

KD2E2-2 2 2018 11 18.0 17 68 U 

KD2E2-2 2 2018 12 32.0 23 108 V 
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Site Transect Year Number 
of rills 

Rill  
number 

Average 
depth of 
3 (cm) 

Width at 
Base (cm) 

Width at 
land 
surface 
(cm) 

Shape (U, 
V or 
undercut) 

KD2E2-2 2 2018 13 28.3 10 87 V 

KD2E2-2 2 2018 14 20.0 12 78 V 

KD2E2-2 2 2018 15 17.7 10 24 Undercut 

KD2E2-2 2 2018 16 11.3 14 43 U 

KD2E2-2 2 2018 17 8.3 19 51 U 

KD2E2-2 2 2018 18 13.0 11 62 U 

KD2E2-2 2 2018 19 13.7 12 43 U/V 

KD2E2-3 3 2013 1 1 15.0 23 28 Undercut 

KD2E2-3 3 2014 

5 

1 34.3 20 50 Undercut 

KD2E2-3 3 2014 2 4.0 9 13 U 

KD2E2-3 3 2014 3 3.5 7 11 Undercut 

KD2E2-3 3 2014 4 17.3 10 81 V 

KD2E2-3 3 2014 5 6.0 14 45 Undercut 

KD2E2-3 3 2015 

8 

1 14.0 35 27 Undercut 

KD2E2-3 3 2015 2 7.7 12 40 U 

KD2E2-3 3 2015 3 28.7 30 90 Undercut 

KD2E2-3 3 2015 4 5.3 15 20 Undercut 

KD2E2-3 3 2015 5 6.3 7 10 Undercut 

KD2E2-3 3 2015 6 12.7 17 18 Undercut 

KD2E2-3 3 2015 7 4.0 10 9 Undercut 

KD2E2-3 3 2015 8 45.3 42 60 Undercut 

KD2E2-3 3 2017 

15 

1 21.3 13 19 Undercut 

KD2E2-3 3 2017 2 18.0 29 44 Undercut 

KD2E2-3 3 2017 3 27.0 200 218 Undercut 

KD2E2-3 3 2017 4 42.0 67 91 Undercut 

KD2E2-3 3 2017 5 3.0 9 12 U 

KD2E2-3 3 2017 6 9.3 15 27 Undercut 

KD2E2-3 3 2017 7 20.3 15 46 Undercut 

KD2E2-3 3 2017 8 11.0 25 45 Undercut 

KD2E2-3 3 2017 9 4.7 22 26 Undercut 

KD2E2-3 3 2017 10 7.3 12 27 U 

KD2E2-3 3 2017 11 9.0 14 30 Undercut 

KD2E2-3 3 2017 12 22.3 17 46 Undercut 

KD2E2-3 3 2017 13 3.7 25 31 U 

KD2E2-3 3 2017 14 36.7 75 92 Undercut 

KD2E2-3 3 2017 15 8.3 22 33 U 

KD2E2-3 3 2018 

17 

1 25.0 10 23 U 

KD2E2-3 3 2018 2 19.3 20 31 U 

KD2E2-3 3 2018 3 16.0 15 16 U 

KD2E2-3 3 2018 4 35.7 38 64 Undercut 

KD2E2-3 3 2018 5 23.0 142 150 U 
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Site Transect Year Number 
of rills 

Rill  
number 

Average 
depth of 
3 (cm) 

Width at 
Base (cm) 

Width at 
land 
surface 
(cm) 

Shape (U, 
V or 
undercut) 

KD2E2-3 3 2018 6 55.0 63 108 U 

KD2E2-3 3 2018 7 8.7 10 18 U 

KD2E2-3 3 2018 8 21.7 60 73 U 

KD2E2-3 3 2018 9 24.7 13 32 U 

KD2E2-3 3 2018 10 19.3 31 37 U 

KD2E2-3 3 2018 11 32.7 19 36 U 

KD2E2-3 3 2018 12 10.0 32 62 U 

KD2E2-3 3 2018 13 8.3 19 29 U 

KD2E2-3 3 2018 14 16.7 10 25 U 

KD2E2-3 3 2018 15 20.7 23 53 U 

KD2E2-3 3 2018 16 8.0 30 51 U 

KD2E2-3 3 2018 17 42.0 50 133 Undercut 

 

 

Figure 5.16: Mean width (cm ± standard error) of rills at land surface, 2013 – 2018 
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Figure 5.17: Mean width (cm ± standard error) of rills at base, 2013 - 2018 

 

Figure 5.18: Mean depth (cm ± standard error) of rills, 2013 - 2018 
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5.2.1.7 Rills - Domain 3 

No erosion monitoring transects were established at Domain 3, as the area is flat. 

5.2.1.8 Rills - Domain 4 

No erosion monitoring transects were established at Domain 4 because the seeded area is flat. 

5.2.1.9 Rills Analogue Areas 

No rills or areas of ponding water were noted in any of the 100 m x 50 m analogue sites assessed in 2013. 

5.2.2 SURFACE DEVELOPMENT MEASUREMENTS 

The basal cover for each plant (native and non-native) touching the transect tape was measured and totalled and 

a percentage basal cover was calculated for each 50 m long transect (Table 5.10; Figure 5.19).  Similarly rock cover 

(all rocks < 10 cm and > 10 cm in diameter) was calculated for each transect (Table 5.10). 

Basal cover increased from 2013 to peak in 2015 at all transects except KD2E2-1, where it peaked in 2014 

(Figure 5.19).  Basal cover ranged from 3% to 36% in 2014 / 2015 (compared with <1% to 1.5% in 2013).  The much 

higher cover in 2014 and 2015 was a result of good shrub growth and prolific weed growth.  By 2017 basal cover 

had decreased to between 1.1% and 11.5%, mostly likely the result of weeds dying off over that time (particularly 

Iceplant), and the lower rainfall received in 2017 compared with 2013, 2014 and 2015.  In 2018 basal cover ranged 

from 1.7% and 10.6% and it had increased along the two upper transects but decreased at the lower transect at 

each erosion monitoring site. 

There are few rocks > 10 cm in diameter along all three transects at each erosion monitoring site (< 1% at each 

transect). 

Smaller rocks (< 10 cm) and patches of gravel occur along each transect and their combined cover ranged between 

69.8% (KD2E2 upperslope transect) and 100% (KD2E1 footslope transect) in 2018. 

 



S i n o s t e e l  M i d w e s t  C o r p o r a t i o n  L i m i t e d :  K o o l a n o o k a  R e h a b i l i t a t i o n  a n d  E r o s i o n  M o n i t o r i n g  P r o g r a m ,  S p r i n g  2 0 1 8  A s s e s s m e n t  

m a i a  P a g e  6 3  

T a b l e  5 . 1 0 :  S u r f a c e  d e v e l o p m e n t  m e a s u r e s  

Site Transect Vegetation basal surface cover (%) Surface rock cover 
> 10 cm (%) 

Surface rock (< 10 cm) and gravel cover (%) 

2013 2014 2015 2017 2018 2013 2014 2015 2017 2018 2014 2015 2017 2018 Comment on gravel type and extent 

KD2E1 1 (U) 0.28 2.70 7.06 1.14 1.72 < 1 < 1 < 1 < 1 < 1 50.5 59.0 72.4 72.5 Fine gravel dominated along most of the transect 

2 (M) 1.04 11.66 19.25 3.76 6.10 < 1 < 1 < 1 < 1 < 1 35.0 28.5 61.5 95.8 Fine gravel dominated along most of the transect  

3 (F) 1.33 25.54 36.20 6.57 4.72 < 1 < 1 < 1 < 1 < 1 64.5 81.0 74.7 100 Coarse gravel dominated along most of the transect 

KD2E2 1 (U) 0.96 35.84 32.92 4.2 10.56 < 1 < 1 < 1 < 1 < 1 2.0 8.7 6.2 69.8 Fine gravel dominated along most of the transect 

2 (M) 1.52 20.72 26.35 2.38 3.74 < 1 < 1 < 1 < 1 < 1 8.6 21.1 57.5 90 Fine gravel dominated along most of the transect 

3 (F) 1.24 20.04 25.37 5.22 4.04 < 1 < 1 < 1 < 1 < 1 7.3 15.2 57.0 90 Fine and fine gravel dominated along most of the transect 

N o t e :  i n  c o l u m n  2  U  =  u p p e r s l o p e  t r a n s e c t ,  M  =  m i d s l o p e  t r a n s e c t ,  F  =  f o o t s l o p e  t r a n s e c t .  

 

 

F i g u r e  5 . 1 9 :  T o t a l  b a s a l  c o v e r  ( % )  a l o n g  e r o s i o n  t r a n s e c t s  a t  D o m a i n  2 ,  2 0 1 3  –  2 0 1 8  

0

5

10

15

20

25

30

35

40

2
0

1
3

2
0

1
4

2
0

1
5

2
0

1
7

2
0

1
8

2
0

1
3

2
0

1
4

2
0

1
5

2
0

1
7

2
0

1
8

2
0

1
3

2
0

1
4

2
0

1
5

2
0

1
7

2
0

1
8

2
0

1
3

2
0

1
4

2
0

1
5

2
0

1
7

2
0

1
8

2
0

1
3

2
0

1
4

2
0

1
5

2
0

1
7

2
0

1
8

2
0

1
3

2
0

1
4

2
0

1
5

2
0

1
7

2
0

1
8

KD2E1-1 KD2E1-2 KD2E1-3 KD2E2-1 KD2E2-2 KD2E2-3

B
as

al
 c

o
ve

r 
(%

)

Erosion transect and year



S i n o s t e e l  M i d w e s t  C o r p o r a t i o n  L i m i t e d :  K o o l a n o o k a  R e h a b i l i t a t i o n  a n d  E r o s i o n  M o n i t o r i n g  P r o g r a m ,  S p r i n g  2 0 1 8  A s s e s s m e n t  

m a i a  P a g e  6 4  

 

T h i s  p a g e  i s  i n t e n t i o n a l l y  b l a n k .  
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5.3  INTRODUCED FAUNA AND CONSERVATION SIGNIFICANT FLORA 

5.3.1 INTRODUCED FAUNA 

Maia has been carrying out surveys at Koolanooka since 2010 and each time a survey has been carried out the 

botanists have observed goats on SMC’s tenements.  Mobs of 5 to 10 goats are generally seen at a time, however, 

mobs of up to 20-30 have been observed on the flats around the hills in some years.  In 2013 and 2014 goats were 

observed grazing the young vegetation at Domain 2 and Domain 3.  When vegetation and rehabilitation 

monitoring assessments were being carried out on the tenements in September 2017 about 14 goats (adults and 

kids) were seen around the pit, wandering over areas to the north-west of the pit and moving between the pit and 

Domains 2 and 3 during the day.  In 2018 16 goats (adults and kids) were seen around the pit area. 

In previous years a fox has been observed by the botanists carrying out spring surveys at Koolanooka.  However, 

no foxes were seen at Koolanooka in 2018. 

5.3.2 CONSERVATION SIGNIFICANT FLORA 

No conservation significant flora (CSF) species were recorded in the rehabilitation assessment sites in 2018. 

Two CSF species (Lepidosperma sp. Koolanooka and Millotia dimorpha, both Priority 1 species) have been located 

at three of the 16 TEC vegetation monitoring plots that were established on SMC’s tenements at Koolanooka 

(Map 8.4, Section 8).  While the vegetation monitoring plots are no longer assessed annually, the number of CSF 

plants at the three monitoring plots in which they occur (K02, K10 and K16) are counted when the rehabilitation 

monitoring plots are assessed. 

Since 2010 the number of L. sp. Koolanooka (a perennial species) has increased from 12 to 13 plants while the 

number of M. dimorpha (an annual species) has fluctuated.  Approximately 350 plants were recorded in 2012, 

2,500 plants in 2013 and 1,630 in 2014, 15 plants in 2015, four plants in 2017 and more than 3,000 in 2018. 

The goats that have been observed at Koolanooka appear not to be affecting the L. sp. Koolanooka.  The year to 

year fluctuations in the number of M. dimorpha appear to be reflecting variable seasonal conditions (rainfall and 

temperature and timing of rainfall in autumn and winter months) and not the effects of feral animal grazing. 
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6 DISCUSSION 
A Rehabilitation Monitoring Plan was developed to address selected clauses in condition 13 (Rehabilitation and 

Mine Closure) of MS 811 issued under the Environmental Protection Act 1986 (WA) for the project, and relevant 

sections of the Mine Closure Plan developed for Koolanooka (SMC, 2012).  It was designed to answer seven main 

questions.  These seven questions are listed in dot points below and each is discussed with respect to the results 

of this monitoring program. 

• Does the re-established vegetation have not less than 70% (not including weed species) of the known original 

species diversity? (to be met within five years following the cessation of productive mining). 

o The Koolanooka rehabilitation monitoring sites were established in 2013, 2015 and 2018 and the 

vegetation in the rehabilitated areas is now approximately three or five years old.  Four sites 

were established on Domain 1 in 2015, two on Domain 2 in 2013, two in Domain 2 in 2015, two 

on Domain 3 in 2013 and one on Domain 4 in 2018. 

o The reference community for Domain 1 is DPaW C5.  When the 2018 combined Domain 1 

rehabilitation sites species list is compared with BGPA’s species lists for DPaW communities C3, 

C4 and C5, it is most similar to DPaW C5 (17.8%).  When compared with each of the analogue plot 

species lists, the 2018 Domain 1 species list is most similar to the analogue ATA C15 suite of 

species (23.1% similarity).  These percentages equate to 25.8% of the 70% minimum for DPaW 

C5and 33.3% for analogue ATA C15.  In 2018 the species recorded at the Domain 1 rehabilitation 

sites are therefore most similar to ATA C15, which is not the reference community for Domain 1. 

o The reference community for Domain 2 is either DPaW C3 or C4.  When the 2018 Domain 2 

rehabilitation sites species list (collated from all Domain 2 sites) is compared with BGPA’s species 

lists for DPaW communities 3, 4 and 5, it is most similar to DPaW C5 (26.7%); however, when 

compared with the analogue plot species lists it is most similar to the analogue ATA C15 suite of 

species (30.8% similarity).  These percentages equate to 38.7% of the 70% minimum for DPaW 

C5and 44.4% for analogue C15.  The species recorded at the Domain 2 rehabilitation sites in 2018 

are most similar to the DPaW C5 and ATA C15 communities, which are not the reference 

communities for this domain. 

o The reference community for Domain 3 is ATA C15.  When the 2018 Domain 3 species list 

(collated from the two Domain 3 rehabilitation sites) is compared with the full species lists for 

DPaW communities C3, C4 and C5 and the analogue plots, it is most similar to analogue C3 

(33.3%) and analogues C5 and C15 (30.8% similarity with both).  The species recorded at Domain 

3 rehabilitation sites in 2018 are therefore not most similar to the reference community for 

Domain 3 (ATA C15). 

o Based on the data presented in this report species diversity at all of the domains is below 70% of 

the original known species diversity in the surrounding vegetation communities.  It will 

undoubtedly increase over the coming years (as over the past three to five years) but it has not 

achieved the 70% target at the areas rehabilitated in 2013, which are now five years from the 

cessation of productive mining.  The 70% target will probably not be achieved at the areas 

rehabilitated in 2015, which will be five years old in 2020.  The highest similarities to the 70% 

species lists in 2018 were 48.4% for Domain 4 compared with DPaW C5 and 47.1% for Domain 3 

compared with DPaW C3. 

• Is weed cover at rehabilitated areas no more than that in undisturbed bushland in the area or less than 10%, 

whichever is the lesser? (to be met within five years following the cessation of productive mining). 

o In 2018 total weed cover had increased at most of the domains; however, it was less than 1% at 

three of the domains and less than 2% at Domain 1.  The weed cover at analogue sites was 5% at 
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analogue C5 and approximately 1% at the remainder (each weed species recorded was noted as 

being present at a cover of <1%). 

o Based on these percentages, between three and five years after seeding, weed cover is no more 

than the average of that for the bushland in the surrounding area.  In addition to this, none of the 

weeds located in 2018 is a declared pest in WA. 

• Are the measures carried out to ensure that the final pit voids do not cause significant environmental impacts 

working effectively (re feral animals and significant flora populations in the area)? 

o Two conservation significant flora species have been located in some of the vegetation 

monitoring plots that were assessed each September around the mine at Koolanooka between 

2010 and 2015 (Lepidosperma sp. Koolanooka and Millotia dimorpha, both Priority 1 species).  

Between 2010 and 2018 the number of L. sp. Koolanooka (a perennial species) increased by one 

(from 12 to 13 plants) while the number of M. dimorpha (an annual species) has fluctuated 

between 2010 and 2017: approximately 350 plants were recorded in 2012, 2,500 plants in 2013, 

1,630 in 2014, 15 in 2015, four plants in 2017 and more than 3,000 in 2018.  Goats that have 

been observed at Koolanooka appear not to be affecting the L. sp. Koolanooka.  The year to year 

fluctuations in the number of M. dimorpha will be reflecting variable seasonal conditions (rainfall 

and temperature and timing of rainfall in autumn and winter months) rather than the effects of 

feral animal grazing. 

o Feral animals do not appear to be having any impact on the conservation significant flora species 

located at vegetation monitoring sites around the pit. 

• Is the rehabilitation performing as required? 

o BioCondition 

▪ The BioCondition assessment provides an indication of whether the vegetation in 

rehabilitated areas is performing as required i.e. the re-vegetation becoming similar to 

like vegetation in the surrounding area over time.  BioCondition scores indicate the 

condition of an assessment area when benchmarked against (i.e. relative to) a reference 

/ analogue community for the vegetation unit being assessed. 

▪ In 2018, the average BioCondition score for the area rehabilitated as Domain 1 (three 

years old) was 0.11 (ranging from 0.07 to 0.14) out of a maximum score of 1.0.  The 

average BioCondition score for the area rehabilitated at Domain 2 in 2015 (three years 

old) was 0.24 (0.13 and 0.35) when benchmarked against DPaW C3 and 0.18 when 

benchmarked against DPaW C4.  The average BioCondition score for the area 

rehabilitated at Domain 2 in 2013 (five years old) was 0.27 (0.30 and 0.24) when 

benchmarked against DPaW C3 and 0.17 (0.24 and 0.11) when benchmarked against 

DPaW C4.  The average BioCondition score for the area rehabilitated as Domain 3 in 2013 

(five years old) was 0.20 (0.17 and 0.24) when benchmarked against ATA C15.  The 

BioCondition score for the area rehabilitated at Domain 4 in 2015 (five years old) was 

0.46, which is the highest BioCondition score for a site to date.  The average BioCondition 

score for the five year old sites (0.24 / 0.19; C3 / C4 benchmarks) is a little higher than 

the average score for the three year old sites (0.19 / 0.18; C3 / C4 benchmark 

comparisons).  While BioCondition scores do not increase each year at each site, they 

have all increased since baseline. 

▪ The sites with the highest BioCondition scores in 2018 were KD4R1 (0.46) and KD2R4 

when benchmarked against DPaW C3 (0.35); these sites were both established in 2015. 

▪ The site with the lowest 2018 BioCondition score was KD1R1 (0.07), which was 

established in 2015. 
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▪ The BioCondition method includes attribute scores for the number of trees greater than 

2 m in height, recruitment of canopy species and tree canopy cover.  These are longer-

term attributes and no score will be achieved for these in the early years post seeding.  

Tree species were located in the rehabilitation monitoring sites in 2018; however, they 

were seedlings / saplings and the scores for these attributes were still zero, as in 2015.  

Over the coming years these seedlings should become established and grow, contribute 

to the scores relating to trees and resulting in higher BioCondition scores.  Note that 

while tree species seedlings have been located at the monitoring sites, Eucalyptus 

species seedlings / saplings have only been recorded at the Domain 4 monitoring site. 

▪ The attribute scores for native species richness should gradually increase each year to 

approach those for the analogue sites.  However, there will be year to year variation in 

these scores in the early years due to rainfall, timing of rainfall and the temperature over 

autumn and winter and also summer rainfall and temperatures.  Forbs (herbaceous 

plants) and grass species especially will be influenced by autumn and winter rainfall but 

small seedlings of perennial trees and shrubs can be killed by dry conditions.  In the early 

years post rehabilitation, results will also vary because the plants observed and collected 

are seedlings and the identification of plants from seedlings can be difficult.  Mature 

plants and flower or fruit structures are needed to confirm a plant’s identity to species 

level.  Therefore as the vegetation matures the identification of some plant species could 

change. 

▪ In the early years coarse woody debris (CWD) scores reflect the vegetation debris and 

logs scattered as part of the rehabilitation process.  In later years CWD measurements 

will reflect natural leaf and branch shedding from the more mature vegetation.  The 

CWD results for most sites show that the amount of vegetation debris and logs scattered 

over the different domains during rehabilitation was not adequate as CWD is not similar 

to that at analogue sites in three of the four domains.  At Domain 4 CWD is higher than 

its DPaW C3 benchmark  These CWD scores should not change much until the vegetation 

matures and starts shedding - unless additional CWD is added to the rehabilitation areas. 

