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Executive Summary 

Polaris Metals Pty Ltd operates the Carina Iron Ore Project, 100 kilometres north-east of 
Southern Cross in the Goldfields region of Western Australia. Under condition 11 of Ministerial 
Statement 852, Polaris is required to monitor progressive rehabilitation. A monitoring program was 
established in 2015 with sites established and monitored at rehabilitated borrow pits, road 
infrastructure and a rehabilitation trial area on the waste landform. On-ground monitoring involved 
assessing physical site characteristics, flora and vegetation measurements and remote sensing 
techniques were used to assess landform stability. In 2016, pre-established sites were monitored, 
this included; transect sites at four rehabilitated borrow pits and four corresponding analogue sites, 
photographic sites at six road infrastructure areas and six corresponding analogue sites. The eight 
photographic sites that were established in 2015 at the waste landform rehabilitation trial area were 
extended to 50 metre transects (consistent with the borrow pit sites) and monitored to assess 
differences between rehabilitation treatments. Three additional photographic sites were established 
at road infrastructure areas near the waste landform. 

In 2015 and 2016, native perennial foliar cover was significantly lower at the rehabilitated road 
infrastructure sites compared to the analogue sites. Cover had increased at three of the six 
previously established sites between 2015 and 2016. No erosion or disturbance was observed at any 
of the road infrastructure sites or corresponding analogue sites. Only one rehabilitation site had 
weeds recorded, with one individual *Sonchus oleraceus (common sowthistle) recorded at one of 
the newly installed sites (PR08). No weeds were recorded at the analogue sites in 2016, therefore 
condition 11-1(8) of Ministerial Statement 852 has not been met for this site. The limited vegetation 
parameters that are measured at these sites does not yet allow for an assessment of progress 
towards meeting the remaining conditions of Ministerial Statement 852. 

In 2016, species richness at the rehabilitated borrow pit sites was higher than the analogue sites, 
although not statistically significant. The number of species in 2016 had doubled since 2015 for all 
rehabilitation sites combined and only one site (SR01) had the same number of species in both 
years. Overall the contribution to cover by different species was similar between the rehabilitation 
and analogue sites and between years. That is, vegetation cover was comprised of multiple species, 
rather than dominated by one or a few species, indicating a good diversity of species. The key 
difference is the dominance of low understorey species and lack of overstorey tree cover at the 
rehabilitated sites compared to the analogue sites. This difference should diminish over time 
through natural succession and tree maturity. Native cover at the rehabilitated borrow pits was 
lower than the analogue sites, although not significantly lower. There has been no change in cover at 
the rehabilitated sites between 2015 and 2016, however at the analogue sites there has been a 
slight decrease. This can be attributed to the drier seasonal conditions at the time of the 2016 
survey compared to 2015. There was no erosion or weeds recorded at any of the rehabilitated 
borrow pits; the same as the analogue sites. Monitoring results have demonstrated that the 
rehabilitated borrow pits are progressing towards meeting the native vegetation conditions of 
Ministerial Statement 852. 

The waste landform rehabilitation trial area was established and seeded in 2015 with varying 
techniques in each area. Vegetation cover was recorded for the first time in 2016. One weed species 
(common sowthistle) was recorded at all sites. SR07 (deep contour rip with litter) had the highest 
abundance of common sowthistle. There were no weeds recorded at the analogue site. Therefore 
condition 11-1 (8) of Ministerial Statement 852 has not been met in 2016 for the waste landform 
rehabilitation trial area. Only with further vegetation monitoring at these sites can the similarities or 
differences to the analogue site be assessed. 
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For the 2016 data, comparisons between trial areas to assess the success of the different 
rehabilitation methods have been made. A total of thirteen species were recorded at the waste 
landform rehabilitation trial sites, of which taxon belonging to the Chenopodiaceae family were the 
most common. The sites with the highest species richness also had the highest native cover; SR11, 
SR07 (deep contour rip with litter) and SR06 (deep vertical rip with litter). However, sites SR11 and 
SR06 had obvious signs of erosion, with a large gully at SR11. Evidence of erosion (rills and sheeting) 
was observed at all sites except SR07. However, this site had the greatest deviation of ripping from 
the contour which means that it is potentially at high risk of erosion due to ponding in and 
overtopping of the rip lines. Whilst the application of litter appears to promote vegetation growth, it 
also appears to be contributing to erosion and compromising the integrity of the batters. At this 
early stage of monitoring, it cannot yet be determined which rehabilitation technique is 
outperforming the others. 
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1 Introduction 