▪ The attribute score for organic litter cover will also vary in the early years post 

rehabilitation because relatively bare areas with low vegetation will be affected by wind, 

and the amount of organic litter cover could vary even from day to day.  As the 

vegetation structure develops, the plants grow taller and their density increases this 

attribute should become less variable. 

▪ As in previous years erosion gullies, many rills and some areas where water tends to 

pond were observed and photographed at Domain 2 in 2018.  The erosion was inspected 

in 2017 and will be in future years.  Plant basal surface cover was higher in 2018 than in 

2013 at all sites (ranging between 1.7% and 10.6% in 2018 and 0.3% and 1.5% in 2013); 

although, it decreased between 2017 and 2018 at the lower transect at both sites.  As 

plant basal surface cover increases with time soil surface stability should improve.  The 

cover of rocks with a diameter > 10 cm was low, less than 1% along all transects 

therefore rocks are not armouring and stabilising the soil surface. 

o Shrub species richness, cover and plant number 

▪ Shrub species richness and cover data collected along transects assessed in areas 

rehabilitated in 2010, 2012, 2013 and 2015 were compared.  Shrub species richness was 

higher at the two older Domain 2 areas seeded in 2010 and 2012 (9 and 14 respectively) 

and at the Domain 4 area seeded in 2015 (11 species) than at the other areas 

rehabilitated in 2013 and 2015. 
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▪ Shrub species cover was higher at the older areas rehabilitated in 2010 and 2012 (55.8% 

and 91.6% respectively) and at KD2R4 (46.9%) than at the other areas rehabilitated in 

2013 and 2015. 

▪ Of the areas rehabilitated and sown in 2013, shrub cover was highest along the Domain 2 

transects (average of 27.9%) and lowest along the Domain 3 transects (average of 5.4%).  

Shrub species richness was also highest at Domain 2 transects – an average richness of 

5.5 at Domain 2 sites and 3.5 at Domain 3 sites. 

▪ Of the areas rehabilitated and sown in 2015, shrub cover was highest at the Domain 2 

sites (24.1% average) and lowest at the Domain 1 sites (16.9% average).  An average of 

3.3 species was located along the Domain 1 transects and 2.5 at Domain 2. 

▪ In 2018 species richness was lowest at the Domain 2 sites seeded in 2015, mostly 

because only one species was recorded at KD2R3.  Shrub cover was lowest at the five 

year old Domain 3 sites - even lower than at the three year old sites. 

▪ The number of seedlings and juveniles of shrub species located within the 100 m by 50 m 

plot at the rehabilitation sites established in 2013 had increased a little since 2017.  The 

average increase at Domain 3 sites was higher than that at Domain 2 sites – 378 

compared with 4 plants.  Shrub seedling numbers at the six Domain 1 and Domain 2 sites 

established in areas rehabilitated in 2015 have also increased since 2017 – Domain 1 

sites have increased on average by 256 and Domain 2 sites by 123.  Between 2017 and 

2018 plant numbers had decreased at four of the 10 sites on Domain 1, 2 and 3.  Plant 

numbers at Domain 4 are higher than at any other site (when calculated for 0.5 ha). 

o Species lists 

▪ The species list compiled for each domain from the rehabilitation sites assessed in 2018 

was compared with the list of species sown over each domain / area. 

▪ Approximately 27% of the species sown over section 2a of Domain 2 in 2013 was 

recorded in 2018, 50% of the species sown over section 2b and 65% of those sown over 

Domain 3. 

▪ Approximately 26% of the species sown in 2015 over Domain 1 were recorded and 20% 

of the species sown over Domain 2b in 2015. 

▪ Approximately 56% of the species sown over Domain 4 in 2015 were recorded in 2018. 

▪ Using the total number of species recorded at each rehabilitation site the percentage of 

additional (not sown) taxa recorded was calculated for each area. 

▪ Approximately 70% of the species recorded in 2018 at the Domain 2a site seeded in 2013 

must have come from the topsoil or via animals, wind or water bringing the seed to site.  

Similarly, approximately 59% of the species recorded at the Domain 2b site seeded in 

2013 and 65% of those at the Domain 3 sites must have come from the topsoil or via 

other vectors. 

▪ Approximately 50% of the species recorded in 2018 at the Domain 2b sites seeded in 

2015 must have come from the topsoil or via animals, wind or water bringing the seed to 

site.  Similarly, 62% of the species recorded at the Domain 1 sites seeded in 2015 and 

48% of the species recorded at Domain 4 must have come from the topsoil or via other 

vectors as they were not in the list of sown species. 

▪ Apart from at Domain 4 (48%) and Domain 2b 2015 (50%), a higher percentage of the 

species recorded at each site have germinated from the topsoil (from 62% to 72%) rather 

than from the species sown over the domain. 
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▪ Note that these percentages could be a little different because some plants collected 

from the rehabilitation areas could not be identified to species level and some of the 

seed sown over these areas was not identified to species level e.g. Grevillea sp. ?. 

▪ These percentages should increase with time because the seed of some species may take 

longer to germinate or require different conditions for germination than others and they 

will be affected by rainfall and temperatures over the preceding year. 

• Does the rehabilitation meet completion criteria? 

o The rehabilitation at the different aged sites does not currently meet the completion criterion 

relating to species diversity as species diversity is less than 70% of the original known species for 

each of the rehabilitation domains. 

• Is it likely that the rehabilitation area will develop adequately if allowed to continue, or is intervention 

required? 

o Based on the change in BioCondition scores and other parameters discussed in this report over 

the past five / three years it is likely that similar positive changes will occur over the coming 

years.  More detailed analysis of the species diversity desired, the species originally sown and 

those recorded on the rehabilitated areas will probably indicate whether reseeding or tubestock 

planting of some species will be required to achieve current species diversity completion criteria 

and to ensure that a proportion of the very common, common and uncommon species are 

present in the rehabilitated areas.  Based on the past and 2018 results it is still unlikely that 

KD1R1 and KD2R3 will develop adequately without some intervention. 

• Does the data collected at analogue sites indicate some revision of closure targets is required? 

o Data collected at the analogue sites for each community (1 ha assessed per community) 

produced a species list of 52 for DPaW C3, 48 for DPaW C4, 40 for DPaW C5 and 29 for ATA C15 

(excluding weed species).  The species lists generated by BGPA for DPaW C3 comprised 104 

species, DPaW C4, 44 species and DPaW C5, 45 species.  However, these species lists were 

collated from different sized areas (e.g. the DPaW C5 species list included species located in a 

10 ha area).  Diversity at the two analogue plots assessed in DPaW C4 and C5 is similar to that on 

BGPA’s species lists for those communities, while BGPA’s species list for C3 was much higher than 

that from the analogue plots assessed in that community.  A revision of the species diversity 

closure target for DPaW C3 might be warranted given the non-standard areas from which the 

closure targets were derived. 

o Weed cover at the analogue plots was 5% at one plot and less than 1% at the remainder.  A target 

of 1% is very low for weed cover and it would be reasonable for the target to be increased to 5%. 
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APPENDIX 1: BIOCONDITION SCORING TABLES 

Table A1.1: Attribute scoring system against benchmark (adapted from Eyre et. al., 2011) 

Attribute # Description Score 

1 

100 m x 50 m Plot - Large Trees 

No large trees present 0 

0 to 50% of benchmark number of large trees 5 

>=50% to 100% of benchmark number of large trees 10 

>=benchmark number of large trees 15 

2 

100 m x 50 m Plot - Tree Canopy Height 

<25% of benchmark height 0 

>=25% to 70% of benchmark height 3 

>=70% of benchmark height 5 

3 

100 m x 50 m Plot - Recruitment 

<20% of dominant canopy species present as regeneration 0 

>=20 – 75% of dominant canopy species present as regeneration 3 

>=75% of dominant canopy species present as regeneration 5 

4 

50 m Transect - Tree Canopy Cover 

<10% of benchmark 0 

>=10% and <50% 2 

>=50% or <=200% 5 

>200% 3 

5 

50 m Transect - Shrub Cover 

<10% of benchmark shrub cover 0 

>/= 10 to <50% or >200% of benchmark shrub cover 3 

>=50% or <=200% of benchmark shrub cover 5 

6 

50 m x 20 m Plot - Coarse Woody Debris (CWD) 

<10% of benchmark number or total length of CWD 0 

>/= 10 to <50% or >200% of benchmark number or total length of CWD 2 

>=50% or <=200% of benchmark number or total length of CWD 5 

7* 

20 m x 20 m Plot - Native Plant Species Richness 

<25% of benchmark number of species 0 

>=25% to 90% of benchmark number of species 10 

>=90% of benchmark number of species 20 

8** 

20 m x 20 m Plot - Non-native Plant Cover 

> 75% of benchmark non-native plants cover 0 

> 50 – 75% of benchmark non-native plants cover 3 

>=25 – 50% of benchmark non-native plants cover 5 

< 25% of benchmark non-native plants cover 10 
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Attribute # Description Score 

9 

1 m x 1 m Quadrats - Native Perennial Grass Cover 

<10% of benchmark native perennial (or preferred and intermediate) grass cover 0 

>=10 to 50% of benchmark native perennial (or preferred and intermediate) grass cover 1 

>=50 – 90% of benchmark native perennial (or preferred and intermediate) grass cover 3 

>=90% of benchmark native perennial (or preferred and intermediate) grass cover 5 

10 

1 m x 1 m Quadrats - Organic Litter 

<10% of benchmark organic litter 0 

>/= 10 to <50% or >200% of benchmark organic litter 3 

>=50% or <=200% of benchmark organic litter 5 

Note: *Each life form is given a maximum score of 5 and there are four life forms.  This benchmark attribute has been 

scored differently from the BioCondition benchmark score system.  The attribute score is calculated using a) the number 

of each lifeform species that are the same as those lifeform species in the reference community and b) the total number 

of species recorded in the two analogue sites, rather than using a) the number of species in each lifeform (similar or 

not) and b) the average number of species recorded in the analogue sites.  **This benchmark attribute has been scored 

differently from the BioCondition benchmark score system.  The score is calculated based on the cover of only the weed 

species located in the analogue (benchmark) 20 m x 20 m plots rather than on the proportion of total vegetation cover 

comprised by weed species in the analogue 20 m x 20 m plots.  These changes have been made to allow for: a) the fact 

that newly rehabilitated areas are being monitored and not existing remnants of vegetation; b) because not all of the 

species recommended for use on the domains have been sown – and those that have been sown may not be those on 

the lists for (former) DPaW Communities and analogue communities; and, c) weeds occur in the analogue plots as a 

result of previous disturbance from mining and grazing by feral animals and stock and scores have been calculated 

based on these background levels. 

 

Table A1.2: Attribute weightings (Eyre et. al., 2011) 

Attribute # Site-based Condition Attributes Weighting 

1 Large trees 15 

2 Tree canopy height 5 

3 Recruitment of canopy species 5 

4 Tree canopy cover (%) 5 

5 Shrub layer cover (%) 5 

6 Coarse woody debris 5 

7 Native plant species richness 20 

8 Non-native plant cover 10 

9 Native perennial grass cover (%) 5 

10 Litter cover (%) 5 

Maximum possible score 80 

Note: the individual attribute weighting is the highest score achievable in Table A1.1. 
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APPENDIX 2: BIOCONDITION SITE AND EROSION TRANSECT LOCATIONS 

Table A2.1: Site locations (GDA94, MGA50) 

Analogue / Assessment sites Assessment sites 

ID Easting (m E) Northing (m N) ID Easting (m E) Northing (m N) 

Analogue sites KD1R2 422025 6771022 

KA15R1 421468 6771348 KD1R2 422040 6771021 

KA15R1 421469 6771329 KD1R2 422059 6771019 

KA15R1 421449 6771329 KD1R2 422075 6771020 

KA15R1 421448 6771349 KD1R2 422039 6771010 

KA15R2 421487 6771157 KD1R2 422058 6771009 

KA15R2 421483 6771178 KD1R2 422040 6771031 

KA15R2 421504 6771180 KD1R2 422059 6771030 

KA15R2 421506 6771157 KD1R3 422144 6770547 

KA3R1 423232 6771029 KD1R3 422159 6770546 

KA3R1 423215 6771029 KD1R3 422179 6770547 

KA3R1 423236 6771009 KD1R3 422195 6770546 

KA3R1 423219 6771008 KD1R3 422158 6770536 

KA3R2 424079 6769805 KD1R3 422180 6770535 

KA3R2 424062 6769794 KD1R3 422158 6770558 

KA3R2 424090 6769788 KD1R3 422179 6770557 

KA3R2 424070 6769776 KD1R4 422452 6770656 

KA4R1 423021 6770684 KD1R4 422469 6770659 

KA4R1 423012 6770673 KD1R4 422489 6770661 

KA4R1 423039 6770676 KD1R4 422503 6770664 

KA4R1 423029 6770661 KD1R4 422470 6770646 

KA4R2 423092 6770628 KD1R4 422490 6770651 

KA4R2 423079 6770615 KD1R4 422466 6770669 

KA4R2 423107 6770615 KD1R4 422487 6770672 

KA4R2 423092 6770601 KD2R1 421676 6771575 

KA5R1 422998 6770289 KD2R1 421662 6771579 

KA5R1 422978 6770285 KD2R1 421660 6771570 

KA5R1 423002 6770270 KD2R1 421665 6771589 

KA5R1 422982 6770263 KD2R1 421630 6771584 

KA5R2 422945 6770389 KD2R1 421643 6771574 

KA5R2 422928 6770380 KD2R1 421646 6771594 

KA5R2 422956 6770372 KD2R2 422670 6770880 

KA5R2 422939 6770362 KD2R2 422666 6770889 

Assessment Sites KD2R2 422682 6770898 

KD1R1 421619 6770551 KD2R2 422688 6770889 

KD1R1 421628 6770563 KD2R2 422701 6770895 

KD1R1 421641 6770577 KD2R2 422692 6770881 

KD1R1 421649 6770588 KD2R2 422674 6770872 

KD1R1 421635 6770556 KD2R3 421974 6771858 

KD1R1 421621 6770569 KD2R3 422012 6771857 

KD1R1 422010 6771867 KD2R3 422010 6771867 

KD1R1 422007 6771876 KD2R3 422024 6771870 

 



Sinosteel Midwest Corporation Limited: Koolanooka Rehabilitation and Erosion Monitoring Program, Spring 2018 Assessment 

maia Page 86 

Table A2.1 continued 

Assessment sites Erosion monitoring transects 

ID Easting (m E) Northing (m N) ID Easting (m E) Northing (m N) 

KD2R3 421992 6771853 KD4R1 422492 6771850 

KD2R3 422012 6771857 KD4R1 422481 6771833 

KD2R3 421988 6771872 KD4R1 4224527 6771877 

KD2R3 422007 6771876 KD4R1 422440 6771859 

KD2R4 421872 6771212 KD4R1 422446 6771869 

KD2R4 421889 6771212 KD4R1 422486 6771842 

KD2R4 421907 6771212 KD4R1 422479 6771859 

KD2R4 421922 6771212 KD4R1 422469 6771842 

KD2R4 421888 6771201 Erosion Sites 

KD2R4 421908 6771201 KD2E1-1 421750 6771629 

KD2R4 421888 6771220 KD2E1-1 421726 6771638 

KD2R4 421907 6771223 KD2E1-1 421702 6771636 

KD3R1 421716 6771737 KD2E1-2 421712 6771663 

KD3R1 421713 6771752 KD2E1-2 421723 6771662 

KD3R1 421701 6771752 KD2E1-2 421754 6771650 

KD3R1 421703 6771772 KD2E1-3 421716 6771683 

KD3R1 421712 6771771 KD2E1-3 421737 6771675 

KD3R1 421712 6771788 KD2E1-3 421764 6771664 

KD3R1 421721 6771771 KD2E2-1 422636 6770861 

KD3R1 421723 6771753 KD2E2-1 422656 6770849 

KD3R2 421776 6771763 KD2E2-1 422673 6770832 

KD3R2 421776 6771778 KD2E2-2 422622 6770836 

KD3R2 421766 6771778 KD2E2-2 422639 6770815 

KD3R2 421765 6771797 KD2E2-2 422652 6770798 

KD3R2 421775 6771797 KD2E2-3 422615 6770808 

KD3R2 421775 6771813 KD2E2-3 422627 6770787 

KD3R2 421784 6771798 KD2E2-3 422642 6770766 

KD3R2 421784 6771779    

Note: GDA94 = Geocentric Datum of Australia 1994, MGA50 = Map Grid of Australia, zone 50; ID = site identifier, m E = 

meters east, m N = meters north. 
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APPENDIX 3: BIOCONDITION ANALYSES 

Table A3.1: BioCondition analyses 2018 

  DPaW Community 3 DPaW Community 4 DPaW Community 5 ATA Community 15 

Attribute 
# 

Attribute Description 
KD2R1 
(b)* 

KD2R2 
(a)* 

KD2R3 
(b)* 

KD2R4 
(b)* 

DPaW C3 
Bench. 

KD2R1 
(b)* 

KD2R2 
(a)* 

KD2R3 
(b)* 

KD2R4 
(b)* 

DPaW C4 
Bench. 

KD1R1 KD1R2 KD1R3 KD1R4 DPaW C5 
Bench. 

KD3R1 KD3R2 ATA 
C15 
Bench. 

1 

Large Tree per hectare threshold based DBH - 
Eucalypt 

0 0 0 0   0 0 0 0   0 0 0 0   0 0   

Large Tree per hectare threshold based DBH - 
Non-eucalypt 

0 0 0 0   0 0 0 0   0 0 0 0   0 0   

Large Tree per hectare threshold based DBH - 
Total 

0 0 0 0   0 0 0 0   0 0 0 0   0 0   

Percentage of Community Benchmark 0 0 0 0   0 0 0 0   0 0 0 0   0 0   

SCORE 0 0 0 0   0 0 0 0   0 0 0 0   0 0   

Community Benchmark - No. Large Trees per 
Hectare 

        41         95         35     79 

2 

Median Canopy Height - Emergent (m) 0 0 0 0   0 0 0 0   0 0 0 0   0 0   

Median Canopy Height - EDL (m) 0 0 0 0   0 0 0 0   0 0 0 0   0 0   

Median Canopy Height - Sub-canopy (m) 0 0 0 0   0 0 0 0   0 0 0 0   0 0   

Percentage of Community Benchmark - 
Emergent 

0 0 0 0   0 0 0 0   0 0 0 0   0 0   

Percentage of Community Benchmark - EDL 0 0 0 0   0 0 0 0   0 0 0 0   0 0   

Percentage of Community Benchmark - Sub-
canopy 

0 0 0 0   0 0 0 0   0 0 0 0   0 0   

Emergent SCORE 0 0 0 0   0 0 0 0   0 0 0 0   0 0   

EDL SCORE 0 0 0 0   0 0 0 0   0 0 0 0   0 0   

Sub-canopy SCORE 0 0 0 0   0 0 0 0   0 0 0 0   0 0   

Average Score 0 0 0 0   0 0 0 0   0 0 0 0   0 0   

Community Benchmark - Emergent Height (m)         7         0         7     0 

Community Benchmark - EDL Height (m)         4         3         4     4 

Community Benchmark - Sub-canopy Height (m)         3         0         0     0 

3 

Number of Dominant Species 0 0 0 0   0 0 0 0   0 0 0 0   0 0   

Number of Dominant Species regenerating 0 0 0 0   0 0 0 0   0 0 0 0   0 0   

Dominant Species regenerating (%) 0 0 0 0   0 0 0 0   0 0 0 0   0 0   

Percentage of Community Benchmark 0 0 0 0   0 0 0 0   0 0 0 0   0 0   

SCORE 0 0 0 0   0 0 0 0   0 0 0 0   0 0   

Community Benchmark - Dominant Species 
Regenerating (%) 

        67         10         18     35 

4 

Tree canopy cover (Total cm) 0 0 0 0   0 0 0 0   0 0 0 0   0 0   

Tree canopy cover (% of 50 m tape) 0 0 0 0   0 0 0 0   0 0 0 0   0 0   

Percentage of Community Benchmark 0 0 0 0   0 0 0 0   0 0 0 0   0 0   

SCORE 0 0 0 0   0 0 0 0   0 0 0 0   0 0   

Community Benchmark - Tree Canopy Cover (%)         1         11         26     41 

5 

Shrub layer cover (Total cm) 1203 1486 31 1838   1203 1486 31 1838   99 341 753 380   60 361   

Shrub layer cover (% of 50 m tape) 24.06 29.72 0.62 36.76   24.06 29.72 0.62 36.76   1.98 6.82 15.06 7.6   1.2 7.22   

Percentage of Community Benchmark 23.13 28.58 0.60 35.35   17.56 21.69 0.45 26.83   2.75 9.47 20.92 10.56   4.00 24.07   

SCORE 3 3 0 3   3 3 0 3   0 0 3 3   0 3   

Community Benchmark - Shrub Cover (%)         104         137         72     30 
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  DPaW Community 3 DPaW Community 4 DPaW Community 5 ATA Community 15 

Attribute 
# 

Attribute Description 
KD2R1 

(b)* 
KD2R2 

(a)* 
KD2R3 

(b)* 
KD2R4 

(b)* 
DPaW C3 

Bench. 
KD2R1 

(b)* 
KD2R2 

(a)* 
KD2R3 

(b)* 
KD2R4 

(b)* 
DPaW C4 

Bench. 
KD1R1 KD1R2 KD1R3 KD1R4 

DPaW C5 
Bench. 

KD3R1 KD3R2 
ATA 
C15 

Bench. 

6 

Total CWD (metres) 0 0 0 0.59   0 0 0 0.59   0 0 1.85 0   0 0   

Total CWD per hectare 0 0 0 5.90   0 0 0 5.90   0 0 18.5 0   0 0   

Percentage of Community Benchmark 0 0 0 17.88   0 0 0 295   0 0 11.21 0   0 0   

SCORE 0 0 0 2   0 0 0 2   0 0 2 0   0 0   

Community Benchmark - CWD (m²) per Hectare         33         2         165     7 

7 

Forbs (number shared) 2 1 0 1   1 0 0 0   0 0 1 0   2 0   

Grasses (number shared) 0 1 0 0   0 1 0 0   0 1 0 0   1 1   

Shrubs (number shared) 4 2 0 1   1 2 0 0   1 1 1 1   3 4   

Trees (number shared) 4 3 0 2   2 2 0 1   2 1 2 2   1 2   

Percentage of Community Benchmark-Forbs 8.70 4.35 0 4.35   4.17 0 0 0   0 0 7.14 0   15.38 0   

Percentage of Community Benchmark-Grasses 0 33.33 0 0   0 33.33 0 0   0 50.00 0 0   50.00 50.00   

Percentage of Community Benchmark-Shrubs 25.00 12.50 0 6.25   7.69 15.38 0 0   6.25 6.25 6.25 6.25   33.33 44.44   

Percentage of Community Benchmark-Trees 40.00 30.00 0 20.00   28.57 28.57 0 14.29   25.00 12.50 25.00 25.00   20.00 40.00   

SCORE-Forbs 0 0 0 0   0 0 0 0   0 0 0 0   0 0   

SCORE-Grasses 0 2.5 0 0   0 2.5 0 0   0 2.5 0 0   2.5 2.5   

SCORE-Shrubs 2.5 0 0 0   0 0 0 0   0 0 0 0   2.5 2.5   

SCORE-Trees 2.5 2.5 0 0   2.5 2.5 0 0   3 0 3 3   0 2.5   

TOTAL SCORE for SPP RICHNESS 5 5 0 0   2.5 5 0 0   2.5 2.5 2.5 2.5   5 7.5   

Community Benchmark - Number of Forb Taxa         23         24         14     13 

Community Benchmark - Number of Grass Taxa         3         3         2     2 

Community Benchmark - Number of Shrub Taxa         16         13         16     9 

Community Benchmark - Number of Tree Taxa         10         7         8     5 

8 

Non-native plant cover (% of a 20m x 20m) 0.53 0.08 0 0   0.53 0.08 0 0   0.06 0 0 0.00   0.00 0.00   

Percentage of Community Benchmark 17.76 2.69 0 0   53.27 8.08 0 0   106.00 0 0 100.45   0.09 0.13   

SCORE 10 10 10 10   3 10 10 10   0 10 10 0   10 10   

Community Benchmark - Non-native plant cover 
(%) 

        3         1         1     1 

9 

Plot 1 (%) 1 0 0 0   1 0 0 0   0 0 0 0   1 1   

Plot 2 (%) 0 1 0 0   0 1 0 0   0 0 0 0   10 1   

Plot 3 (%) 0 1 0 0   0 1 0 0   0 0 0 0   2 8   

Plot 4 (%) 1 0 0 0   1 0 0 0   0 0 0 0   3 8   

Plot 5 (%) 1 1 0 0   1 1 0 0   0 0 0 0   0 3   

Average Native Perennial Grass Cover (%) 0.60 0.60 0 0   0.60 0.60 0 0   0 0 0 0   3.20 4.20   

Percentage of Community Benchmark 60.00 60.00 0 0   60.00 60.00 0 0   0 0 0 0   20.00 26.25   

SCORE 3 3 0 0   3 3 0 0   0 0 0 0   1 1   

Community Benchmark - Native Perennial Grass 
Cover (%) 

        1         1         1     16 

10 

Plot 1 (%) 6 12 1 1   6 12 1 1   0 2 1 2   5 8   

Plot 2 (%) 2 6 2 1   2 6 2 1   1 2 1 8   5 15   

Plot 3 (%) 4 10 1 2   4 10 1 2   1 2 1 1   10 10   

Plot 4 (%) 5 3 1 2   5 3 1 2   1 4 1 2   10 11   

Plot 5 (%) 5 10 1 1   5 10 1 1   1 1 1 4   3 25   

Average Organic Litter Cover (%) 4.40 8.20 1.20 1.40   4.40 8.20 1.20 1.40   0.80 2.20 1.00 3.40   6.60 13.80   

Percentage of Community Benchmark 23.16 43.16 6.32 7.37   8.30 15.47 2.26 2.64   2.67 7.33 3.33 11.33   20.63 43.13   

SCORE 3 3 0 0   0 3 0 0   0 0 0 3   3 3   

Community Benchmark - Organic Litter Cover 
(%) 

        19         53         30     32 

Total Score 24.00 24.00 10.00 15.00   11.50 24.00 10.00 15.00   2.50 12.50 17.50 8.50   19.00 24.50   

Note: * a and b indicate sites in the 2a and 2b sections of Domain 2, Bench. = benchmark, # = number, EDL = ecologically dominant layer, CWD = course woody debris. 
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APPENDIX 4: PHOTOGRAPHS – 2013, 2014, 2015, 2017 AND 2018 

Table A4.1: Photographs of rehabilitation and erosion monitoring sites – 2013, 2014, 2015, 2017 and 2018 

2013 2014 2015 2017 
2018 

REHABILITATION MONITORING SITES 

KD1R1 – looking south 

No rehabilitation in 2013 No rehabilitation in 2014 

   

KD1R2 – looking north-east 

No rehabilitation in 2013 No rehabilitation in 2014 

   

KD1R3 – looking north-east 

No rehabilitation in 2013 No rehabilitation in 2014 
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2013 2014 2015 2017 
2018 

KD1R4 – looking north-east 

No rehabilitation in 2013 No rehabilitation in 2014 

   

KD2R1 – looking north-east 

     

KD2R2 – looking east 
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2013 2014 2015 2017 2018 

KD2R3 – looking north-east 

No rehabilitation in 2013 No rehabilitation in 2014 

   

KD2R4 – looking east 

No rehabilitation in 2013 No rehabilitation in 2014 

   

KD3R1 – looking north-west 
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2013 2014 2015 2017 2018 

KD3R2 – looking south-west 

     

2018 

KD4R1 – looking south-west KD4R1 – looking north-west KD4R1 – looking south-east KD4R1 – looking north-east 

    

EROSION MONITORING TRANSECTS 

KD2E1 – 1 (upperslope) 
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2013 2014 2015 2017 2018 

KD2E1 – 2 (midslope) 

     

KD2E1 – 3 (footslope) 

 

Not available 

   

  



Sinosteel Midwest Corporation Limited: Koolanooka Rehabilitation and Erosion Monitoring Program, Spring 2018 Assessment 

maia Page 94 

Table A4.1: Continued 

2013 2014 2015 2017 2018 

KD2E2 – 1 (upperslope) 

     

KD2E2 – 2 (midslope) 

     

KD2E2 – 3 (footslope) 

 

Not available 
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Table A4.2: Erosion on Domain 2b in 2017 and 2018 

Erosion gullies and rills on Domain 2b hillslope in 2017 – photographs taken from Domain 3 (using the Solocator app (2018)) 

    

Erosion gullies and rills on Domain 2b hillslope in 2018 – photographs taken from Domain 3 
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Table A4.3: Erosion on Domain 2a in 2017 and 2018 

Erosion gullies and rills on Domain 2a hillslope in 2017 – photographs taken from Domain 1 (using the Solocator app (2017)) 

    

Erosion gullies and rills on Domain 2a hillslope in 2018 – photographs taken from Domain 1 
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Table A4.4: Water ponding areas at Domain 3 and Domain 1 2017 and 2018 

Water ponding areas on Domain 3 at the base of an erosion gully on Domain 2b 

2014 2015 2017 2018 

    

Water ponding and runoff areas on relatively flat ground 

KD2R4 (previous pooling in foreground (2017)) KD2R4 (previous pooling in foreground (2018)) KD1R3 (runoff to the left and right side of photograph 

(2017)) 

KD1R3 (runoff to the left and right side of photograph 

(2018)) 
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S i n o s t e e l  M i d w e s t  C o r p o r a t i o n  L i m i t e d :  K o o l a n o o k a  R e h a b i l i t a t i o n  a n d  E r o s i o n  M o n i t o r i n g  P r o g r a m ,  S p r i n g  2 0 1 8  A s s e s s m e n t  

m a i a  P a g e  9 9  

A P P E N D I X  5 :  N A T I V E  S P E C I E S  S O W N  A N D  P R E S E N T  I N  2 0 1 8  

T a b l e  A 5 . 1 :  N a t i v e  s p e c i e s  o r i g i n a l l y  s o w n  ( S )  o r  p l a n t e d  a s  t u b e s t o c k  ( T )  a n d  p r e s e n t  ( P )  a t  t h e  d i f f e r e n t  r e h a b i l i t a t i o n  a r e a s  i n  2 0 1 8  

S p e c i e s  

D o m a i n  1  

( 2 0 1 5 )  

D o m a i n  2 a  

( 2 0 1 3 )  

D o m a i n  

2 b  ( 2 0 1 3 )  

D o m a i n  

2 b  ( 2 0 1 5 )  

D o m a i n  3  

( 2 0 1 3 )  

D o m a i n  2 b  

( 2 0 1 2 )  

D o m a i n  

2 a  ( 2 0 1 0 )  

D o m a i n  4  

( 2 0 1 5 )  

S  P  S  P  S  P  S  P  S  P  S  P  P  S  P  

Acacia acuminata    P  S  P  S  P    P  S  P    P    S  P  

Acacia acuminata s u b s p .  acuminata                     S          

Acacia acuminata s u b s p .  burkittii                     S          

Acacia andrewsii                       P        

Acacia aneura S    S    S    S    S              

Acacia anthochaera S            S        S          

Acacia assimilis S  P 1  S  P 1  S  P 1  S  P 1  S  P 1  S  P 1        

Acacia assimilis s u b s p .  assimilis                           S  P  

Acacia burkittii S  P          S  P          P      

Acacia colletioides S            S        S      S    

Acacia coolgardiensis S    S        S        S  P    S    

Acacia craspedocarpa S            S                  

Acacia erinacea S            S        S          

Acacia exocarpoides S    S    S  P  S    S  P  S        P  

Acacia jibberdingensis                     S          

Acacia linophylla v a r .  ramulosa                     S          

Acacia longiphyllodinea S            S        S          

Acacia microbotrya S            S        S  P        

Acacia murrayana S            S        S    P      

Acacia neurophylla                     S          

Acacia nigripilosa s u b s p .  nigripilosa                             P  

Acacia ramulosa S  P 1  S    S    S    S  P / P 2        S  P 2  

Acacia ramulosa v a r . ramulosa                     S          

Acacia resinomarginea                     S          
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m a i a  P a g e  1 0 0  

S p e c i e s  

D o m a i n  1  

( 2 0 1 5 )  

D o m a i n  2 a  

( 2 0 1 3 )  

D o m a i n  

2 b  ( 2 0 1 3 )  

D o m a i n  

2 b  ( 2 0 1 5 )  

D o m a i n  3  

( 2 0 1 3 )  

D o m a i n  2 b  

( 2 0 1 2 )  

D o m a i n  

2 a  ( 2 0 1 0 )  

D o m a i n  4  

( 2 0 1 5 )  

S  P  S  P  S  P  S  P  S  P  S  P  P  S  P  

Acacia sclerosperma S  P 1          S        S          

Acacia sclerosperma s u b s p .  ?                      S          

Acacia  s p .  ( A )  ?                      S          

Acacia  s p .  1 4                    P            

Acacia stereophylla     S                      S    

Acacia tetragonophylla S  P  S  P  S  P  S  P  S    S      S  P  

Acacia effusifolia S            S        S          

Acacia ?aptaneura                   P            

Acacia ?fuscaneura           P                    

Allocasuarina acutivalvis S      P  S  P  S              S  P  

Allocasuarina acutivalvis s u b s p . prinsepiana                     S          

Allocasuarina campestris S    S        S        S      S    

Allocasuarina dielsiana                           S    

Alyogyne pinoniana                   P            

Amphipogon caricinus                           S    

Androcalva luteiflora                           T  P  

Anthotroche pannosa   P                    P  P      

Aristida contorta                   P          P  

Atriplex bunburyana       P                        

Atriplex codonocarpa S  P        P  S  P      S  P      P  

Atriplex isatidea                     S          

Atriplex semilunaris S  P    P      S  P        P    S  P  

Austrostipa elegantissima                           S    

Austrostipa nitida       P    P                    

Austrostipa scabra S            S                  

Austrostipa trichophylla     S              P          P  

Brachychiton gregori S            S                  

Brunonia australis     S                S          



S i n o s t e e l  M i d w e s t  C o r p o r a t i o n  L i m i t e d :  K o o l a n o o k a  R e h a b i l i t a t i o n  a n d  E r o s i o n  M o n i t o r i n g  P r o g r a m ,  S p r i n g  2 0 1 8  A s s e s s m e n t  

m a i a  P a g e  1 0 1  

S p e c i e s  

D o m a i n  1  

( 2 0 1 5 )  

D o m a i n  2 a  

( 2 0 1 3 )  

D o m a i n  

2 b  ( 2 0 1 3 )  

D o m a i n  

2 b  ( 2 0 1 5 )  

D o m a i n  3  

( 2 0 1 3 )  

D o m a i n  2 b  

( 2 0 1 2 )  

D o m a i n  

2 a  ( 2 0 1 0 )  

D o m a i n  4  

( 2 0 1 5 )  

S  P  S  P  S  P  S  P  S  P  S  P  P  S  P  

Calandrinia s p .  B u n g a l b i n  ( G . J .  K e i g h e r y  &  N .  

G i b s o n  1 6 5 6 )  
              P                

Calothamnus s p .                      S          

Calothamnus gilesii                           S    

Calycopeplus paucifolius                           T  P  

Cephalipterum drummondii     S  P  S        S  P  S          

Codonocarpus cotinifolius S            S                  

Conospermum s p .  ?                      S          

Cratystylis subspinescens S    S    S    S    S              

Cymbopogon ambiguus S            S                  

Dampiera incana v a r . fuscescens   P                    P      P  

Dampiera lavandulacea               P                

Daviesia hakeoides   P 1      S                  T  P 1  

Dioscorea hastifolia     S                          

Dodonaea inaequifolia     S    S  P      S  P  S      S  P  

Dodonaea lobulata S            S                  

Enchylaena tomentosa S  P 1  S    S    S  P 1  S      P      P 1  

Eremophila clarkei                           T    

Eremophila miniata                     S          

Eremophila scoparia S            S                  

Eremophila serrulata                     S          

Erodium cygnorum   P            P    P            

Eucalyptus ebbanoensis                     S      S    

Eucalyptus ewartiana                           S  P 2  

Eucalyptus kochii                     S          

Eucalyptus leptopoda s u b s p . arctata                             P  

Eucalyptus loxophleba     S    S        S    S          

Eucalyptus loxophleba s u b s p . supralaevis S            S            P      
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m a i a  P a g e  1 0 2  

S p e c i e s  

D o m a i n  1  

( 2 0 1 5 )  

D o m a i n  2 a  

( 2 0 1 3 )  

D o m a i n  

2 b  ( 2 0 1 3 )  

D o m a i n  

2 b  ( 2 0 1 5 )  

D o m a i n  3  

( 2 0 1 3 )  

D o m a i n  2 b  

( 2 0 1 2 )  

D o m a i n  

2 a  ( 2 0 1 0 )  

D o m a i n  4  

( 2 0 1 5 )  

S  P  S  P  S  P  S  P  S  P  S  P  P  S  P  

Eucalyptus s p .  1                              P  

Eucalyptus s p .  2                              P  

Gilburtia tenuifolia                             P  

Gilruthia osbornei       P    P        P            

Grevillea levis                           T  P  

Grevillea obliquistigma   P 1    P 1    P 1    P 1    P 1    P 1  P 1  S  P 1  

Grevillea paradoxa                           T  &  S  P  

Grevillea  s p .  ?                      S          

Hakea recurva     S    S        S    S      S  P 1  

Haloragis gossei   P    P    P                    

Hyalosperma glutinosa                     S          

Maireana brevifolia   P    P    P    P        P  P  S  P  

Maireana carnosa S  P    P    P  S  P    P  S      S  P  

Maireana georgei   P                  S    P      

Maireana planifolia                     S          

Maireana tomentosa S  P 1        P 1  S  P 1      S        P 1  

Melaleuca acuminata S            S                  

Melaleuca cordata S    S        S                P  

Melaleuca hamata                           S    

Melaleuca nematophylla                           S  P  

Melaleuca radula                           S    

Melaleuca s p .                      S          

Mirbelia microphylla                   P            

Mirbelia s p .                            T    

Monachather paradoxus S  P  S    S    S      P    P  P    P  

Myriocephalus guerinae           P        P            

Philotheca brucei                           T    

P O A C E A E  s p .                      S          



S i n o s t e e l  M i d w e s t  C o r p o r a t i o n  L i m i t e d :  K o o l a n o o k a  R e h a b i l i t a t i o n  a n d  E r o s i o n  M o n i t o r i n g  P r o g r a m ,  S p r i n g  2 0 1 8  A s s e s s m e n t  

m a i a  P a g e  1 0 3  

S p e c i e s  

D o m a i n  1  

( 2 0 1 5 )  

D o m a i n  2 a  

( 2 0 1 3 )  

D o m a i n  

2 b  ( 2 0 1 3 )  

D o m a i n  

2 b  ( 2 0 1 5 )  

D o m a i n  3  

( 2 0 1 3 )  

D o m a i n  2 b  

( 2 0 1 2 )  

D o m a i n  

2 a  ( 2 0 1 0 )  

D o m a i n  4  

( 2 0 1 5 )  

S  P  S  P  S  P  S  P  S  P  S  P  P  S  P  

Podolepis aristata s u b s p .  affinis           P                    

Podolepis canescens S        S    S        S      S    

Podotheca gnaphalioides                             P  

Ptilotus divaricatus S            S              S    

Ptilotus gaudichaudii   P    P        P    P            

Ptilotus nobilis S  P        P  S                P  

Ptilotus obovatus S    S  P  S  P  S  P  S  P  S      S  P  

Ptilotus polystachyus S  P    P  S  P  S  P    P    P  P  S  P  

Rhagodia eremaea           P                    

Rhodanthe battii                           S  P  

Ricinocarpos velutinus       P        P          P    P  

Roebuckiella ciliocapa   P                P          P  

Roepera eremaea   P                            

Salsola australis   P        P    P              P  

Santalum acuminatum S            S        S          

Santalum spicatum S            S                  

Scaevola hamiltonii       P                        

Schoenia cassiniana                           S  P  

Sclerolaena densiflora   P    P    P    P    P  S  P        

Sclerolaena diacantha S            S                  

Sclerolaena eriacantha S            S                  

Sclerolaena fusiformis   P    P                P        

Sclerolaena microcarpa S            S        S          

Sclerolaena s p .    P                            

Senna artemisioides subsp. artemisioides  S            S                  

Senna artemisioides s u b s p .  artemisioides s u b s p .  

filifolia ( m i x )  

                    S          

Senna artemisioides s u b s p .  filifolia S            S        S          
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m a i a  P a g e  1 0 4  

S p e c i e s  

D o m a i n  1  

( 2 0 1 5 )  

D o m a i n  2 a  

( 2 0 1 3 )  

D o m a i n  

2 b  ( 2 0 1 3 )  

D o m a i n  

2 b  ( 2 0 1 5 )  

D o m a i n  3  

( 2 0 1 3 )  

D o m a i n  2 b  

( 2 0 1 2 )  

D o m a i n  

2 a  ( 2 0 1 0 )  

D o m a i n  4  

( 2 0 1 5 )  

S  P  S  P  S  P  S  P  S  P  S  P  P  S  P  

Senna artemisioides s u b s p .  helmsii                     S          

Senna artemisioides s u b s p .  sturtii                     S          

Senna glutinosa s u b s p .  chatelainiana                     S          

Seringia hermanniifolia       P    P        P            

Seringia velutina   P                          P  

Seringia integrifolia                         P      

Sida calyxhymenia S            S        S          

Sida fibulifera                     S          

Sida s p .  d a r k  g r e e n  f r u i t s  ( S .  v a n  L e e u w e n  2 2 6 0 )                    P            

Sida s p .  P i n d a r  ( A .  M i t c h e l l  3 5 8 5 )                    P    P        

Solanum cleistogamum S    S  P  S    S    S  P          P  

Solanum lasiophyllum S    S    S  P  S    S  P    P    S  P  

Thyridolepis multiculmis   P                P            

Thysanotus manglesianus     S                          

Trachymene ceratocarpa   P                            

Trachymene ornata                           S    

Velleia rosea   P  S  P  S  P      S  P            

Waitzia acuminata   P  S    S  P      S  P        S    

Waitzia nitida S            S        S          

T o t a l  s o w n  o r  p l a n t e d /  p r e s e n t  5 0  3 4  2 6  2 3  2 2  2 7  5 0  2 0  1 7  3 1  5 7  1 8  1 1  4 1  4 4  

N u m b e r  o f  s o w n  /  p l a n t e d  t a x a  r e c o r d e d  1 3  7  1 1  1 0  1 1  5  
N o t  

a p p l i c a b l e  
2 3  

P e r c e n t a g e  o f  s o w n  /  p l a n t e d  t a x a  r e c o r d e d  2 6 . 0 0  2 6 . 9 2  5 0 . 0 0  2 0 . 0 0  6 4 . 7 1  8 . 7 7  
N o t  

a p p l i c a b l e  
5 6 . 1 0  

N o t e s :  S  =  s o w n ,  P  =  p r e s e n t ,  P 1  =  p r e s e n t  b u t  t h e  s u b s p e c i e s  o r  v a r i e t y  o f  t h e  s p e c i e s  h a s  b e e n  r e c o r d e d ,  P 2  =  p r e s e n t  b u t  t h e  p l a n t  i d e n t i t y  c a n n o t  b e  f u l l y  c o n f i r m e d  t o  s p e c i e s ,  P 3  =  t r e e  

s p e c i e s  f r o m  t h e  l a r g e s t  p l o t  ( 1 0 0  m  x  5 0  m  f o r  1 0  s i t e s  a n d  7 0  m  x  5 0  m  f o r  D o m a i n  4 )  ( n o t e  t h a t  t h e  P 3  s p e c i e s  w e r e  a d d e d  i n  2 0 1 7  f o r  t h e  f i r s t  t i m e ,  t h i s  i s  t o  b e  c o n s i s t e n t  w i t h  o t h e r  

c a l c u l a t i o n s  c a r r i e d  o u t  i n  t h i s  r e p o r t ) ;  c e l l s  h i g h l i g h t e d  g r e e n  i n d i c a t e  s o w n  s p e c i e s  a l s o  r e c o r d e d  i n  r e h a b i l i t a t i o n  a r e a .  
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APPENDIX 6: DECLARED PESTS CATEGORIES 
Declared pests can be assigned to a C1, C2 or C3 control category under the Biosecurity and Agriculture 

Management Regulations 2013.  The control categories are listed below.  Some declared pests are unassigned and 

the description for these plants is also included below. 