1.1 Background 

The Carina Iron Ore project is operated by Polaris Metals Pty Ltd (Polaris) and is located 
approximately 100 kilometres (km) north-east of Southern Cross, in the Goldfields region of Western 
Australia. The mine site comprises a mine infrastructure area, a rail siding area, a haul road and an 
accommodation village. Progressive rehabilitation areas include: 

• 11 hectares (ha) of borrow pits along the Carina haul road 

• approximately 100 ha of the 140 ha waste landform (including 4 ha of completed 
rehabilitation trial areas seeded in August 2015) 

• 10 ha of road infrastructure. 

Polaris is required to monitor progressive rehabilitation under Condition 11 of Ministerial Statement 
852 (Table 1). A rehabilitation monitoring program was established in November 2015 by ecologia 
Environment and Soilwater Group (2015). Rehabilitation and corresponding analogue monitoring 
sites were established at borrow pits along the haul road, road infrastructure areas, and the 
rehabilitation trial area on the waste landform. On-ground monitoring included the assessment of 
site characteristics, flora and vegetation measurements, and landform stability assessments using 
LiDAR technologies. The year of rehabilitation and method used are summarised in Table 2. 

Table 1: Ministerial Statement 852 conditions related to vegetation and rehabilitation monitoring. 

Condition 
number Condition 

11-1 

The proponent shall  undertake progressive rehabil itation over the l ife of the proposal to 
achieve the following outcomes: 
1. The waste materials landforms shall be non-polluting and shall be constructed so that their 

stabil ity, surface drainage, resistance to erosion and abil ity to support local native vegetation 
are similar to undisturbed natural landforms as demonstrated by Ecosystem Function 
Analysis or other methodology acceptable to the CEO. 

2. The waste material landforms and other areas disturbed through implementation of the 
proposal (excluding mine pits), shall be progressively rehabilitated with vegetation composed 
of native plant species of local provenance. 

3. Within 12 months of the date of publication of this statement the proponent shall  conduct 
surveys of each of the vegetation communities that will  be impacted by the proposal to 
collect adequate information in preparation for setting completion criteria for rehabil itation 
to the requirements of the CEO on advice of the DEC. 

4. The methodology of the survey required in condition 11-1(3) shall be prepared in 
consultation and to the satisfaction of the DEC. 

5. Within 18 months of mining commencing the proponent will  develop completion criteria for 
rehabil itation to the requirements of the CEO on advice from the DEC. 

6. The percentage of l iving self sustaining native vegetation in all  rehabilitation areas shall  be 
comparable to that of undisturbed natural analogue sites as demonstrated by Ecosystem 
Function Analysis and species diversity as demonstrated by other methodology acceptable to 
the CEO. 

7. No new species of weeds (including both declared weeds and environmental weeds) are 
introduced into the rehabil itated areas as a result of the proposal. 

8. The cover of weeds (including both declared weeds and environmental weeds) in 
rehabil itated areas shall not exceed that identified in the baseline survey condition 10-1(2) or 
exceed that existing on comparable, nearby land, determined by condition 10-1(3) which has 
not been disturbed during implementation of the proposal, whichever is less. 



Polaris Metals Pty Ltd 
Carina Iron Ore Project – 2016 Rehabilitation Monitoring, December 2016 

 Page | 2 

Condition 
number Condition 

11-2 

The proponent shall  monitor progressively the rehabil itation for a range of sites against the 
criteria developed pursuant to condition 11-1(5) with appropriately timed surveys as agreed 
with the DEC, until  the completion criteria are met. The surveys shall  be conducted annually 
unless otherwise agreed by the CEO, on advice from the DEC.  

11-3 

The proponent shall  include the results of the rehabil itation monitoring required pursuant to 
condition 11-2 in the compliance assessment report referred to in condition 4-6 commencing 
from the date rehabil itation was commenced. The report shall  address the following: 
1. The progress made towards meeting the completion criteria developed pursuant to condition 

11-1(5). 
2. Contingency management measures in the event that the completion criteria required by 

condition 11-1(5) are unlikely to be met. 

11-4 
The proponent shall  make the monitoring reports required by condition 11-2 publicly available 
in a manner approved by the CEO. 

Table 2: Year and method of rehabilitation used for each site. 

Location Site Year of rehabilitation Method of rehabilitation 

Borrow Pit 

SR01 2014 

Ripped 
SR02 2015 

SR03 2014 

SR04 2012 

Waste Landform 
Rehabilitation 
Trial Area 

SR05 

2015 

Contour rip, no l itter, seed, ferti l iser 

SR09 Contour rip, no l itter, seed, no ferti l iser 

SR06 Deep vertical rip, l itter, seed, ferti l iser 

SR10 Deep vertical rip, l itter, seed, no ferti l iser 

SR07 Contour rip, l itter, seed, ferti l iser  

SR11 Contour rip, l itter, seed, no ferti l iser  

SR08 Deep contour rip, no l itter, seed, ferti l iser 

SR12 Deep contour rip, no l itter, seed, no ferti l iser 

Road 
Infrastructure 

PR01 – PR06 2014 
Ripped 

PR07 – PR09 2016 

1.2 Scope of Work 

Astron Environmental Services (Astron) was commissioned by Polaris to undertake the 2016 
monitoring of rehabilitation and analogue sites to assess progress towards achieving self-sustaining 
native vegetation comparable to that of undisturbed analogue sites. Further, the monitoring shall 
assess weed presence and cover compared to previous surveys and analogue sites. The scope of 
works included the following: 

• Field assessment of previously installed rehabilitation sites at borrow pits along the haul 
road and road infrastructure areas. 

• Field assessment of previously installed analogue sites in undisturbed vegetation associated 
with the rehabilitation sites. 
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• Installation and assessment of sites at the 2015 rehabilitation trial areas on the waste 
landform. 

• Installation and assessment of three new rehabilitation sites at road infrastructure 
rehabilitated in 2016 near the waste landform. 

• An unmanned aerial vehicle (UAV) survey and data processing of landform stability for the 
waste landform. 

1.3 Field Survey Timing 

The UAV field survey was conducted on 8 November 2016 by Astron UAV controllers Sam Atkinson 
and Will Wishart. The rehabilitation monitoring survey was conducted from 10 to 13 December 2016 
by Astron Senior Scientist Sharyn Moore and Astron Scientist Samantha Stapleton. 
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1.4 Environmental Context 

1.4.1 Vegetation 

The Carina Iron Ore project is situated within the in the Southern Cross subregion (COO02) of the 
Coolgardie Bioregion (Department of the Environment and Energy 2016b). The Southern Cross 
subregion is described as having a subdued relief, comprising gently undulating uplands dissected by 
broad valleys with bands of low greenstone hills and chains of saline playa-lakes (Cowan, Graham, 
and McKenzie 2001). 

Diverse eucalypt woodlands (Eucalyptus salmonophloia, E. salubris, E. transcontinentalis and 
E. longicornis) rich in endemic eucalypts occur around the salts lakes, on the low greenstone hills, 
valley alluvials and broad plains of calcareous earths. The salt lake surfaces support dwarf 
shrublands of samphire. The granite basement outcrops at mid-levels in the landscape and support 
swards of Borya constricta, with stands of Acacia acuminata and E. loxophleba. Upper levels in the 
landscape are the eroded remnants of a lateritic duricrust yielding sandplains and breakaways. 
Mallee (E. leptopoda, E. platycorys and E. scyphocalyx) and scrub-heath (Allocasuarina corniculata, 
Callitris preissii, Melaleuca uncinata and A. beauverdiana) occur on these uplands, as well as on sand 
lunettes associated with playas along the broad valley floors, and sand sheets around the granite 
outcrops. The scrubs are rich in endemic acacias and Myrtaceae (Cowan, Graham, and McKenzie 
2001). 