Table A6.1: Control categories for Declared Pests – (DPIRD, 2019b 

Category  Description 

C1 Exclusion Organisms which should be excluded from part or all of Western 
Australia 

C2 Eradication Organisms which should be eradicated from part or all of Western 
Australia 

C3 Management Organisms that should have some form of management applied that 
will alleviate the harmful impact of the organism, reduce the numbers 
or distribution of the organism or prevent or contain the spread of the 
organism 

Unassigned Unassigned: Declared pests that are recognised as having a harmful 
impact under certain circumstances, where their subsequent control 
requirements are determined by a Plan or other legislative 
arrangements under the Act. 
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Research Program – Outcomes 
Outcomes of the research program will inform the practices of restoration across Koolanooka and Blue Hills, with generic capability to other 

SMC activities in the mid-west.  

Proposed 
research 

Outcomes Who will 
undertake 
the work 

Cost Cost savings to 
SMC 

Regulatory compliance Outcomes 

Undertake 
seeding and 
tubestock 
planting on the 
TEC offset area 

Replace 70% of the species 
diversity through topsoil, 
seeding (46 species) and 
tubestock (an additional 8 
species).  
Determine seeding rates for a 
wide range of species. 
Determine planting density.  
Cost-benefit analysis of seed 
vs. tubestock of species at low 
abundance.  
Demonstrate successful 
restoration to assist with the 
processes for exploration and 
mining approvals. 
Ascertain the success of ‘nodes 
of diversity’ which 
concentrates scarce and 
valuable resources. 
A restoration manual. 

BGPA to do 
experimental 
seeding and 
planting. 

Included in 
BGPA 
project 
scope. 
Seed has 
already been 
provided by 
SMC 
Tubestock to 
be provided 
by BGPA. 

If 70% is not 
achieved, restoration 
activities may need to 
be repeated. 
Accurately developing 
seeding rates will 
prevent costly seed 
wastage. 
Determining planting 
density will save 
money through 
preventing over-
planting. 

Replacing 70% of the species 
diversity is required to meet the 
requirements in Ministerial 811. 
Demonstrating that sign off can 
be achieved and having a 
restoration manual will help 
with future approvals. 
 

Seedling (emergence and 
survival) and tubestock 
(survival and growth) 
monitoring has been 
completed in the 
remaining area of the 
TEC offset where topsoil 
has been replaced.  
 
44 native species (64% 
richness) in the TEC 
offset has been 
confirmed with an 
additional 42 species 
awaiting identification. A 
further 16 of non-TEC 
species have also been 
recorded (natives only) 
 
Twelve species of weed 
were recorded in the TEC 
offset area (ten were 
above levels in 
undisturbed areas), with 
minimal weed species 
recorded in the Blue Hills 
drill pads. 
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Proposed 
research 

Outcomes Who will 
undertake 
the work 

Cost Cost savings to 
SMC 

Regulatory compliance Outcomes 

 

Irrigate plots 
within the TEC 
offset area 

Demonstrate the seasonal 
effects of rainfall on 
restoration success. 

BGPA Included in 
BGPA 
project 
scope. 
 

NA Demonstrating the seasonal 
effects of rainfall on restoration 
success will demonstrate to the 
regulator that success may not 
be achieved in a low rainfall 
year, and a succession of low 
rainfall years may require a 
longer time until regulatory sign 
off. 
 

Irrigation was set up, 
implemented and 
completed on the TEC 
offset area. 
 
Irrigation increased 
seedling emergence 
when rainfall was low. 

Use ‘smart 
seed’ 
technology 
including seed 
priming and 
seed pelleting 

Cost-benefit analysis of ‘smart 
seed’ technology (seed 
enabling technologies) – 
priming and pelleting of seed. 

BGPA Included in 
BGPA 
project 
scope. 

If fewer seeds can be 
used to achieve 
restoration goals, 
then seed collection 
will be less costly. 

Demonstrate cost-effective 
restoration capability. 

Primed and pelleted 
seeds were developed 
and tested ex situ 
(laboratory and 
glasshouse) and assessed 
in situ under field 
conditions. 
 
Seed enhancement 
demonstrated potential 
for increases in seed 
emergence but further 
refinement is necessary 
to optimise method 
under field conditions.  
 

Undertake seed 
propagation 
research 

Determine seed propagation 
techniques to inform tubestock 
production of species at low 
abundance and with 
insufficient seed for 
broadcasting. 

BGPA Included in 
BGPA 
project 
scope. 

Cost effective 
propagation success 
will result in less seed 
collection costs, lower 
nursery sowing costs 
and more effective 

Achieving 70% species diversity. Assessment of seed 
biology has provided a 
database of relative 
viability, germination 
capacity and type of 
dormancy. 



5 
 

Proposed 
research 

Outcomes Who will 
undertake 
the work 

Cost Cost savings to 
SMC 

Regulatory compliance Outcomes 

establishment.  
This has provided the 
basis for calculations of 
seeding rates and seed 
pre-treatments for 
seeding and plant 
propagation to achieve 
required species density 
for restoration. 
  

Respread 
topsoil at Blue 
Hills 

Determine which species are 
absent following topsoil 
stockpiling and need to be 
seeded. 

SMC to spread 
soil. BGPA to 
monitor 
seedling 
emergence. 
 

Included in 
BGPA 
project 
scope. 

Determine which 
species can be 
omitted from seed 
mix. 

NA Due to the lack of mobile 
equipment, topsoil was 
not respread at Blue 
Hills. 

Investigate 
seedling 
recruitment on 
exploration 
lines and drill 
pads 

Determine whether the lack of 
recruitment is due to a lack of 
a seed bank (in which case 
remedial action can include 
seeding) or a lack of favourable 
conditions for emergence (in 
which case remedial action 
may include soil amendments 
or planting). 
 

BGPA Included in 
BGPA 
project 
scope. 

Identify what 
intervention is 
required and what is 
not necessary. 

Demonstrate sound 
environmental stewardship. 

Seedling (emergence and 
survival) and tubestock 
(survival and growth) 
monitoring has been 
completed in drill pads at 
Blue Hills.  
 
Overall, 70% of species 
diversity in the drill pads 
has been achieved with a 
further 14 non-TEC 
species recorded on site 
(natives only) 
 

Investigate 
plant health in 
restoration 

Developing predictive 
measures of restoration 
success.  This will be the first 

BGPA  Included in 
BGPA 
project 

Understanding plant 
health as a predictor 
of long-term 

Minimise long-term monitoring. 
Facilitate regulatory sign off. 

Comparative assessment 
of plant performance 
(ecophysiology of 
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Proposed 
research 

Outcomes Who will 
undertake 
the work 

Cost Cost savings to 
SMC 

Regulatory compliance Outcomes 

mine site using this technology. scope. restoration capability 
will reduce re-
planting and reduce 
long-term monitoring. 

tubestock) between 
reference sites and 
restoration areas was 
completed 
 
Plant performance was 
higher (i.e. better health) 
in tubestock planted in 
restoration areas than 
those planted in 
reference areas. 
 

Plant 
community 
analysis 

Plant communities in the 
restoration sites will be 
compared with the reference 
sites to determine their 
similarity. 
 

BGPA Included in 
BGPA 
project 
scope. 

 Increase regulatory confidence 
that the restoration is similar in 
composition to the reference 
site.  

In 2017, 25 species were 
common to both the TEC 
offset and DEC 
community 3. 
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Executive summary  
 

Sinosteel Midwest Corporation (SMC) engaged Kings Park in 2012 to develop a 

comprehensive five-year restoration plan for its iron ore mining operations at Koolanooka 

and Blue Hills. This final annual report presents results from research undertaken at field 

sites at SMC’s Koolanooka and Blue Hills mining tenements, and research conducted in 

laboratory and glasshouse facilities at Kings Park from March 2016 to March 2017. 

Ongoing monitoring of vegetation restoration field trial commenced in 2015 of TEC offset 

site at Koolanooka found 

 102 species have returned to the TEC offset site representing 44 confirmed TEC species. 

For TEC offset area restored (0.86 ha topsoiled and seeded) in this field trial, this 

represents 64% of TEC species targeted (69 species) for restoration calculated from the 

cumulative species area curve. However, there is another 42 unidentified species of 

which many will be TEC species.  

 Seedling emergence and survival was very low from pelleted seed and hydroprimed 

seed, with no benefit found over non-treated seed. Further research is required to 

develop seed technologies before its adoption for routine restoration practice. 

 Tubestock planting of is suitable for Hakea recurva, Grevillea levis, G. paradoxa and 

Calycopeplus paucifolia with >30% survival. Survival of Eremophila clarkei was very low 

and is probably due to impact of grazing by rabbits. 

 Rabbits (and goats when they breached a fence) are having are major impact on plant 

growth and survival. 

 There is some evidence that indicate are that current site conditions in the TEC offset are 

suitable for vegetation restoration with Hakea recurva survival higher in restoration site 

than undisturbed reference site (63% vs 0%). 

 Weeds made up a significant component of vegetation establishing on the TEC offset site 

especially where no topsoil was spread. Of particular concern is the large area infested 

by Rumex vesicarius (Ruby Dock). It is recommended that spraying of weeds be 

undertaken to limits its spread. Where best practice restoration has occurred weed 

coverage is <1%. 

 

Field trials on old and new rehabilitated drill pads at Blue Hills have found; 

 Comparison of vegetation growth on drill pads rehabilitated in 2009 with adjacent 

undisturbed vegetation showed that they had similar species richness and 70% of 

species were common to both. Orchids and ferns were only found in undisturbed 

vegetation. 
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 Seedling emergence is significantly greater when seeding into newly rehabilitated (<1 

year) sites than seeding into sites rehabilitated >2 years. 

 Tubestock survival was very high and is a cost effective method to supplement plant 

recruitment form the topsoil seed bank. 

 Seed movement was by ants was high with 17-23% of seeds having been moved over 

three days. 

 It is recommended that after one year after initial restoration of drill pads (topsoil 

spreading and ripping), vegetation monitoring should be used to identify any deficit in 

species and plant abundance on drill pads by comparing to adjacent undisturbed 

vegetation. If required, tubestock planting should be used to reach restoration 

vegetation restoration targets (as set by government regulator) for drill pads. 
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Towards 70% species replacement in the TEC offset 
 

Aims 

 

The main aim of the field research trial was to achieve 70% return of TEC species and 

determined the best method to return the required number of species to site. The greatest 

limiting factor to returning the required number of species to site was the insufficient 

quantity of seed collected for most species.  This was due to:  

1) comparatively low fecundity rates of many arid-zone species and  

2) the short and unpredictable window of opportunity for collecting seed  

from natural populations (timing and quantity of seasonal rainfall).  

As a result, for species that are difficult to collect, the limited amount of seed collected was 

used for tubestock propagation.  For other species for which seed was not been collected, or 

an insufficient quantity of seed was collected for tubestock propagation, cuttings were 

taken. The trial will better inform vegetation restoration by defining the best method for 

replacement and the required seed quantities for seed collection, propagation and sowing 

density. 

 

The specific aims of the restoring the TEC offset area were to:  

 Demonstrate the best methods of plant replacement for each species:  

o natural dispersal 

o topsoil 

o seed 

o planting 

 Demonstrate that rainfall variability will affect restoration outcomes  

 Determine whether irrigation is effective for vegetation restoration 

o Either a once off application of water at planting or continuous irrigation is 

required. 

o A method that is at an extent that is scalable to industry needs. 

 Determine the seeding rates for broadcast seeding of plant species, by measuring 

o emergence rates (winter/spring 2015; winter/spring 2016) 

o plant survival (autumn 2016; summer 2017)  

 Determine the planting density of plants based on survival rates of planted seedlings. 

 

Legal obligations for mine closure 

As this trial will be undertaken within the TEC offset area, all plants within the experimental 

area will count towards the biodiversity targets for mine closure.  All species will be 

recorded, and at least one individual of each species will be tagged to enable them to be 

identified during monitoring to assess completion criteria.  
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An innovative seeding technique - ‘Nodes of biodiversity’  

Two seed mixes were formulated for the TEC offset area because there were a limited 

number of species having a sufficient quantity of seed to broadcast at the required density 

over the entire area.  The first seed mix (‘background seed mix’) contains species that have 

sufficient quantity of seed for sowing over the entire TEC offset and was sown by BGPA staff 

and SMC staff.  The second seed mix (‘biodiverse seed mix’) contained additional species 

which have sufficient quantity for sowing into experimental plots to test for emergence and 

survival rates, and was sown by BGPA staff.  These specific trial plots were developing an 

innovative technique of restoration to cope with scarce and valuable resources, whereby 

seeds and water will be concentrated in ‘nodes of biodiversity’.   

 

Seed biology 

The core principle to this program is to undertake the research and development required to 

ensure that seeds collected for SMC rehabilitation are used to their full potential through 

optimising each step in the chain of seed usage - from collection, storage, propagation and 

delivery to site.  Species-specific information on seed use must, therefore, be tailored to site-

specific needs for effective seed use in rehabilitation. Past failures in the effective use of 

seed can be linked to the need to develop site-specific, bioregional approaches to seed 

utilisation that address the core issues of timing of collection, quality of seed, viability of 

seed, dormancy release and site delivery techniques. 

 

Seed enabling technologies 

Seed priming experiments in the laboratory produced increased germination percentages 

and rates, however, emergence in the field was very low, and the benefit of priming has not 

yet been demonstrated.  The low field emergence was likely due to low rainfall, so the 

benefit of seed priming is being assessed under the different irrigation regimes. The species 

chosen for the priming trial included Allocasuarina acutivalvis, because ex-situ experiments 

demonstrated that priming increased the germination rate (halved the time to 50% 

germination) and Eucalyptus loxophleba, because priming increased the germination 

percentage under low water potentials. 

  

Seed pelleting is a technology used to increase seedling emergence in restoration, 

particularly to offset the impedance imposed by the presence of a soil crust.  The pellets 

consist of seeds, organic material and clay. Species for seed pelleting included Melaleuca 

nematophylla, as seedling emergence is low, combined with an annual daisy (Asteraceae).  

Combining many seeds together in a pellet aims to enable facilitation between the emerging 

seedlings.  Due to the short life span of the annual, there will not be competition between 

the annual and perennial species in the long term.   
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Methods 

 

Please refer to BGPA Annual report 2016 for full details on experimental design and 

methods. 

 

Restoration seeding trial in situ TEC offset 

 

The main seed mix contained 32 species (Table 1), and was seeded in May 2015. Topsoil was 

replaced before seeding, however, the whole site was not covered especially slope plots, 

possibly due to limitations of mobile equipment to spread topsoil at the required depth of 

10 cm over the whole site. Also, the effective area of TEC offset that was restored (topsoiled 

and seeded) covers approximately 0.86 ha (12.3%) of the total 7 ha TEC offset target.  
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Table 1. Species used in the main seed mix, and their pre-treatments (where applicable)  

 

Species Accession Pre-treatment 

Acacia acuminata Red Dirt 2 mins 95˚C 
Acacia assimilis subsp. 
assimilis 14KN2 2 mins 95˚C 
Acacia colletioides Red Dirt 2 mins 95˚C 
Acacia coolgardiensis Red Dirt 2 mins 95˚C 
Acacia ramulosa 14KN5 2 mins 95˚C 
Acacia stereophylla 14KN6 2 mins 95˚C 
Acacia tetragonophylla 14-020 2 mins 95˚C 
Allocasuarina campestris 14KN14 - 
Allocasuarina acutivalvis 12-016 - 
Allocasuarina dielsiana 14-003 - 

Amphipogon caricinus 14KN16 - 
Atriplex semilunaris 14KN19 - 
Austrostipa elegantissima 14KN20 - 
Calothamnus gilesii 14-041 - 
Dodonaea inaequifolia 14-017 2 mins 95˚C 
Eucalyptus ebbanoensis 14KN36 - 
Eucalyptus ewartiana SINO 13-68 - 
Grevillea obliquistigma 14KN43 - 
Maireana brevifolia 14KN50 - 
Maireana carnosa 14KN51 - 
Melaleuca hamata 14-015 - 
Melaleuca nematophylla 14-042 - 

Melaleuca radula 12-015 - 
Podolepis canescens 13-010 - 
Ptilotus divaricatus 14KN60 - 
Ptilotus obovatus 14-034 - 
Ptilotus polystachyus 14KN64 - 
Rhodanthe battii 14KN65 - 
Schoenia cassiniana 14KN70 + SINO 13-19 - 
Solanum lasiophyllum 14KN78 - 
Trachymene ornata 14-025 + 14-026 - 
Waitzia acuminata 13-015 - 
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Seed enhancement technology 

 

Hydropriming  

 
Table 2. Species list of seeds pre-treated using hydro-priming 
 

Species Accession 

  Allocasuarina acutivalvis 12-016 
Melaleuca nematophylla 14-042 
Eucalyptus loxophleba subsp. 
supralaevis 14KN38 

   
 

Salicylic Acid  

 

Table 3. Species list of seed pre-treated with salicylic acid 

 

Species Accession 

  
Podolepis canescens 13-010 
Waitzia acuminata 13-015 
Allocasuarina acutivalvis 12-016 
Acacia colletioides Red Dirt Seeds May 2015 
Acacia coolgardiensis Red Dirt Seeds May 2015 
Eucalyptus ebbanoensis 14KN36 
Melaleuca nematophylla 14-042 
Austrostipa elegantissima 14KN20 
Grevillea obliquistigma 14KN43 
Dodonaea inaequifolia 14-017 
  

 

Pelleting 

 
Table 4. Species list of seeds used in the pellets 
 

Species Accession 

  Allocasuarina acutivalvis 12-016 
Melaleuca nematophylla 14-042 
Podolepis canescens 12-044 
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Comparative reference site field trial species 

 

Table 5. Species seeded in the reference site as a comparison to the TEC restoration effort 
 

Species Accession 

  
Acacia ramulosa var. ramulosa 14KN5 
Acacia stereophylla 14KN6 
Acacia tetragonophylla 14-020 
Allocasuarina campestris 14KN14 
Dodonaea inaequifolia 14-017 
Maireana brevifolia 14KN50 
Solanum lasiophyllum 14KN78 
  

 
 

Restoration tubestock trial in situ 

 
Table 6. Species planted as tubestock in the TEC area, including the reference site 
 

Species Source 

  
Androcalva luteiflora Cuttings 
Calycopeplus paucifolius Cuttings 
Daviesia hakeoides Cuttings 
Eremophila clarkei Cuttings 
Grevillea levis Cuttings 
Grevillea paradoxa Seed and cuttings 
Hakea recurva Seed 
Mirbelia sp. Cuttings 
Philotheca brucei Cuttings 
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Results 

Restoration seeding trial in situ 

 

102 species have returned to the TEC offset site representing 44 confirmed TEC species 

(Table 7). For TEC offset area restored (0.86 ha topsoiled and seeded) in this field trial, this 

represents 64% of TEC species targeted (69 species) for restoration calculated from the 

cumulative species area curve. However, there is another 42 unidentified species of which 

many will be TEC species.  