Vegetation mapping by (Mattiske Consulting 2008a, 2008b, 2009) has identified 68 vegetation 
communities across the project area and exploration tenements. Of these, thirteen vegetation 
communities were associated with the vegetation monitoring (Table 3). 

Table 3: Vegetation community mapping associated with the rehabilitation areas (Mattiske Consulting 2008a, 2008b, 
2009). 

Vegetation 
code Vegetation community description Landform 

description 

S11 

Scrub of Acacia resinimarginea, Callitris preissii, Eucalyptus pileata and 
mixed Allocasuarina species over Melaleuca hamata and 
Leptospermum fastigiatum over Baeckea sp. Mt. Clara and mixed 
shrubs. 

Lateritic yellow 
sandy soils on mid 
to upper slopes 

S12(b) 
Scrub (fire disturbed) of Allocasuarina corniculata and occasional 
mixed Eucalypt species over Melaleuca cordata, Euryomyrtus maidenii 
and mixed shrubs over Triodia desertorum 

Yellow sandy soils 
on gently 
undulating plains 

S13 

Scrub of Allocasuarina corniculata and Acacia yorkrakinensis subsp. 
acrita with emergent mixed Eucalypt species over Thryptomene kochii, 
Baeckea sp. Mt. Clara, Euryomyrtus maidenii, Leptospermum 
fastigiatum and Melaleuca cordata over Triodia ?desertorum 

Lateritic yellow to 
orange-yellow 
sandy soils 

S14 
Scrub of Acacia burkittii, Allocasuarina corniculata and Allocasuarina 
campestris with emergent Eucalyptus loxophleba subsp. supralaevis 
over Dodonaea microzyga and mixed shrubs 

Red-brown clay 
soils on flats 

S15 
Scrub of Allocasuarina campestris with emergent Eucalyptus 
loxophleba subsp. lissophloia and E. eremophila subsp. eremophila over 
mixed shrubs over Triodia irritans 

Lateritic orange-
brown sandy clay 
soils 
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Vegetation 
code Vegetation community description Landform 

description 

W1 

Woodland of Eucalyptus salmonophloia, E. salubris, E. sheathiana, 
E. corrugata, E. yilgarnensis, E. transcontinentalis, E. longicornis and 
E. ravida over Acacia jennerae, A. prainii, A. colletioides, Santalum 
acuminatum, Exocarpos aphyllus, Eremophila scoparia, E. granitica, 
E  ionantha, Senna artemisioides subsp. filifolia and Atriplex 
nummularia over A. vesicaria, Grevillea acuaria, Olearia muelleri, 
O. pimelioides and Austrostipa elegantissima 

Red-brown clay on 
flats 

W4 

Woodland of Eucalyptus longicornis, E. salubris, E. corrugata and 
E. moderata over Eremophila ionantha, E. scoparia, Senna 
artemisioides subsp. filifolia, Exocarpos aphyllus, Atriplex nummularia 
and Santalum acuminatum over Acacia colletioides and A. vesicaria 

Red-brown sandy-
clay flats with 
scattered ironstone 
and quartz pebbles 

W12 

Open Woodland of Eucalyptus sheathiana, E. salubris, E. loxophleba 
subsp. lissophloia, E. ravida and E. salmonophloia over Acacia burkittii, 
Eremophila ionantha, Senna artemisioides subsp. filifolia and 
A. colletioides over Grevillea acuaria 

Red-brown clay to 
sandy-clay on flats 
with scattered 
ironstone pebbles  

W15 

Low Woodland of Eucalyptus corrugata, E. loxophleba subsp. 
lissophloia and E. longicornis over Acacia burkittii, Allocasuarina 
campestris and Exocarpos aphyllus over Senna artemisioides subsp. 
filifolia, Philotheca tomentella, Prostanthera grylloana, Templetonia 
sulcata and P. brucei subsp. brucei over Grevillea acuaria and Scaevola 
spinescens 

Red-brown clay 
soils on flats 

W22 

Open Low Woodland of Eucalyptus corrugata with mixed Eucalyptus 
spp. over Allocasuarina campestris and Acacia burkittii over Alyxia 
buxifolia, Philotheca brucei subsp. brucei and Isopogon gardneri over 
Scaevola spinescens and Olearia muelleri 

Red-brown clay 
soils on mid and 
lower slopes 

W30 
Low woodland of Eucalyptus corrugata over Acacia resinimarginea 
over Beyeria brevifolia, A. hemiteles, and mixed shrubs over Triodia 
scariosa and T. ?desertorum 

Yellow to orange 
sandy clay soils on 
flats 

W31 
Woodland of Eucalyptus longicornis, E. sheathiana and E. loxophleba 
subsp. lissophloia over Eremophila scoparia, Atriplex nummularia, 
Exocarpos aphyllus over A. vesicaria, Olearia muelleri and mixed shrubs 

Orange- brown clay 
soils on flats 

W33 

Low woodland of Eucalyptus corrugata and mixed Eucalypt species 
over mixed Allocasuarina species and Acacia burkittii over Alyxia 
buxifolia, Grevillea obliquistigma subsp. obliquistigma over 
Prostanthera grylloana and Leucopogon sp. Clyde Hil l  

Orange to red-
brown clay soils on 
flats and lower 
slopes 

1.4.2 Climate 

The mean annual rainfall (1996-2016) in the area is 306 millimetres (mm), based on climatic data 
from the Southern Cross Airfield weather station number 12320 (Bureau of Meteorology 2017). The 
2016 monitoring survey was undertaken following below average rainfall in the four months 
preceding the survey (August to November), where only 40.2 mm of rainfall was recorded (Figure 2). 
The 2015 monitoring was undertaken after above average rainfall. A total of 182.8 mm was recorded 
in the four months preceding the 2015 survey (July to October) with 43 mm recorded within a 
month before the survey. Overall, annual rainfall for 2016 (315 mm) was above the mean annual 
rainfall, but below the annual rainfall for 2015 (358 mm). 
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Figure 2: Total monthly rainfall (mm) for 2015 and 2016, and mean monthly (1996 to 2016) recorded at Southern Cross 
Airfield weather station 012320 (Bureau of Meteorology 2017). 
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2 Methodology 

2.1 Monitoring Design 

The location of the previously installed sites were selected by ecologia Environment and Soilwater 
Group (2015) using previous vegetation mapping and recent aerial imagery (Table 4). The analogue 
sites were installed in adjacent, undisturbed areas with corresponding vegetation communities, soil, 
topography and terrain. The locations of the rehabilitation photographic monitoring sites installed in 
2016 were selected in the field after consultation with Polaris. The location of the monitoring sites is 
presented in Figure 3 and more detailed maps are presented in Appendix A. 

The rehabilitation monitoring design established by ecologia Environment and Soilwater Group 
(2015) has a combination of transect sites and photographic sites: 

1. Transect sites; 

o A single transect 50 metres (m) in length with ten quadrats set up at 5 m intervals 
(starting from the 0 m mark). The start, end and start of each quadrat are permanently 
marked. The quadrats are 2 m by 2 m and located on the right hand side of the transect. 
Where the site is too small for a 50 m transect, two 25 m transects run parallel to each 
other and are 50 m apart. 

o One 50 m by 50 m overstorey quadrat spanning 25 m either side of the 50 m transect. 
Where the site contains two 25 m transects, the overstorey quadrat are 100 m by 25 m, 
spanning 25 m beyond each transect. 

2. Photographic sites; 

o Established where the rehabilitation area is too small for a transect or where there is 
currently minimal vegetation growth to warrant a full transect. 

o A permanent marker is installed where the photograph is to be taken from, and another 
as a reference point for photograph alignment. 

The photographic sites that were previously installed at the rehabilitation trial areas were used as 
the start point for the extension into transects in 2016. Each transect was orientated to run upslope 
with the start at the bottom of the slope and the end at the top of the slope. Fence droppers were 
installed at the start, midway point, and end of the transect rather than every 5 m which was 
employed in the 2015 survey (ecologia Environment and Soilwater Group 2015). The width of the 
overstorey quadrats stopped at the edge of the corresponding rehabilitation trial area. 
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Table 4: Location and type of monitoring sites, and corresponding vegetation community (ecologia Environment and 
Soilwater Group 2015; Mattiske Consulting 2008a, 2008b, 2009). UTM coordinates set in GDA94, Zone 50. 