 
Table 7: Number of native plants and species within the 0.86 Ha restored TEC trial area 
compared to species in adjacent reference systems. 
 

Site  Species richness (natives only) 
 

Density  
(perennial 
plants/m2) 

Weed 
coverage 

TEC reference system 69 species 
(target of 48 species  
for 70% return) 

0.231 <1% – 5%3 

 
Restored TEC trial 
area 

 
102 species 

 44 from TEC community 

 42 awaiting identification 
(incl. some TEC species) 

 16 from non-TEC 
communities 

 

 
0.942 

 
0% - <1%3 

1average data recorded from 9 x 100m2 plots in the TEC reference community 
2data recorded from the restored TEC trial area (8,581m2) 
3data taken from Maia 2015 environmental report for SMC summarizing whole Koolanooka 
rehabilitation site information rather than specifics of TEC trial area. Information compared 
to four surrounding reference communities. 
 

Seed enhancement technologies 

 

Hydropriming 

 Hydropriming had no negative impact on the germination of Allocasuarina 

acutivalvis, Melaleuca nematophylla and Eucalyptus loxophleba subsp. supralaevis 

under laboratory conditions (BGPA Annual Report 2016). 

 Hydropriming appeared to have a negative effect of emergence of Allocasuarina 

acutivalvis and Eucalyptus loxophleba in the field and this was not improved with 

irrigation. Emergence of Melaleuca nematophylla was negligible (BGPA Annual 

Report 2016). 
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 Lack of response in the field could be due to the delay between sowing treated seeds 

(15 May 2015) and application of irrigation (18 July 2015), as it is possible that 

treated seeds have shorter longevity than untreated seeds. 

 No new seedlings were recorded in 2016 and the survival of emergent seedlings had 

decreased for all species. 

 

Salicylic acid 

 Salicylic acid had no negative impact of species germination under laboratory 

conditions (BGPA Annual Report 2016). 

 Emergence in the field was very low, with an average of less than three seedlings 

emerging per species (BGPA Annual Report 2016).  

 No new seedlings were recorded in 2016 and the survival of emergent seedlings had 

decreased for all species. 

 

Pelleting 

 There was a mixed germination response of species to the method of pelleting and 

combination of species incorporated into the pellets tested in the glasshouse (BGPA 

Annual Report 2016). 

 Seedling emergence from pellets sown in the field was very low, with less than three 

seedlings emerging per plot (BGPA Annual Report 2016). 

 Survival after summer (19/07/2016) was negligible.  

 

Comparative reference site field trial species 

 

 No seedling emergence was observed in the reference site. 

 

Restoration tubestock trial in situ 

 

 Tubestock survival after 20 months was varied among the species. 

 No tubestock (Hakea recurva) planted in the reference site survived. 

 Of the small number of tubestock from the small subset of species planted external 

to the experiment, only Mirbelia sp. was still alive. 

 A single tubestock of Eremophila clarkei was alive, having survived previous heavy 

grazing by being sheltered by a Salsola plant. 

 Tubestock survival of the other three species decreased (Grevillea levis, Grevillea 

paradoxa, Calycopeplus paucifolius) and was stable for one species (Hakea recurva). 

 Hake recurva plant survival is higher from tubestock than seeding and is 

recommended that seed be used for propagating tubestock rather than for sowing 

on restoration sites. 
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 Grazing by herbivores (rabbits and goats) significantly impacted the growth and 

survival of tubestock (Figures 20 and 21) and would need better control in the future. 

 

In the one year since (February 2016 to 2017), there has been a significant drop in tubestock 

survival with Grevillea levis decreasing from 77% to 59%, Grevillea paradoxa 67.5% to 55%, 

Eremophila clarkei 6% to 1% and Calycopeplus paucifolius 15% to 6% (Figure 1a-e). Hakea 

recurva did not record any significant drop in survival which was maintained at 74%. 

Landscape position had no effect on tubestock survival (only H. recurva and C. paucifolia 

used) with no difference found between plantings on slopes and flats. 

 

There were some differences in survival for some of the tubestock treatments but they 

seemed to be highly species specific. Deeper planting resulted in a trend for higher survival 

compared with conventional planting for H. recurva (75% vs 63%). However, the opposite 

trend was observed for C. paucifolia with 23% survival for deep planting compared to 30% 

survival for conventional planting. Treating tubestock with salicylic acid resulted in higher 

survival for H. recurva tubestock treated with salicylic acid (92% vs 63%) with no effect on G. 

paradoxa (52% vs 58%). There was a trend for higher survival of H. recurva (72% vs 63%) and 

G. levis (58% vs 50%) tubestock with the addition of fertiliser at the time of planting. A 

maximum of only a single E. clarkei and C. paucifolia tubestock survived for fertiliser and 

salicylic acid treatments and controls so no conclusion can be made for the effect of fertiliser 

and salicylic acid on these two species. 

 

There was higher survival of G. levis tubestock propagated from seed than from cuttings 

(68% vs 50%). Propagation date affected survival, as 30% of C. paucifolia tubestock 

propagated in July survived while none survived for those propagated in November.  

 

All species of tubestock showed signs of grazing by rabbits (Figure 3) or for C. paucifolia 

goats. It is unclear what effect grazing had on tubestock survival although from observations 

it is of high probability that predation by rabbits is likely to have contributed to the death of 

nearly all E. clarkei tubestock and been responsible for at least some mortality of H. recurva  

and both Grevillea species. 

 

Restoration trials show that best method of returning a plant to site, seed vs tubestock, and 

the benefits of any pre-treatments applied is species specific. However, Hake recurva, 

Grevillea levis and G. paradoxa (with over 50% survival) and Calycopeplus paucifolia (30% 

survival) are highly suitable for tubestock planting.  
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Figure 1. See caption next page. 
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d) 

 

 

 

 

 

 

 

 

 

 

 

 

e) 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Mean % seedlings survival at February 2017 of tubestock planted in June 2015 at 

Koolanooka TEC offset field site. Three replicate plots containing 20 tubestock [(a) 

Calycopeplus paucifolius, (b) Eremophila clarkei, (c) Grevillea levis propagated from cuttings 

and seed, (d) Grevillea paradoxa propagated from cuttings, and (e) Hakea recurva 

propagated from seed] randomly planted with treatments (control i.e. no treatment, deep 

planting, fertiliser and salicylic acid) on plateau and slopes as shown. C. paucifolius tubestock 

for deep planting treatment and control was propagated from cuttings in June 2014 and for 

all other treatments and control tubestock was propagated from cuttings in November 2014. 

In addition, for Hakea recurva 20 replicates of five seed were randomly surface sown in 

three replicate plots on the plateau. 
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Seeding vs tubestock - Hakea recurva 

 

There was 18.3% seedling emergence from seed sown in the TEC offset field site (Figure 2) 

compared to >95% emergence of seed sown for propagation of tubestock. Most seedlings 

had emerged during winter/spring of the first year with only 0.3% additional seedlings 

emerging in the second year.  All seedlings in the first year had died by the middle of 

summer in comparison 85% of tubestock seedlings had survived. It is unclear why they had 

died, however, as no dead seedlings were found it may have been due to predation as new 

growth on Hakea recurva is heavily predated by rabbits.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Mean Hakea recurva seedling emergence from seed sown at Kooli TEC offset field 

trial. (Comparison of method of plant return to site sowing vs planting. 

 

 

Grazing 

There was significant grazing of tubestock,  with rabbits most likely responsible as there was 

evidence from the feeding habits (bark stripping) on tubestock and rabbit dung found nearby 

(Figure 3). Rabbit grazing was most severe (>20% reduction in plant height between 

monitoring periods) with Eremophila and Hakea tubestock (Figure 4). Calycopeplus 

paucifolia grazing greatly increased after goats had breached the fence. The actual number 

of plants grazed was much greater than indicated by a 20% reduction in height. 
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Figure 3. Grazing by rabbits can potentially have a severe impact on mine site revegetation. 
Ungrazed (left) and grazed (right) Grevillea levis tubestock at Koolanooka. Note removal of 
bark from stem resulting in death of plant. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Proportion of Calycopeplus paucifolius, Eremophila clarkei, Hakea recurva, Grevillea 

levis and G. paradoxa tubestock that had been heavily grazed (>20% reduction in height) 

from February 2016 to February 2017. 
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Weed species 

 

Twelve weed species were recorded as present in the Koolanooka restoration trial (TEC 

offset area 2016; Table 8) and there were six weed species in common with the vegetation 

surveys in the undisturbed TEC. Five weed species were found in the in the TEC offset area 

but not in the undisturbed area and eight species were found in the undisturbed TEC surveys 

but not in the TEC offset restoration area. In general, the number of plots in the TEC offset 

area that had weeds present was at a greater frequency than what was recorded in 

undisturbed TEC vegetation surveys (Table 5; red versus green).  

 

Table 8. Frequency of plots where weed species were recorded as present in the 1) 

vegetation surveys of the TEC natural areas (19 plots); 2) restoration trials on the TEC offset 

slope areas (12 plots); and 3) restoration trials on the TEC offset flat plateau areas (18 plots). 

  

Family Weed species 
TEC 

undisturbed 
TEC offset 

Slopes 
TEC offset 

Flats 

Aizoaceae *Cleretum papulosum 0% 0% 6% 

Aizoaceae *Mesembryanthemum nodiflorum 0% 100% 67% 

Convolvulaceae *Cuscuta planiflora 47% 0% 0% 

Poaceae *Pentaschistis airoides subsp. airoides 32% 100% 61% 

Polygonaceae * Rumex vesicarius 16% 100% 89% 

Brassicaceae *Sisymbrium erysimoides 11% 0% 0% 

Caryophyllaceae *Silene nocturna 11% 67% 28% 

Asteraceae *Arctotheca calendula 5% 75% 72% 

Asteraceae *Hypochaeris glabra 5% 100% 94% 

Asteraceae *Hypocharis-like sp. 0% 0% 11% 

Asteraceae *Monoculus monstrosus 5% 0% 0% 

Asteraceae *Sonchus asper 0% 17% 6% 

Asteraceae *Sonchus oleratus 0% 42% 61% 

Caryophyllaceae *Petrorhagia dubia 5% 0% 0% 

Caryophyllaceae *Polycarpon tetraphyllum 5% 0% 0% 

Caryophyllaceae *Spergula pentandra 5% 83% 17% 

Fabaceae *Medicago minima uncommon 0% 0% 

Fabaceae *Trifolium sp. 0% 0% 1% 

Poaceae *Avena fatua uncommon 0% 0% 

Poaceae *Bromus rubens uncommon 0% 0% 

# Weed abundance in TEC offset areas varied across plots – see below. 

 

 

The abundance of these weed species varied among the different restoration trial plots, with 

plots on the slopes, which received minimal topsoil cover, had a higher abundance of weeds 

than the plots on the flat plateaus that received the recommended cover of topsoil (<10cm; 

Figure 5). These weed species, Mesembryanthemum nodiflorum, Pentaschistis airoides, 
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Hypocharis glabra, Rumex vesicarius and Silene nocturna, will need to be controlled in the 

TEC offset area to bring weed coverage within the levels defined in the Ministerial 

conditions. 

 

 

 
Figure 5. The average number of plants recorded for each weed species for the TEC offset 

slopes (12 plots) and the TEC offset flat plateaus (18 plots). 

 

Rainfall 

 

A rain gauge was installed in the TEC offset field trial site at Koolanooka and the following 

rainfall amounts were recorded (Table 9). A total of 93.7 mm of rainfall was recorded from 

May to December 2016 compared to average May to December average of 213.2 mm 

(Morawa Airport). For irrigated plots an additional 70 mm rainfall equivalent was provided 

from 18 July to 29 August. 
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Table 9. Rainfall collected at TEC offset field trial site at Koolanooka for periods indicated. 

Time period Rainfall amount 
(mm) 

16 May – 4 July 2015 17.0* 
5 – 17 July 2.0 
18 – 22 July 19.5 
23 July 1.0 
24 July – 3 Aug 32.2 
4 Aug 0.0 
5 Aug 0.8 
6-7 Aug 0.0 
8 Aug – 4 Sept 12.7 
5 Sept – 16 Dec 8.5 
17 Dec – 15 Feb 2016 40.0# 
Feb - July 105.0 
July – Sept  31.0 
Sept – Feb 2017 105 

Total 133.7 

* Rain gauge lid had blown off so quantity is likely underestimated. # Rain gauge overflowed. 

 

Recommendations 

 
Topsoil 

 Topsoil application (<10cm deep) minimises the amount of weed species and 

increases the number of native plants and species that establish in restoration areas. 

 

Seeding 

 Seeding increases species diversity in restoration areas, particularly targeted species 

that may be required for ministerial conditions. 20 species have been shown to 

recruit following broadcast seeding. There are potentially an additional nine more, 

but identification required after seedlings mature further (too young to identify 

accurately at time of monitoring). This is 20 (or 29) out of 32 species that were field 

tested. 

 

Seed technologies 

 Seed technologies have the potential to improve restoration, however, more in-situ 

research needs to be undertaken to refine techniques. 

 

Tubestock 

 Pre-treating with salicylic acid and deep planting improves survival of Hakea recurva 

tubestock. 
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 Seed should be used instead of cuttings to propagate Grevillea levis tubestock. 

 The addition of slow release fertiliser at the time of planting improved tubestock 

survival for H. recurva and G. levis. 

 Vertebrate herbivores (rabbits, goats or kangaroos) affected the growth and survival 

of tubestock. Fencing needs to be of a suitable design to exclude all herbivores and 

monitored to ensure any breaches are rectified. Additionally, integration of 

restoration site into the TEC area will require the removal of fencing in the future. In 

the future the cost of installing and then removing fencing needs to considered 

against other options likely shooting and poisoning which will also be of benefit to 

areas outside of the restoration. 

 Cuttings for propagating tubestock should be taken from plants that are not stressed 

are actively growing (end of winter/early spring) to maximise success in propagation 

and tubestock health, and also improve survival of tubestock after planting. 

 Planting of H. recurva tubestock is more seed efficient than sowing seeds. This is 

likely due to recently germinated seed being more vulnerable to predation than 

tubestock. 
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Blue Hills topsoil, exploration tracks and drill pads 
 

Aims 

 

We have assessed the success of the restoration of exploration tracks at Blue Hills, and 

investigated current management practices to ensure that SMC is achieving best practice in 

exploration track and drill pad restoration. 

 

We observed that the vegetation density within the exploration tracks is substantially lower 

than the undisturbed vegetation during a site visit in February 2015. Although SMC may be 

fulfilling their legal obligations for rehabilitation, exploration tracks and drill pads could not 

be considered restored. We conducted further vegetation surveys of older drill pads and 

field trials to provide alternative methods for improving restoration in these areas.  

 

Methods 

Analysing the effects of topsoil storage on seed persistence 

 

While seedling emergence studies from topsoil are useful to determine the species present 

in the topsoil, and the decline in their abundance during stockpiling, seed burial experiments 

are better able to determine the change in seed dormancy status and the decline in 

persistence over time. In this in situ experiment, bags of seeds of six species (Waitzia 

acuminata, Podolepis canescens, Acacia acuminata, Acacia anthochaera, Melaleuca 

nematophylla, and Allocasuarina acutivalvis) were buried on 19th February 2014 at two soil 

depth treatments (surface and buried) within the two topsoil source treatments and two 

stockpile cover treatments.  Specifically, the treatments were as follows:  

 3 species (Acacia assimilis, Allocasuarina acutivalvis and Waitzia acuminata), 2 

treatments (covered vs. uncovered), 2 substrates (topsoil vs. topsoil + woody debris), 

2 depths (surface vs. middle stockpile ~ 30 cm) 

 3 species (Acacia anthochaera, Melaleuca nematophylla and Podolepis canescens), 1 

treatment (uncovered + surface), 2 substrates (topsoil vs. topsoil + woody debris) 

  

The seed burial bags were collected in October 2014 (8 months) and December 2015 (22 

months).  

 

Seeding of drill pads 2015 field trial 

 

Seeds of Acacia spp. and Dodonaea inaequifolia were pre-treated with hot (95°C) water. The 

total number of seeds for each species varied depending on what was available. As a result 
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plots in the field were multi-seeded but not all species were used for all plots.  Either 200 or 

180 seeds were sown in each replicate plot.  

 

Exploration pads of two different ages were chosen with the assistance of Steve Neill (SMC) 

who briefed us on the history of sites chosen. Three pads were chosen along an older 

exploration line which had been cleared in July 2008 and rehabilitated in January 2009 (old 

rehab). Three pads were chosen which had been cleared in October-November 2014 and 

rehabilitated in June 2015 (new rehab) – two of these pads were along a new exploration 

line and an additional pad was chosen not far from the new exploration line. Three reference 

sites were chosen; one near older exploration line, one near the new exploration line and 

one near the extra pad. Each pad had three replicate 1 m x 5 m plots, and each reference 

site had one replicate 1 m x 5 m plot. Seeds were mixed together with soil in plastic 

containers and hand sown evenly across the plot. 200 seeds of each species (180 seeds of 

Maireana carnosa) were seeded in each replicate plot on 16 July 2015 (Table 10). 

 

 

Table 10. List of species seeded at Blue Hills. The locations where they were seeded (pads 1-
3 in both old and new rehabilitation, and reference sites(r)) are indicated as due to limited 
seeds, not all species were seeded in each replicate plot. 
 

 
Species 

Accessio
n 

Number 
seeds 

pad 1 1 1 2 2 2 3 3 3 r r r 

 
 

 

plo
t 

1 2 3 1 2 3 1 2 3 1 2 3 

Acacia assimilis 12-036 9 x 200              

Acacia ramulosa var. 
ramulosa 14KN5 11 x 200 

             

Dodonaea 
inaequifolia 14-017 21 x 200 

             

Maireana carnosa 14KN51 11 x 180              

Solanum 
lasiophyllum 14KN78 21 x 200 

             

 

 

Vegetation surveys of drill pads 

 

Vegetation surveys of drill pads of various ages and the adjacent natural vegetation 

(reference sites) were completed to determine the trajectory of restoration in these areas. 

We surveyed for species richness, abundance and cover of all plants present in quadrats 

(12m x 12m) in six drill pads and six reference sites. Drill pad rehabilitation (ripping and 

spreading of topsoil) was conducted in 2007 and surveys were done in 2016 (~9 years old).  
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Seeding of drill pads - 2016 field trial 

 
Research will determine the limitations to recruitment in drill pads – either lack of seed 

availability caused by poor topsoil stockpiling (i.e. no seed bank and/or no dispersal from 

surrounding areas) or lack of favourable soil conditions (i.e. the soil is too compacted, there 

is too much bare rock, there is a crust).  We have sown seed in replicate plots and measured 

soil parameters such as crusting to determine what soil parameters may need amelioration. 

Three recently rehabilitated drill pads (~one year; rehabilitated in June 2015) were used for 

this trial. 

 

In summary, the following treatments were initiated on these sites with the sowing of seed 

from eight species (Acacia anthochaera; Acacia assimilis subsp. assimilis; Allocasuarina  

acutivalvis; Dodonaea inaequifolia; Eucalyptus leptopoda; Melaleuca hamata; Melaleuca 

nematophylla; Waitzia acuminata): 

 +/ - Seeding (establish base line topsoil recruitment) 

 +/ - herbivore exclusion (i.e. fencing) 

 +/ - application of gypsum (e.g. delay soil crusting) 

 +/ - raking (e.g. to imitate fresh vs aged respreading of topsoil) 

 +/ - raking and application of gypsum 

 

For field trial design for the seeding, see Quarterly Report August 2016. 

 

Restoration seeding trial in situ 

 
Table 11. Species seeded in the drill pads, including the reference site 
 

Species Accession 

  
Acacia anthochaera 14-018 
Acacia assimilis subsp. assimilis 12-036 
Allocasuarina acutivalvis 12-016 
Dodonaea inaequifolia 14-017 
Eucalyptus leptopoda 14-008 
Melaleuca hamata 14-015 
Melaleuca nematophylla 12-014 
Waitzia acuminata 13-015 
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Tubestock planting of drill pads 

  
Research will determine the limitations to restoration efforts using tubestock in drill pads. 

We planted four plant species that were 6-8 months of age (Acacia tetragonophylla; 

Allocasuarina acutivalvis; Melaleuca nematophylla; Eucalyptus leptopoda) under two 

treatment conditions: 

 +/ - watering (once at time of planting) 

 +/ - herbivore exclusion (i.e. fencing) 

 
For field trial design for the tubestock, see Quarterly Report August 2016. 

 

Restoration tubestock trial in situ 

 
Table 12. Species planted as tubestock in the drill pads, including the reference site 
 

Species Source 

  
Acacia tetragonophylla Seeds 
Allocasuarina acutivalvis Seeds 
Eucalyptus leptopoda Seeds 
Melaleuca nematophylla Seeds 
  

 

Seed movement by invertebrates and vertebrates on drill pads 

 

For the assessment of seed predation or dispersal, seed cafeterias were set up with seed of 

the eight species used in the seed sowing experiment. These cafeterias were 1) caged, to 

identify the levels of seed predation by invertebrates (e.g. ants) and 2) uncaged, to identify 

the levels of seed predation by both invertebrates (e.g. ants) and vertebrates (e.g. rodents) 

on the seeds sown on the drill pads. Three new (one year-old) and three old (three year-old) 

drill pad sites and two undisturbed reference sites were chosen for the experiments.  

For field trial design for the seed cafeterias, see Quarterly Report August 2016. 
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Rainfall 

 

A rain gauge was installed at Blue Hills and the following rainfall amounts have been 

recorded during field trips (Table 13). A total of 244.1 mm of rainfall was recorded from 

March 2016 to February 2017, compared to average rainfall of 291.7 mm (Morawa Airport). 

 

Table 13. Rainfall data collected from a rain gauge installed at Blue Hills for periods 

indicated. 

Time period Rainfall amount 
(mm) 

March – April 2016 24.5 
April – June 2016 49.0 
June – Sept 2016 83.0 
Sept 2016 – Feb 2017 87.6 

Total 244.1 

Results 

 

Analysing the effects of topsoil storage on seed persistence 

 

After eight months of burial, most of the Acacia assimilis and Acacia anthochaera seeds 

were filled, and very few had germinated in situ (Figure 6 and 8).  For Allocasuarina 

acuminata, there was more in-situ germination in the uncovered stockpiles compared with 

the covered stockpiles (Figure 6).  Seeds of Melaleuca nematophylla and Podolepis 

canescens did not appear to be persistent, as after 8 months, seeds had either germinated 

in-situ or were empty (Figure 8).   

 

After 22 months of burial, seeds of Acacia assimilis and Acacia anthochaera were still filled 

(Figure 7 and 9), and ex-situ germination testing revealed that most of the seeds were still 

physically dormant, indicating that the seeds of the two species are persistent. However, the 

remaining species, which have non-dormant seeds, were not persistent, as although filled 

seeds were recovered for some species (Figure 7 and 9), these seeds were mostly non-viable 

(data not shown).  Few treatment differences were observed.  
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Figure 6. Average number of seeds that germinated in-situ, empty seeds and filled seeds of 

three species buried or on the surface of covered or uncovered stockpiles of topsoil or 

woody debris for eight months.   

 

 
 

Figure 7. Average number of seeds that germinated in-situ, empty seeds and filled seeds of 

three species buried or on the surface of covered or uncovered stockpiles of topsoil or 

woody debris for 22 months.   
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Figure 8. Average number of seeds that germinated in-situ, empty seeds and filled seeds of 

three species placed in topsoil and woody debris stockpiles for eight months. 

 

   

 
 

Figure 9. Average number of seeds that germinated in-situ, empty seeds and filled seeds of 

three species placed in topsoil and woody debris stockpiles for 22 months.   
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Seeding of drill pads (2014) 

 
The cumulative number of seedlings emerging from seed broadcast into recently restored 
drill pads had more than doubled by the end of the second summer (Figure 10). The increase 
was largely due to a 4-fold increase in Maireana carnosa. Higher seedling emergence in the 
second year than first year is likely due to higher rainfall experienced in 2016 than 2015. In 
the 9 year-old drill pads only a single Maireana carnosa seedling emerged from all plots. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Mean cumulative seedling emergence of Acacia assimilis, A. ramulosa, Dodonaea 
inaequifolia, Maireana carnosa and Solanum lasiophyllum seed sown (June 2015) into 
restored (November 2014) drill pads at Blue Hills. Bars indicate standard errors of the mean 
(n = 3). 
 

Vegetation surveys of drill pads 

 
Comparing the species composition in the drill pads against the reference community, we 
found that overall, they had 70% of their species in common between them (Appendix 1), 
however, at an individual level comparison each drill pad had less species in common than 
its corresponding reference. At an individual level, each drill pad had 50-64% of the species 
present in the corresponding reference site (each pair compared). This indicates that all 
these drill pads (1-6) are progressing towards their respective reference community in the 
same manner. Overall, the drill pads (1-6) were missing 30% of the reference community 
species, but they themselves had species that were not present in the reference community. 
Interestingly, this pattern and magnitude of the difference between drill pad and reference 
site pairs was consistently different among the pairs (e.g. drill pad 6 and reference site 6 
were as similar to each other as drill pad 3 and reference site 3; Figure 11). Species richness 
was similar with a mean of 24 species found in reference plots and 23 species found in drill 
pad plots. There were also minimal numbers (scattered or none) and species of weeds found 
in these drill pads.  
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In summary, drill pads that are nine years post-rehabilitation has a vegetation community 
that was approaching similarity to matching reference sites, particularly for shrub and 
perennial herb species. In general, the uncommon shrubs, perennial herbs, grasses and 
annual herbs were the groups that were absent. Overall, the six drill pads had 70% of species 
that were present in the six reference sites, but at an individual level the species that were 
common between each drill pad – reference site pair was lower (50-64%). 
 

 
Figure 11. Non-metric multidimensional scaling ordination of the vegetation community 

composition in reference sites adjacent to drill pads that are nine years post rehabilitation. 

 

  



35 
 

Seeding of drill pads (2016) 

 

The topsoil assessment and seed broadcast experiment commenced in April 2016 and 

seedlings were counted in June 2016, September 2016 and February 2017 (Figure 12). The 

average number of seedlings emerging from the topsoil on a one year old rehabilitated drill 

pad, mainly consisted of annuals and grasses, with few perennials. The number of seedlings 

emerging from the topsoil increased from June to September as the season progressed 

(Figure 12a), and these annuals had completed their cycle and died before the February 

2017 monitoring period. However, the summer rainfall (Table 13) triggered another 

emergence event of annual species that was captured in this monitoring period (Figure12a). 

Interestingly the control treatment had the highest emergence for June and September, but 

the gypsum application and re-raked treatments had the highest emergence in February 

with the summer rains. However, the high standard error indicates that there maybe one 

anomalous plot and the differences may not be statistically different.  

 

The average number of seedlings that emerged from the sown seed broadcast did not 

increase between June and September for the control treatment but did increase for all 

other treatments (Figure 12b). This indicated that these treatments effectively increased the 

emergence of broadcast seed over no treatment at all. The greatest increase in emergence 

was in the re-raked treatment, indicating that seed is best sown at the same time as the 

topsoil is freshly spread (i.e. an air-seeder attached to the back of a ripper). This increases 

the soil contact with the seed (e.g. more seed surface area exposed to soil moisture), 

protects seed from movement (e.g. surface water or animal disperser) and minimises the 

effect of soil crusting on emergence. The application of gypsum to counteract the formation 

of soil crusting appeared to have no effect on seedling emergence. Sowing seed on the 

surface of spread topsoil that has already settled (e.g. for one year or post-winter rains) 

decreased seedling emergence from broadcast seed on drill pads (Figure 12b).  

 

All of the eight species that were sown had germinated, with highest emergence from 

Dodonaea inaequifolia and Melaleuca nematophylla and the lowest emergence from 

Waitzia acuminata. Survival after the first summer (Feb 2017) was greatest with 

Allocasuarina acutivalvis (14.6%) followed by Acacia anthochaera (3.4%) and Acacia assimilis 

(3.0%). 

 

 



36 
 

 

Figure 12. Average number of seedlings that had emerged (June), emerged and surviving 

(Sept) or surviving (Feb) from the a) topsoil seedbank or b) broadcast seeded – eight species, 

on the drill pads at Blue Hills. Treatments for seedling emergence included 1) controls; 2) 

application of gypsum; 3) raking of the soil to mimic sowing immediately after topsoil was 

spread fresh  

 

Tubestock planting of drill pads 

 
 
The tubestock was planted in June 2016 and assessed for survival and evidence of grazing in 
August/September 2016 and February 2017. Rainfall was above average for the season and 
eight months after planting, the average proportion of dead plants varied across treatments 
and the different species (Figure 13). All of the four species that were planted had survived 
and had put on new growth, with best survival from Eucalyptus leptopoda and the poorest 
survival from Acacia tetragonophylla and Melaleuca nematophylla. The tubestock planted 
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outside the fenced area showed evidence of grazing. The species that showed evidence of 
grazing were Acacia tetragonophylla and Allocasuarina acutivalvis, with 34% and 66% of 
these tubestock being affected, respectively. 
 
 

 
Figure 13. The average proportion of dead plants within each treatment type. 
 
 
 

Seed movement by invertebrates and vertebrates on drill pads 

 

In summary, ants were the main invertebrate observed removing seeds from the cafeterias 
and this interaction occurred in all sites tested (control/reference and drill pads) and all eight 
plant species tested. The overall removal of seed in general was 17-23% and was not 
different among sites (Figure 14), but there was variation in the rate of removal among 
specific species and specific species in particular sites (Figure 15). For example, A. 
anthochaera had higher rates of removal in the drill pads than the control site, D. 
inaequifolia was preferentially removed in older drill pads whilst E. leptopoda had higher 
rates of removal in the younger drill pads. This indicated that the ant community 
surrounding the drill pads could selective remove some seed at higher rates than others, 
which may have been due to the composition of the ant community and its foraging 
preferences. 
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Figure 14. The total average percentage of seed removed from cafeterias in general, within 
three sites: 1) Control or reference sites; 2) Older drill pads; and 3) Younger drill pads. 
 
 

 
Figure 15. The average percentage of seed removed from cafeterias for each of the eight 
species tested, within three different sites: 1) Control or reference sites; 2) Older drill pads; 
and 3) Younger drill pads. 
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Summary 

 

In summary, the average species richness of restored drill pads was lower than the reference 

system but meet the 70% target for species restored (Table x). Industry standard restored 

drill pads that were nine years post-restoration and best practice restoration of young drill 

pads (~1 year) were meeting target species richness of the surrounding reference 

vegetation. However, follow-up monitoring (5-10 years) of the young drill pads would have 

to be done to ensure that shrub and tree density more closely matches the reference system 

as it matures. 

 

Table 14: Number of native plants and species within nine year old industry standard 
restored drill pads (n=6, 12m x 12m plots), best practice restoration drill pads (n=3, 10m x 
13m) at Blue Hills compared to species in adjacent reference systems (n=6, 12m x 12m 
plots). 
 
Site  Species richness/plot  

 
Species richness/plot  
(native perennials only) 
 

Density /m2 
(shrubs + trees) 

Drill pad 
reference system 

24.2 ± 2.4 9.3 ± 1.4 0.41 ± 0.04 

Standard drill pad 
restoration 

23.2 ± 2.3 8.3 ± 1.5 0.48 ± 0.13 

Restored drill 
pads 

29.7 ± 0.9 8.0 ± 1.0 3.47 ± 1.3 
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Recommendations 

 
Vegetation restoration 

 If appropriate protocols followed for topsoil harvest, handling and storage, then 

these areas are likely to meet completion criteria (i.e. 70% return) nine years post-

restoration 

 

Topsoil 

 Decline in species richness over time in stored topsoil 

 Poor timing of topsoil removal or storage reduces the soil seedbank in the topsoil 

 

Seeding 

 Seed pre-treatments increased emergence rates 

 Seeding increased the number of species emerging from the topsoil 

 No evidence of gypsum application delaying the formation of soil crusting in this 

study 

 Sowing in freshly spread topsoil (i.e. raked soil) increased emergence of seedlings 

 Sowing seed so they are partly buried (re-raking to <2cm) increased emergence of 

seedlings. If seeding in future restoration areas, recommend using an air-seeder. 

 Ants are capable of removing a certain percentage (17-23%) of seed sown from eight 

tested species from the soil surface. This will impact the final rates of seedling 

emergence for species. Recommend testing this impact in restoration that would be 

larger in size than a standard drill pad clearance area. 

 Rates of removal by ants can vary across species, mostly likely due to the specific ant 

species foraging for them. 

 
Tubestock 

 Exclusion of vertebrate herbivores increased survival and growth of tubestock 

 Further assessment of the effect of watering in tubestock on their survival is 

required, particularly as water is generally less available than that of year of these 

experiments. 
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Plant ecophysiological measurements 
 

Ecophysiological measurements were carried out between September 2015 and May 2016 

to assess the performance of seedlings on restored mine sites in comparison with mature 

plants in undisturbed reference communities. The goal was to understand whether or not 

the vegetation on restoration sites performs physiologically similarly (or better) to 

vegetation in undisturbed sites and hence is following a trajectory towards successful 

restoration. The ecophysiological measurements include the assessment of plant carbon and 

water relations, which helps understand (1) how plants function under favourable and 

adverse conditions, (2) what stress levels plants experience, and (3) how environmental 

factors impact on plant function and survival. 

  

The ecophysiological measurements were conducted on three restored sites at Koolanooka 

as well as on two reference sites at Koolanooka and one reference site at Blue Hills. The 

vegetation on the reference sites represents natural communities growing on banded-

ironstone formations (BIF) and mostly consists of mature plants, while the plants on the 

restored sites are c. three year-old seedlings. Several common woody species that occur on 

reference and restored sites and are characteristic for the BIF communities were selected for 

this study. Ecophysiological measurements include predawn and midday water potentials to 

determine the plants’ water status and gas-exchange to assess plant function. The 

measurements commenced in September 2015 and were repeated approximately every 

second month to assess plant responses to environmental conditions and understand how 

seasonal trends impact on plant function. Measurements were concluded in May 2016, after 

several rainfall events had replenished the system and plants had recovered from the dry 

conditions. 

 

Plant physiological performance measurements show that plants gradually reduced their 

water use and rates of photosynthesis since the first measurements were taken in spring 

(i.e. September). On the reference sites, plants reached very low rates of photosynthesis or 

ceased to photosynthesise in December. Overall, seedlings on the rehabilitated mine sites 

had a better water status than plants on the reference sites but rates of photosynthesis 

were still relatively low, presumably to conserve water. Predawn water potential 

measurements in December seemed to indicate that most plant species in the reference 

communities experience extremely dry soil conditions. After substantial rainfall events in 

late December and January, plants on rehabilitated sites had recovered from the dry 

conditions and displayed high rates of photosynthesis in February. On the reference sites, 

the water status of plants had recovered to some extent but the plants remained mostly 

inactive. 

 

Overall, plants on reference sites reached higher levels of drought stress in summer than 

plants on rehabilitated mine sites. We believe that this is not only a result of reduced 
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competition for water, as the vegetation density is lower in rehabilitated sites, but also a 

consequence of the soil conditions in the waste rock dumps. Electrical tomography resistivity 

measurements revealed that soils are very heterogenic in both, reference and rehabilitated 

site, and that most of the root water uptake seems to occur in the top 2-6m. In the waste 

rock dumps, the rock material is heavily fractured which may facilitate water infiltration into 

the soil and enhance root growth deeper into the soil profile. This could contribute to the 

improved water status of plants on rehabilitated sites. 
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Field trips 
Field trips completed indicating dates, number of days and people, location and activities 

undertaken. 

 

Date  

 

Number 

of days 

Number 

of 

people 

Location Activities 

30 March - 
1 April 

3 2 Blue Hills Select drill pads (x3) 
Prepare drill pads 
Monitor 2015 seeding trial 
Collect seed burial bags (2015) 

26 - 29 
April 

4 5 Blue Hills Fence drill pads 
Sow seeding trial on drill pads 
Conduct ant seed dispersal trial 
Take penetrometer readings of drill 
pads 
Monitor 2015 seeding trial 

May 5 2 Koolanooka 
and Blue Hills 

Ecophysiology measurements on 
Hakea 

6 – 10 June 4 5 Blue Hills Complete fencing of drill pads 
Plant tubestock on drill pads 
Monitor germinants from April 
Monitor 2015 seeding trial 

18 - 22 July         5 3 Koolanooka Count and ID seedlings for x4 trials  
Monitor tubestock survival and growth 
Collect soil logger data (x15) 

29 Aug –  
2 Dec 

5 3 Blue Hills and 
Koolanooka 

Monitor seeding trial (drill pads) 
Monitor tubestock trial (drill pads) 
Conduct vegetation surveys (drill pads) 
Monitor 2015 seeding trials 
Count and ID seedlings for remaining 
trial 

20-24 Jan 5 2 Blue Hills and 
Koolanooka 

Monitor seeding trial (drill pads) 
Monitor tubestock trial (drill pads) 
Monitor tubestock survival and growth 

Collect soil logger data (x15) 
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Project promotion 
 

Jason Stevens and Peter Golos attended a mine site visit to SMC (28th November 2016) and 

communicated the research completed on site to SMC staff, the Board of the EPA and DPaW 

representatives. 

 

Publications 
 

Published 
 

 The Sinosteel Midwest Corporation Practitioner Restoration Manual has been 
completed (2017). 

 Jiménez-Alfaro B, Silveira FAO, Fidelis A, Poschlod P, Commander LE (2016) Seed 

germination traits can contribute better to plant community ecology. Journal of 

Vegetation Science. 

 

In Review or Accepted 

 

 Merino-Martín et al, Interactions between seed functional traits and burial depth 

regulate germination and seedling emergence under water stress in species from 

semiarid environments 

 Merino-Martín et al, Alternatives to the topsoil shortage problem of mining 

restoration: designing growth medium based on hydrological principles to improve 

seedling emergence.  

 

Advanced draft or in preparation 

 

 Boys et al, Seed priming improves germination of semiarid species from a Western 

Australian threatened ecological community. 

 Golos et al, Topsoil harvesting and storage effects on the seed bank and soil 

physical/chemical properties in a semi-arid environment. 

 Golos et al, Winter rainfall deficit severely reduces seedling emergence from seed 

sown for vegetation restoration in a drying, semi-arid environment. 

 Jakob et al, Are juvenile plants on rehabilitated mine sites as resilient to dry 

conditions as mature plants on reference sites? 

 Commander et al, Demographic, seed and microsite limitations to seedling 

recruitment in mining restoration. 
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Recommendations for record keeping, monitoring program and reporting 

against the ministerial condition 
 

 

Record keeping of restoration activities 

Keeping detailed records of restoration activities can ensure the retention of knowledge 

within the company and assist with adaptive management (such as adjusting the seeding 

rate, changing the type of ripping).   In addition, these records may help to identify 

differences in monitoring outcomes between sites. Individual records should be kept for 

each restoration area, i.e. each area with unique site characteristics and restoration history. 

Firstly, a map should be drawn up and each area that has a unique restoration history should 

marked on the map and be given a code.  Then, a restoration record, should be completed 

(BGPA report, 2016).  The map and records should be provided to the consultants who 

monitor the restoration.  

 

 

Monitoring program and reporting against the ministerial condition 

The monitoring program (Maia, 2014) has indicated that the areas that have been 

rehabilitated are not yet meeting their species richness targets, as per the Ministerial 

Conditions. Hence, infill planting may be required to increase species richness to meet the 

target.  Given that no trees were found in the rehabilitated sites, tree species could 

propagated and planted as tubestock in 2016.  Dominant tree species include Allocasuarina 

acutivalvis, Allocasuarina dielsiana, Eucalyptus ebbanoensis and Eucalyptus loxophleba 

subsp. loxophleba.  Seeds of these tree species do not require pre-treatment prior to 

germination and hence should be relatively easy to propagate from seed under nursery 

conditions.   

 

In the monitoring report, it would be useful to have a table with the completion criteria, and 

the progress of each domain against the criteria to clearly highlight further opportunities for 

adaptive management. An example of such a table is shown in the Practitioner Restoration 

Manual. 

 

It would also be useful to indicate which native species occurred in each domain, the co-

occurring species between the domain and the reference communities.  In addition, it would 

be useful to indicate the average number of species per 20 x 20m plot in the reference, and 

the average number of co-occurring species per 20 x 20m plot in the rehabilitated sites so 

that they can be compared. Hence, we could determine which species are very common in 

the reference sites, but absent from the rehabilitated sites, as these may be required for 

tubestock production. 

 



 Sinosteel Midwest Corporation Limited 
 Koolanooka/Blue Hills DSO Mining Project 

 Performance Review Report 2020 
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1 SUMMARY 

Sinosteel Midwest Corporation (SMC) is an industry partner of the ARC Industrial Transformation Training Centre for Mine 

Site Restoration (CMSR) which will deliver a suite of integrated and focused research projects underpinning successful 

mining restoration outcomes. A new model of workplace integrated researcher training is anticipated to deliver restoration-

industry-ready professionals focused on the needs of the mining restoration industry, to enhance the capacity of the 

industry to deliver improved financial, social and environmental outcomes. Scale and context are key drivers of research 

priorities for restoration. Thus there is a clear need to develop proven, cost-effective, and scalable restoration solutions. 

These restoration needs form the foundation of the CMSR. The CMSR is structured as five thematic research areas 

(restoration genetics, seed technology and enablement, rare species management, restoration ecophysiology and mining 

industry policy extension) to create a multi-disciplinary, integrated training Centre that complements the proponents’ 

substantial existing capacity in restoration research. The CMSR project commenced on the 28 June 2016. 

A Schedule 4 Project Agreement between the CMSR and SMC was signed and returned to Curtin on the 29 November 2017. 

Schedule 4 outlines the research to be undertaken that is directed towards SMC specific project deliverables. As such, the 

first annual report provided to SMC by the CMSR in 2018 reflected schedule 4 research to be conducted.  

This Annual Report 2019 has been developed to provide a Theme-specific summary of works in progress within the CMSR 

research program, with a focus on practical application. This report highlights work completed to date, work proposed and 

outcomes expected from other projects that align with SMC deliverables, as of the end of June 2019 (the fourth year of the 

project). The data and interpretations contained within this report are preliminary in nature, and may require further 

investigation or analysis prior to finalisation.  

Quarterly and additional ad-hoc meetings with SMC were held on the following dates between November 2017 and June 

2018. Meetings were held at SMC offices in West Perth. 

 22 June 2018 

 14 October 2018 

 29 March 2019 

 7 July 2019 

2 SUMMARY OF CMSR PERSONNEL WORKING ON SMC RELEVANT RESEARCH PROJECTS 

From the period of July 2018 to June 2019 there were six PhD students and one Masters student directly involved with the 

SMC research program, supported by three senior researchers and over a dozen collaborating and supervising researchers 

based at Curtin University, Kings Park and Botanic Garden (seed dormancy, seed resilience and longevity in storage, and 

germination biology), the University of Western Australia (eco-hydrology and rhizosphere biology), and the University of 

Queensland (post-mining restoration substrate characterization and its impact on community assemblage and species 

tolerances).  

RESEARCHERS 

Dr Adam Cross (Postdoctoral Researcher):  Seed dormancy and germination ecology of keystone Midwest 

species, delineation of appropriate vegetation communities for 

rehabilitation areas, edaphic constraints to plant establishment in 

restoration substrates, monitoring of restoration trajectory. 

Supervising MJ, KB, SR, CL and CS. 
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Dr Paul Nevill (Postdoctoral Researcher):  Genetic considerations in ecological restoration, seed sourcing 

and provenance, high throughput biomonitoring for restoration 

trajectory assessment. Supervising SW, MVH, EL and CS. 

Dr Sean Tomlinson (Postdoctoral Researcher):  Ecological niche modelling of range-restricted and rare taxa, 

monitoring of restoration trajectory, seed longevity and resilience 

in storage. Supervising SR and HP. 

STUDENTS 

Michael Just (PhD):  Community-based analysis of seed dormancy and germination traits in the flora of the 

Western Australian Midwest region  

Khiraj Bhalsing (PhD):  Techniques and methodological approaches to translate seed pelleting and coating 

technologies from the agricultural sector to application for native seeds  

Sheree Walters (PhD):  Adaptive and phylogeographic variation in sympatric parasitic and non-parasitic species  

Mieke van der Heyde (PhD):   Assessing the use of metabarcoding to monitor mine site restoration trajectory 

Christine Lison (MSc): Optimising the use of waste rock in restoration soil cover systems 

Subhashi Rajapakshe (PhD): Investigation of the impact of thermal variation and drought stress on seed germination 

to identify ecological drivers of rarity and endemism 

Harrison Palmer (PhD): Investigation of the metabolic processes and limits of seed longevity 

3 PROJECT DELIVERABLES PER RESEARCH THEME 

3.1 Restoration Genetics 

CMSR Staff Member Responsible: Dr Paul Nevill 

3.1.1 Objectives 

The three core objectives of the Genetics node are: 

1) Genetic provenance delineation and ecological landscape contour maps for restoration priority species 

2) Development of an eDNA ‘toolkit’ for restoration monitoring using a metabarcoding approach 

3) Assessment of microbial functional capacity in novel substrate mixes and stored topsoil with/without 

bioinnoculants 

3.1.2 Work completed 

Finalisation of all field work associated with the two PhD projects (provenance delineation and eDNA metabarcoding for 

monitoring) that are now focused on producing and analysing data. It is expected that data collection will be completed 

for both PhD students by the end of 2019 or soon thereafter. 

Genetic provenance delineation continues and will be completed for two restoration priority species in 2019. Work on 

developing ecological landscape contour maps for the first two species will be near completion by the end of 202 and 

provides important methodological development for subsequent similar studies. With the completion of testing and 

optimisation of eDNA metabarcoding for restoration monitoring in 2018, 2019 will see the finalisation of data collection 

and all analyses. We will continue controlled glasshouse experimental screenings for seed emergence, survival and 

microbial colonisation, in substrates amended with novel biologically active biomineral fertilisers. We have taken findings 

from previous studies to the field and have set up experiments in the Midwest that will yield data in 2019.  
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A project focusing on the indirect effects of mining infrastructure (dust, noise, vibration, light and fragmentation) 

commenced in 2018 and is underway. Whilst not directly captured in CMSR KPIs due to the late start of the student, the 

outcomes of the project will contribute to our understanding of the use of eDNA in restoration monitoring. 

Two Honours projects conducted at the SMC Koolanooka site were completed in 2018: 

Natural regeneration of native vegetation on drill pads 

Enigmatic impacts are difficult to detect in environmental assessment protocols and often left to restore passively, 

without mitigative action. Exploration infrastructure is a common disturbance throughout BIFs in the Midwest and their 

ability to passively restore following these disturbances is unknown. To measure the response of BIFs to the enigmatic 

impacts of mining, we characterized floristic communities at 21 drill pads across three BIF ranges throughout the Midwest 

of Western Australia; Karara, Mount Gibson and Koolanooka. Species, cover abundance and environmental variables were 

measured in each plot. ANOVAs, Permanova’s and canonical analysis of principal coordinate (CAP) ordinations were used 

to determine whether variation existed between drill pads, edge plots and reference plots. Analysis was conducted on 

the overall dataset and on individual BIFs. Species diversity and floristic composition of drill pads was different to that of 

edge and reference plots. FCAP ordinations found that floristic edge effect occurred in combined analysis, and at the 

Karara and Koolanooka. Environmental variables characterising drill pads include greater bare ground cover, lower 

vegetation height, shallower soil depths and less coarse woody debris than in edge and referenced plots. Changed floristic 

and structural environment of BIFs on drill pads suggests that passive restoration is not successful in this environment. 

We suggest enigmatic impacts of exploration should be considered, and more action taken to ensure drill pads are actively 

restored. 
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High-throughput eDNA monitoring of fungi and bacteria to track functional recovery in ecological restoration 

Samples were taken from across a restoration chronosequence and reference sites. Preliminary data analysis has found 

differences between sites for soil fungal and bacterial communities as well as soil chemistry. Prior to providing SMC with 

management recommendations further data analysis is needed to confirm the findings. 

3.1.3 Work proposed 

Projects on SMC site have now concluded. At other sites a study will be conducted integrating camera traps and eDNA to 

monitor tree and log hollow refuges for fauna. Recent advances in DNA technologies provide an opportunity to determine 

fauna presence and distribution through the use of environmental DNA (eDNA).  eDNA is nuclear or mitochondrial DNA 
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that is released from an organism into the environment, and may include shed exoskeletons or faeces. It is a technique 

that it is increasingly employed in terrestrial environments. The aim of this proposed research study is to determine the 

potential of eDNA to detect vertebrate fauna, which will lead to better restoration monitoring and pre disturbance 

surveys. Key outcomes will include information on what fauna use hollows, how does hollow use vary depending on 

hollow parameters, and does data from eDNA survey reflect data from camera trap surveys. This study has only just begun 

and completion is expected by the end of 2020. 

3.1.4 Work from other projects aligning with SMC 

Soil ‘health’ screening for improved restoration outcomes in the mining sector 

Topsoil is a valuable resource in restoration, as it is high in organic matter and nutrients and contains plant propagules 

and soil microbes. Direct return of harvested topsoil to a donor restoration site is not always possible, and so topsoil is 

often stockpiled. A variety of factors, including the size and depth of topsoil stockpiles, duration of storage, soil type, 

climate, and method of storage affect the quality and functionality of the topsoil when it is eventually used in restoration. 

Soil functionality needs to be taken into consideration when restoring mine sites, and so it is critical to reinstate a healthy 

microbial community post-disruption in order to achieve success in restoration programs. However, soil functionality in 

restored soils has been found to be non-comparable to that of undisturbed native soils. To ensure continual improvements 

in existing rehabilitation practice, scientifically-driven soil functionality assessment is needed to understand and manage 

constraints imposed by inefficient topsoil storage. We are using a combination of molecular, chemical and microbial 

activity assays in order to determine the ‘health’ status of a soil. This will improve management of a precious resource 

and restoration outcomes. Findings and management implications are expected by the end of 2019. 

Beyond isolation by distance: what best explains functional connectivity among populations of three sympatric plant 

species in an ancient terrestrial island system? 

Understanding how landscape features affect gene flow is critical to connectivity conservation and restoration 

management. Here, we examined the relationship between functional connectivity (gene flow) and structural connectivity 

(area and spatial configuration of habitats) in three co-occurring short-range plant taxa in an ancient terrestrial island 

system at the Helena and Aurora Range. We analysed spatial patterns of genetic differentiation at nuclear microsatellite 

loci using Bayesian clustering. Circuit theory modelling was used to generate all possible pathways that connect 

populations as resistance distance matrices based on two surfaces for each taxon. The first surface assumes a flat terrain 

and tests whether genetic similarity declines only with distance – isolation by distance (IBD). The second surface is habitat 

suitability based on species distribution modelling (SDM), which tests whether genetic similarity is a function of connected 

and suitable habitat. Multiple matrix regression with randomisation was used to test the significance of the resistance 

distance matrices at predicting two metrics of genetic differentiation (FST and DEST). Variance explained was partitioned 

using redundancy analysis. Genetic structure for the insect-pollinated taxa - Acacia adinophylla, and Tetratheca aphylla 

subsp. aphylla was at similar spatial scales. Unexpectedly, a higher level of genetic structure was found in the wind-

pollinated Lepidosperma bungalbin. IBD best explained the gene flow of A. adinophylla (R2 = 0.41-0.43) with partial 

support provided by habitat suitability (R2 = 0.04-0.07). In contrast, connectivity by habitat suitability was highest for T. 

aphylla subsp. aphylla (R2 = 0.56-0.59). Drivers of L. bungalbin connectivity were inconsistent between the two measures 

of genetic differentiation. Gene flow is facilitated by different factors for the three taxa. Habitat fragmentation would 

most strongly impede gene flow for T. aphylla subsp. aphylla. Geographic distance cannot be assumed as the sole or best 

determinant of gene flow among populations, nor can findings be generalised to coexisting taxa. Our findings also 

highlight that direct studies of both pollen and seed dispersal, should be undertaken to inform conservation planning. 

Findings from this study could also be used to guide restoration planning and monitoring. For example, the estimates of 

historical gene flow could be set as baselines and targets for connectivity following restoration. 
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Figure 2. Gene flow potential across the Helena and Aurora Ranges using circuit theory. Relationships between genetic 

differentiation and its most explanatory variable are paired with maps of connectivity between populations. These were 

isolation by distance for A. adinophylla (a, b); and habitat suitability for Tetratheca aphylla subsp. aphylla (c, d). The most 

explanatory variable for Lepidosperma bungalbin was inconclusive. We have chosen to show isolation by distance (e, f) as 

it is the most visually intuitive. Sampled population centroids are shown as white filled triangles. Pie charts show the 

proportion of membership values from STRUCTURE analysis for each population.  Colours in pie charts indicate the mean 

proportion of assignment to clusters for all individuals within a population, where optimal number of clusters was defined 

by the Evanno et al (2005) method.  
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3.2 Seed technology and restoration monitoring 

CMSR Staff Member Responsible: Dr Adam Cross 

3.2.1 Objectives 

A primary objective of this theme is to characterise how seed characteristics (e.g., seed dormancy type, seed germination 

requirements, seed morphology and nutritional content) influence species-specific responses to the key attributes of post-

mining substrates (e.g., chemical, physical and hydrological characteristics), as input for optimising rehabilitation 

techniques and improving vegetation establishment outcomes. 

Secondary objectives include i) enhancing understanding of the seed dormancy type and germination requirements of 

restoration-significant species and flora groups in Western Australia, towards improving the efficacy of returning these 

species to post-mining landscapes; and ii) exploring options for more accurate and reliable monitoring of seeds and 

seedling communities in post-mining rehabilitation and restoration scenarios. 

3.2.2 Work completed 

Studies to date have focused predominantly on the classification of seed dormancy for restoration-significant species and 

plant groups in the Midwest region, and this has now been characterised for most species. Additional studies followed 

looking to examine the requirements for dormancy alleviation and the cues required for germination success, and 

dormancy break methods are understood for ca. 100 species. Further experimentation to increase this number is ongoing, 

being undertaken through the work of PDR Cross and PhDs Palmer, Just and Rajapakshe. The recalcitrant species in 

particular will be a major focus of PhD Just. 

Significant research and development has gone into the development of seed pelleting and coating protocols for native 

seeds, through the work of PhDs Pedrini and Bhalsing. A standardised protocol has been developed and published, tested 

for ten small-seeded native plant species, and work is now continuing to expand this application to a wider range of 

species.  

Figure 3.1: Seed coating ingredients, equipment and coat type. (A) Seed coating ingredients (B) seed coating mechanism. The orange arrows on the 
equipment represent the motion of the moving components; the equipment parts and arrows coloured in blue illustrate the method of delivery of 
the liquid binding agent; and the gold arrows show where the fillers/powders are applied. Active ingredients can be added either mixed with the 
liquid, with the powder, or independently.  The blue arrows indicate which coatings can be achieved from each of the equipment types. The weight 
of these blue arrows represents the effectiveness of any particular machine for producing the various types of coatings. From Simone Pedrini’s PhD 
thesis.  



Pg.11

3.2.3 Work proposed 

Ongoing and future studies are primarily focusing on greater delineation of the germination requirements of species with 

challenging or unknown germination requirements (e.g., species of Rutaceae studied by PhD Just), and on the refinement 

of seed coating and pelleting techniques not only to expand their applicability to a wider range of species but also to being 

testing the capacity for including biologicals and other germination-promoting substances into seed coats.  

3.2.4 Work from other projects aligning with SMC 

CMSR personnel participated in a major precision seeding experimental sowing on a mining offset at Boddington, WA, 

undertaken in collaboration with Greening Western Australia. This trial examined the potential for precision seeding 

undertaken using encrusted and pelleted native grass seeds to assess benefits of coating on seedling emergence and 

survival. 

HDR candidate Palmer has begun measuring the metabolic correlates of seed aging in 10 species for which dormancy 

patterns are understood and readily alleviated. Much of his research effort to date has focused on resolving constraints 

on the measurement of germinating seeds (see below). He has now undertaken to age seeds of Acacia bivenosa, Acacia 

colei var. colei, Acacia hiliana, Acacia ptychophylla, Acacia tumida, Senna artemisioides subsp. oligophylla, Senna notabilis, 

Eucalyptus ornata, Eucalyptus salmonophylla and Eucalyptus salubris. The advantage of the Q2 technology is the speed 

at which it can accumulate data once an appropriate protocol is established. 

Additionally, as noted below, the work of PhD Rajapakshe will significantly increase our understanding of the 

hydrothermal niche required for rare and range-restricted species, including taxa of restoration significance to SMC.  

3.3 Rare species 

CMSR Staff Member Responsible: Dr Sean Tomlinson 

3.3.1 Objectives 

The Rare species node of the Centre for Mine Site Restoration focuses on characterising the edaphic factors that restrict 

short range endemic flora species to their very small distributions. This is being pursued through two complimentary 

approaches: 

1) species distribution modelling to identify microhabitat characteristics of known populations, and to estimate the critical

climatic elements that these generate; and

2) quantification of critical constraints in horticultural propagation of these species, largely from seed, to identify species-

specific tolerance limits that constrain their capability in the field

The value in doing this is not only that it provides the capacity to select sites for appropriate translocation or 

reintroduction of these taxa, but it also potentially provides insights into how to better re-engineer substrates and 

microhabitats to support populations of range-restricted flora. The two-pronged approach that we have selected is 

essential because the correlative approaches are generally relatively rapid, as long as computation resources are available 

to interrogate the high resolution data layers required for site-specific outcomes. These first-pass correlations provide 

insights into what physical conditions may be important for each species. These can then be used to design experimental 

approaches to understand the mechanisms associated with these constraints, and how to mediate them. 

3.3.2 Work completed 

No further work has been completed specific to SMC in the 2018-2019 year. Ongoing work has been the research by 

Subhashi Rajapakshe in understanding the germination requirements of a number of Acacia species in the Mid-West, 

including two range-restricted species A. woodmaniorum and A. karina. 
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3.3.3 Work proposed 

The Acacia work will be completed, and may potentially be used to parameterise a spatially-explicit model of likely 

germination microhabitats on the SMC Mungada ridge leases. The scientific value of such a parochial study is, however, 

dubious and the outcome at such a localised scale is unlikely to be much more insightful that the correlative distribution 

model for this species that was provided during 2017-2018 

SMC leases are likely to be captured in a more scientifically valid regional comparison of habitat suitability and 

reintroduction success that is planned for later in the 2019-2020 year. The timing on this remains uncertain because 

computing resources are limiting, and these are currently devoted to other projects (see below) 

3.3.4 Work from other projects aligning with SMC 

A novel approach to high resolution distribution modelling of a short-range endemic flora: a case study of applied 

biogeography in Western Australia. 

This research developed the first iteration of the high resolution species distribution modelling workflow for range-

restricted flora, using Ricinocarpos brevis as a model species. It articulates the selection of appropriate environmental 

layers at 1 arc-second (approx. 25 m2) resolution to identify suitable micro habitats for range-restricted flora without the 

need to generate high resolution climate layers. This makes the tool useful to a diverse range of end users, from 

environmental consultants to non-profit entities because high-resolution guidelines can be generated without the need 

for specialized computing facilities. This is the tool that was used for the production of the Acacia woodmaniorum SDM 

in the 2017-2018 year. 

Microclimatic convergence in a guild of endangered, short range endemic plants: The role of conspecifics in flora 

translocations 

This research is currently monopolizing the computing resources available to the CMSR for species distribution work. 

Using five species of Tetratheca, we are extending the modelling approach outlined above and interrogating the 

differences in constructing high-resolution distribution models with and without high resolution microclimatic models. 

This is essential, both in validating that the models produced without climate are equally as accurate as the current 

standard that is dependent upon calculating microclimate. The value in studying Tetratheca spp is that each species is 

endemic to its own BIF ridge, and this allows us to identify potential problems for translocations when multiple closely-

related species all occupy similar niches and similar ecological space. 

Hydrothermal germination as a distribution-limiting trait: A process oriented approach to understanding rarity and short-

range endemism in plants.   

This study is the first to quantify a mechanistically-oriented approach to hydrothermal germination niches that allows 

both high-resolution predictions of recruitment success in the field, but also identifies critical tolerance thresholds for the 

propagation of horticultural stock from seed, and the re-engineering of suitable reintroduction landscapes. We are 

focusing our efforts on three species for which we have developed good germination data: Ricinocarpos brevis, Androcalva 

pearlaria and Banksia arboria. Two of these species are BIF endemics, while the third is dependent upon low-lying 

damplands. The comparison of these three species is hoped to demonstrate the general applicability of this experimental 

process. This will also validate the statistical approaches to be used by Subhashi Rajapakshe in her studies of Acacia. 

3.4 Ecophysiology 

CMSR Staff Member Responsible: Update provided by Dr. Jason Stevens 

3.4.1 Objectives 

The overall objective of the ecophysiology node is to assess/understand plant function and plant condition, in order to 

support management decisions about how to design resilient restoration communities and substrates, as well as monitor 

restoration success. This objective is supported by five activities including: 
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1. Identification of resilient plant traits correlated with restoration success/failure.

2. Understanding how plant traits may adapt across substrates that facilitate plant resilience in reconstructed profiles.

3. Exploring soil hydrology methods and plant substrate water balance for natural and artificial substrates.

4. Defining plant ecophysiological parameters of plants that may assist in mine closure.

3.4.2 Work completed 

The following work although not conducted on SMC sites is directly applicable given it is research occurring on nearby BIF 

systems 

A. Identification of resilient plant traits correlated with restoration success/failure

Drought adaptation and how early exposure to moisture may alter subsequent resilience, is addressed by HDR Sullivan. 

From January 2018 seedlings planted into a Waste Rock Dump at Karara were exposed to either 30 mm once per month 

(the daily 90th percentile during the summer months), 7.5 mm once per week (repeat applications to total 30 mm once 

per month) or ambient (control) conditions. Seedling survival and growth is being recorded two weeks, one month, three 

months, six months, nine months, twelve months, fifteen months and eighteen months after planting. Likewise plant 

physiological traits have also been measured at regular intervals. 

B. Understanding how plant traits may adapt across substrates that facilitate plant resilience in reconstructed

profiles.

 HDR Sullivan is investigating plant traits in selected mid-west species that exhibit varying levels of plasticity and these 

species are undergoing evaluation under controlled glasshouse conditions at UWA and field trials at KML. The plasticity 

of seedlings of these selected species is currently being tested through various drought/irrigation regimes, and 

germination of the species is tested at a range of temperatures and levels of drought stress. 

C. Exploring soil hydrology methods and plant substrate water balance for natural and artificial substrates

HDR Lison is evaluating the effects of rock/soil proportions in restoration mediums. The purpose of this study is to optimise 

the use of topsoil in restoration. This will be achieved through identifying the point at which increase in waste rock fraction 

becomes a limiting factor to plant establishment. Waste rock will be sourced from a mine site in the mid-west of Western 

Australia and incorporated into topsoil cover mixes at percentages of 25%, 50%, 75% and 88%. Preliminary analysis of the 

results shows that adding small volumes of waste rock (e.g. up to 25%) to the topsoil cover mix improved water retention 

without compromising growth; 

HDR Sullivan is also undertaking novel Electrical Resistivity Tomography (ERT) measurements in glasshouse experiments. 

This methodology allows the exploration of variations of soil water content and subsequent availability to plants in space 

and time with low disturbance and with great precision. This work is being linked to previous studies by Kings Park 

examining water dynamics at SMC rehabilitation sites. 

3.4.3 Work proposed 

There are opportunities with the recently appointed ecophysiology post-doc to follow up on work initiated by HDR Sullivan 

that is directly relevant to SMC. The scope of works will be defined in the coming month to address KPI’s in the CMSR 

project proposal. 

3.4.4 Work from other projects aligning with SMC 

Identification of resilient plant traits correlated with restoration success/failure 

Resilient ecophysiological traits are also being investigated along the Swan Coastal Plain (HDRs Mirfakhraei, Ruscalleda), 

and the Geraldton Sandplains (HDR Mirfakhraei) regions of Western Australia. HDR Mirfakhraei is investigating seed 

sourcing for restoration under changing environmental conditions. This project will allow us to understand if seed 

provenance is linked to traits enabling better plant establishment in rehabilitation systems. 
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Plant health derived from remote-sensed data along with real changes in plant physiology are being measured by HDR 

Ruscalleda. This will enable us to understand if ecophysiological traits are linked to plant survival and growth across a 

suite of Banksia woodland species. 

Understanding how plant traits may adapt across substrates that facilitate plant resilience in reconstructed profiles. 

Research by PDR Cross (publication under review) indicates that a lack of plant phenotypic plasticity to the extreme 

edaphic conditions (tailings) of altered substrates may represent primary constraints to the establishment of diverse 

native plant communities on these substrates. Specifically, calcicole (alkaline-adapted) and soil-indifferent species were 

more likely to successfully establish on alkaline Post-mining substrates than calcifuge (acidic-adapted) species, which may 

lead to selection against species adapted to acidic soils in old, highly weathered landscapes. Additionally, macro- and 

micronutrient limitation on post-mining substrates most significantly constrains typical fast-growing species and species 

those reliant upon mycorrhizal associations, indicating that large components of native biodiversity may be selected 

against. 

Defining plant ecophysiological parameters of plants that may assist in mine closure 

On the Swan Coastal Plain, HDR Ruscalleda is measuring key physiological traits for several species throughout the 

seasons, using traditional equipment as well near-remote sensing. Aims are to identify early-warning signs for poor health 

or mortality, and to evaluate faster and cheaper sensors as alternatives to established time-consuming techniques. 
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1 PURPOSE AND SCOPE 

This Land Rehabilitation Procedure has been prepared to outline the methodology to conduct land 
rehabilitation for cleared and disturbed land on Sinosteel Midwest Corporation Limited (SMC) projects. 

This procedure does not include the specific exploration rehabilitation requirements which are detailed 
within the SMC Environmental Management Plan (Exploration) version 12 dated April 2019, or the 
specific rehabilitation requirements of the Exploration Drilling Mungada Blue Hills East Extension 
which is detailed within the SMC Mungada East Expansion Exploration Drilling Rehabilitation plan as 
required by Condition 6 of Ministerial Statement 1013.  

1.1 Objectives 

The objectives of this Land Rehabilitation Procedure are to guide SMC in the planning and 
implementation of land rehabilitation required for each project and aims to: 

• Ensure legal obligations in relation to land rehabilitation and the processes to ensure 
these obligations are met;  

• Detail how to plan and undertake earthworks for rehabilitation of land domains; 
• Ensure that cleared and disturbed landforms are reshaped and rehabilitated such 

that they are safe, stable, non-polluting and no permanent scarring results;  
• Develop management strategies to be implemented as part of the project’s operation 

to minimise impacts and site rehabilitation requirements; and 
• Demonstrate SMC’s rehabilitation strategies to stakeholders and the wider 

community. 

This procedure supports SMC Environmental Management Plans and associated Mine Closure plans 
and procedures. Compliance with this procedure and the requirements of the Environmental 
Management Plan is mandatory. 
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2 REHABILITATION OBLIGATIONS AND COMMITMENTS 

SMC is committed to best practice environmental performance and strives to ensure all mining and 
exploration activities are compliant with statutory requirements. SMC plans and implements its 
activities to ensure that adverse environmental effects are avoided where practicable and minimised 
through appropriate management. 

2.1 Statutory Requirements 

Rehabilitation of SMC disturbance is subject to requirements set out in approvals issued for each 
Project and general obligations contained in the following legislation: 

• Environmental Protection Act 1986 (EP Act); 
• Environment Protection and Biodiversity Conservation Act 1999 (Commonwealth); 
• Mining Act 1978; 
• Biodiversity Conservation Act 2016; 
• Conservation and Land Management Act 1984; and 
• Rights in Water and Irrigation Act 1914. 

2.2 Guidelines and Codes of Practice 

The following Guidelines and Codes of Practice were used in the preparation of this Rehabilitation 
Procedure: 

• Guidelines for Preparing Mine Closure Plans (DMP/EPA, 2015);  
• A Framework for Developing Mine-Site Completion Criteria in Western Australia 

(WABSI, 2019); and 
• Mine Closure: Leading Practice Sustainable Development Program for the Mining 

industry (DFAT, 2016). 

2.3 Roles and Responsibilities 

SMC has overall responsibility for the implementation of this Procedure. Contractors that undertake 
the works in accordance with this Procedure shall do so with guidance from SMC. All SMC and 
Contractor employees shall ensure compliance by implementing this Procedure. 
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3 IMPLEMENTATION AND OPERATIONS 

3.1 Planning 

Planning for land rehabilitation should start as early as possible and continue through to final closure 
and relinquishment as required by the mine closure plan. This requires the mine material 
characterisation, land design specifications, correct identification of land domains, and rehabilitation 
scheduling to be identified early in the mine planning stages for the successful execution of the 
rehabilitation earthwork process. Planning for rehabilitation is integral to ensure rehabilitation can be 
completed on-time, safely, efficiently and to an acceptable standard.  

 

 Timing & Scheduling  

Landforms shall be scheduled for rehabilitation when the area is no longer required for mining 
operations or infrastructure. The SMC Resident Manager and or Quarry Manager and Contractor 
project manager are responsible for coordinating works such that areas can be progressively 
rehabilitated. These areas include; 

• Redundant roads and cleared areas no longer required for the purposes of mining; 

• Completed segments of the Waste Rock Dump or other landforms; and 

• Direct return mining areas. 

Rehabilitation earthworks are to be scheduled around the seasons where practicable to ensure final 
surfaces are completed prior to the onset of seasonal rainfall in April. Seeding of areas prior to 
seasonal rainfall is important to maximise the success of biomass establishment.  

 

 Waste Rock Dump Design  

Mineralised Banded Iron Formation (BIF) waste rock or equivalent competent, non-eroding, inert 
waste rock is identified as the ideal material to construct external surfaces of the Waste Rock Dump 
(WRD) and as such should be planned to be available for this purpose. Final rehabilitated WRD 
disturbance footprints shall be designed to allow for heavy machinery access to topsoil and vegetation 
stockpiles present around the toe of the landform while also allowing access to stockpile these 
materials along the crest of the ≤17° batter. This buffer distance will vary according to the approval 
footprint, WRD design height, and tipping angle and must be considered for rehabilitation and closure 
purposes.  

Waste rock dumps should be constructed extending outwards from static peripherals where possible. 
This will allow the peripherals to be progressively rehabilitated prior to the cessation of mining. 

Final WRD and landform faces shall have external surfaces of rock armouring consisting of BIF waste 
rock or equivalent competent rock material. WRD external faces shall not have any converging 
features which can increase erosion from water runoff. 

 

 PAF Cell Design 

Potentially Acid-Forming (PAF) waste material shall also be characterised for quarantine within 
designated areas the WRD in accordance with the relevant project area PAF management plan, such 
as the SMC Blue Hills Iron Ore Mining Project Acid and Metalliferous Drainage Management Plan 
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(October 2019). PAF is classified as any waste rock material that has a total sulphur assay greater 
than 0.3%. PAF is typically quarantined within designated cells within the designed WRD or other 
approved location. Materials quarantined in PAF cells, must be contained on all sides by compacted 
impermeable Non-Acid Forming (NAF) waste (Figure 1). PAF material shall be covered progressively 
during mining activities with a dry cover NAF to minimise the influx of water and exposure to oxygen. 

 

Figure 1: Conceptual PAF Cell Design within a Waste Rock Dump 

 

3.2 Rehabilitation Process 

Different land use types generate specific rehabilitation constraints and require different management 
processes to achieve effective rehabilitation. These land use types are referred to as rehabilitation 
domains. Two overarching rehabilitation types are Waste Landform, and Surface Features. A 
summary of domains and its features are provided in Table 1 below. The rehabilitation earthworks 
requirements for each domain type is summarised in Table 2 below. All stages of the rehabilitation 
process shall be inspected and signed off using the SMC Land Rehabilitation Sign Off Form, Final 
area sign off shall also be completed by the SMC Quarry Manager and Contractor Manger/Supervisor. 

 

Table 1: Rehabilitation Domains 

Type Domain Description 
 
 
 
 
 

Waste Landforms 

Waste Rock Dump 
Slopes 

Slopes or batters of waste rock dumps. 

Waste Rock Dump 
Flat Surfaces 

Flat area or shallow gradient areas of Waste Rock Dumps 

PAF cells Designated quarantine cells for PAF materials with the 
Waste Rock Dump or approved area 

Backfilled Mine Pit Backfilled inactive mine pit void. 

Open Pit Mine pits including the abandonment bund. Areas within 
the abandonment bund and the zone of instability are not 
required to be rehabilitated and are classified as closed 
areas once the abandonment bund is in place in 
accordance with DMIRS requirements.  
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Surface Features 

Borrow pits, 
sumps, turkeys 
nests, 
excavations, etc.  

These domains are excavations and/or embankments 
that require blending to the natural surface to meet 
completion criteria. 
 

Workshops, 
offices, laydown 
areas, surface 
infrastructure, etc. 

Workshops, Offices, Laydown, and areas are generally 
flat working surfaces. 

Haul roads and 
tracks 

Includes all heavy and light vehicle roads constructed for 
operational requirements. Where these are constructed 
or elevated these will need to be blended to the natural 
surrounding surfaces. 

 

Table 2: Rehabilitation earthworks process matrix according to domain 

 

 

 Removal of Infrastructure and Waste 

Prior to undertaking any rehabilitation earthworks, all infrastructure and waste shall be removed from 
the area and correctly disposed of. This includes items that have been brought in to conduct project 
works, including but is not limited to: 

• Buildings, plant, workshops, concrete pads, and supporting infrastructure; 
• Surface water pipelines; 
• Plastic liners from turkey nests, generators, and hydrocarbon bunds; 
• Excavating and removing residual contaminated soil and conducting required soil analysis; 
• Fences, delineators, and signs; and 
• Any other general waste or litter. 

Once all waste and infrastructure removal has been completed the area shall be inspected and signed 
off prior to commencing further works. 

 

 

Domain Shape Topsoil & 
Rock Mix 

Apply 
Topsoil 

Contour/ 
Ripping 

Spread 
Vegetation Bunds 

Landform Slope ≤17° 
batter      

Landform Flat Inward 
draining      

Direct Return Pit  
Required if 

surface is not 
BIF Waste 

    

Roads 
Blend to 
natural 
surface 

     

Borrow Pit 
Blend to 
natural 
surface 

     

Hard Stand 
Blend to 
natural 
surface 

     

Roads 
Blend to 
natural 
surface 
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 Shaping of Landforms 

Waste landforms, voids, sumps, and turkey nests shall be backfilled and blended to the natural 
surrounding surface to ensure normal surface water flow over the area and prevent converging 
features. This aims to ensure the long-term stability of the landform, prevent erosion, and to reduce 
the long-term visual impact of the disturbance so the area is stable and comparable with the adjacent 
landscape. To achieve this the following steps must be followed: 

• Slopes faces shall be battered / shaped to ≤17°; 
• A qualified Surveyor shall install marker pegs to guide the ≤17° requirement prior to heavy 

machinery commencing the earthworks; 
• The final surface must be flat and free from converging flow features; 
• Material may need to be reshaped or removed altogether to imitate natural drainage and; 
• Upon completion of the shaping works the area must be surveyed to ensure ≤17° batter has 

been achieved. 

Once the earthworks have been completed and the survey data has been reviewed to ensure ≤17° 
batter has been achieved the area shall be inspected and signed off prior to commencing further 
works. 

 

Plate 1: Example of an Acceptably Shaped WRD Slope 

 
 

 Topsoil and Vegetation Stockpile Preparation and Application for Surface Features 

Topsoil and vegetation that has been stripped and stockpiled during clearing must be returned to all 
areas to be rehabilitated. When returning topsoil for rehabilitation the following steps must be followed: 

• Calculations must be conducted prior to the movement and placement of topsoil for each 
rehabilitation domains to ensure topsoil volumes do not exceed 100mm in thickness; 

• Even volume distribution is important to ensure topsoil can be applied to all surfaces at the 
required ≥100mm thickness, this equates to 1,000m3 of topsoil per hectare; 

• Stockpiled vegetation may be incorporated into topsoil and spread over surface domains only; 
and 
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• For waste landform domains, remaining vegetation stockpiles may be evenly dispersed along 
the crest and toe of the landform slopes, as far as practicable without traversing onto areas to 
be cross ripped. 

Upon completion of the topsoil and vegetation spreading the area shall be inspected and signed off 
prior to commencing further works. 

Plate 2: Example of Spread and Stockpiled Topsoil and Vegetation Upon a Surface Feature 

 

 BIF Waste Rock Preparation and Application for Waste Landforms 

Waste landform slopes require 200mm of competent BIF waste rock in addition to the required 100mm 
of topsoil to be allocated prior to push down over the battered slopes. BIF protects the topsoil layer 
from erosion impacts and aids in vegetation establishment. The following shall be undertaken in 
relation to BIF waste rock: 

• Calculations shall be conducted prior to the stockpiling of BIF waste rock along the crest of the 
landform slope to ensure volumes meet the minimum 200mm requirement, this equates to 
2,000m3 per hectare; 

• The BIF waste rock shall be non-acid forming and shall be stockpiled along the tipping edge 
in front of the topsoil, ready to be mixed as a 2-parts BIF waste to 1-part topsoil ratio upon 
pushdown over the batter slope (Figure 2); 

• Once the required volume of BIF waste rock and topsoil is in place along the crest of the batter 
the materials shall be pushed down over the batter to evenly cover the surface; 

• Should the battered WRD slope already have an acceptable 200mm covering of BIF waste 
rock material without large rocks or boulders on the outer face, or in instances where adequate 
BIF waste rock is unavailable, a partial or full exemption to the requirement for applying BIF 
waste rock may be granted. Exemptions can only be provided by the Senior Environmental 
Advisor.  

Upon completion of pushdown and spreading of BIF waste rock / topsoil mix the area shall be 
inspected and signed off prior to commencing further works. 
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Figure 2: Topsoil and BIF Waste Stockpile in relation to final WRD batter slope. 

 

 Ripping 

3.2.5.1 General Ripping  

All areas to be rehabilitated require the surface to be mechanically ripped to a depth of ≥300mm using 
a multi-tine ripper upon application of topsoil. This is done to reduce compaction, encourage infiltration, 
and promote vegetation establishment. Heavily compacted surface features such as haul roads, 
workshops, laydowns or material stockpiles shall be deep ripped by dozer to a depth of 0.5-1.0m to 
alleviate heavy compaction. Narrow light vehicle tracks may be ripped using a toothed excavator 
bucket or a grader with a multi tyne ripper. All ripping must avoid rip lines down slopes. 

3.2.5.2 Contour/Cross Ripping of Landforms 

Contour/cross ripping of landforms shall be conducted using a suitable dozer fitted with a multi-tine 
(3) ripper used to rip the slopes along contours. To aid in achieving this survey pegs or the use of GPS 
within the dozer may be required. The following shall be undertaken for cross ripping:  

• Sloped areas shall always be ripped along the contour to prevent flow divergence;   
• Final contour lines must be continuous, horizontal and perpendicular to the slope;   
• BIF waste should be ripped through and amalgamated with the topsoil during cross ripping, 

such that the final surface coverage of rock is ≥30% without large boulders present. To achieve 
this outcome a deep rip followed by a shallow rip may be required; 

• Completed rip line contours shall have furrows present approximately 300mm deep; and 
• The surface shall be free of any vertical track marks, and deviations from the contour. 

The operator is responsible for rectifying any flaws in contour lines such as gullies, vertical track marks, 
and deviations from the contour. Upon completion of the cross ripping the area shall be inspected and 
signed off prior to commencing further works.  

 Landform Perimeter and Cross Bunds 

Perimeter and cross bunds on constructed landforms are required to minimise erosion on the slope 
face. The bunds shall be constructed from competent waste rock materials. The following shall be 
undertaken for the installation of bunds on landforms: 

• Perimeter bunds 1-1.5m high shall be constructed along the crest of the perimeter of all 
constructed landforms and for each lift; 
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• The inner face 5m from the bund should be graded back towards the center of the WRD to 
prevent water pooling against the perimeter bund; and 

• Flat areas on the top of waste landforms should be compartmentalised into 1-3ha sections 
using internal bunds ≥0.5m in height.  

Upon completion of the bunds the area shall be inspected and signed off prior to commencing further 
works.  

 Abandonment Bunds 

Safety or pit abandonment bunds shall be constructed either during mining or at the completion of 
mining activities around the perimeter of the open pit voids in accordance with the requirements of the 
Mines Safety and Inspection Act 1994 and the Mines Safety and Inspection Regulations 1995. The 
bund walls should be constructed with a minimum height of 2 metres and a base width of 5 metres, 
from unweathered, freely draining, end dumped rockfill. Vegetation and topsoil resources shall be 
recovered from within the footprint of the abandonment bund for reallocation to other domains. 

 Final inspection  

Upon completion of all rehabilitation works for each area a final inspection shall be conducted with the 
SMC Registered Manager/Quarry Manager and the Contractor Supervisor to confirm that works have 
been completed in accordance with this Procedure. This inspection shall be documented and signed 
off by all using the SMC Land Rehabilitation Sign Off form. Where rehabilitation works are considered 
to not meet the requirements outlined in this procedure, works shall be conducted to rectify any 
identified areas so they meet the requirements of this procedure.  

A final survey pick-up of the area that has been rehabilitated shall be completed by a qualified Surveyor 
and provided to the SMC Environmental Department for inclusion in Annual Environmental Reporting 
and GIS systems.  

 Seeding and Revegetation  

Seeding and planting rates shall be determined by the SMC Environmental Department upon 
completion of the land rehabilitation works, in order to achieve vegetation recovery and stabilisation 
of landform and surface domains in accordance with closure criteria. Seeding and planting should be 
conducted during or just prior to the onset of winter rainfall.  

 Contingency and Remedial Actions 

In the event that progress towards completion criteria is not being made satisfactorily and / or will not 
be met, SMC will implement contingency and remedial actions. Examples of amendments to correct 
poor land rehabilitation are outlined below:  

• Where significant erosion of the surface is present the area shall be re-ripped by multi-tyne 
equipment;  

• Where minor erosion is present mitigation measures shall be used such as coir logs; 

• Additional seeding and planting of tube stock may also be conducted in response to poor 
natural germination where determined from the rehabilitation monitoring results; 

• Placement of additional topsoil and waste rock in areas where revegetation is not successful; 
and 

• Apply soil treatments (e.g. fertiliser and/or microbial stimulants). 
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3.3 Reporting 

Rehabilitation undertaken will be reported to the Department of Mines, Industry Regulation and Safety 
(DMIRS) through the Annual Environmental Report and the Mining Rehabilitation Fund report 
associated with each tenement. The Annual Compliance Assessment Report (ACAR) will provide 
information regarding compliance with conditions, including rehabilitation requirements. The ACAR is 
required to be provided to Department of Water and Environment Regulation (DWER) annually. 
Implementation of remedial measures will be reported to the DWER and DMIRS as part of the ACAR 
and Annual Environmental Report, respectively. 
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