Site type Location Vegetation 
community code Site code Easting Northing 

Transect 

Haul road borrow 
pits 

W31 

SR01 (Transect 1) 225089 6609009 

SR01 (Transect 2) 225060 6609043 

SC01 225012 6608932 

W30 

SR02 (Transect 1) 233604 6597383 

SR02 (Transect 2) 233573 6597419 

SC02 233802 6597328 

W15 
SR03 215286 6623927 

SC03 215222 6623877 

W33 

SR04 (Transect 1) 221851 6614060 

SR04 (Transect 2) 221870 6614015 

SC04 222054 6613589 

Waste landform 
2015 
rehabil itation 
trials 

W4 

SC05 210928 6625746 

SR05 211049 6625850 

SR06 211080 6625813 

SR07 211107 6625782 

SR08 211133 6625745 

SR09 210991 6625814 

SR10 211020 6625774 

SR11 211046 6625741 

SR12 211073 6625707 

Photographic Road 
infrastructure 

S15 
PR01 231748 6599653 

PC01 231771 6599664 

S14 
PR02 232393 6598864 

PC02 232409 6598877 

W1 
PR03 233070 6598099 

PC03 233100 6598105 

S13 
PR04 236519 6594555 

PC04 236517 6594545 

S12(b) 
PR05 239364 6591513 

PC05 239352 6591505 

S11 
PR06 241647 6588655 

PC06 241666 6588662 

W22 PR07 212050 6625869 

W4 PR08 212227 6625467 

W12 PR09 212785 6625799 

  



ESDAILE CREEK

MOUNT WALTON ROAD

210000 220000 230000 240000

659
00

00
660

00
00

661
00

00
662

00
00

0 2 4 6 8 10
k m

Figure 3: Rehabilitation monitoring site locations
Author: S. Moore Date: 13-02-2017 Coordinate System : GDA 1994 MGA Zone 51
Draw n: T. Pedersen Figure Ref: 13029-16-ENV DR-2RevA_170213_Fig03

Polaris Metals Pty Ltd
Carina Iron Ore Project –  2016 Rehabilitation Monitoring, Decem ber 2016

Legend
MS 852 Project boundary

Monitoring Site Locations
Borrow Pit sites
Road Infrastructure sites
Waste Landform  Rehabilitation Trial Area sites
Roads
Track s
Railway
Watercourse



Polaris Metals Pty Ltd 
Carina Iron Ore Project – 2016 Rehabilitation Monitoring, December 2016 

 Page | 11 

2.2 Monitoring Parameters 

Attributes assessed at each transect site, 2 m by 2 m quadrat, overstorey quadrat and photographic 
site are presented in Table 5. Transect attributes were assessed for the entire length of the transect, 
spanning 2 m either side to align with the width of the quadrats. Prior to data collection, two 
measuring tapes were laid along the length of the transect running parallel to each other and 2 m 
apart to mark the width of each 2 m quadrat. Photographic site attributes were assessed over a 
spatial area of approximately 5 m by 5 m, incorporating both permanent markers. Field data was 
recorded electronically using a handheld Samsung tablet. Descriptions of the categories are provided 
in Appendix B. 

Table 5: Attributes recorded at each monitoring site. 

Site component Attribute Description 

Transect 

Unique label Site, treatment and number 

Treatment Rehabilitation, analogue or waste landform rehabil itation trial area 

Location UTM coordinates of the sites established in 2016 were recorded on 
a GPS unit (GDA94, Zone 50) 

Photograph 
Two digital photograph taken from the start and end of the 
transect(s), orientated on the right hand side of the transect to 
capture the 2 m by 2 m quadrats 

Habitat 
description Landform broadly described for rehabil itation areas 

Ground cover Percent cover of boulders, rocks, logs, l itter, bare ground 

Vegetation 
community 

Rehabilitation areas described according to the National Vegetation 
Information System guidelines (Department of the Environment and 
Energy 2016a) 

Vegetation 
condition 

Described based on Trudgen (1988) categories; excellent, very good, 
good, poor, very poor, completely degraded. For analogue sites 
only. 

Fauna evidence Record fauna species or group, identify type (e.g. sighting, scats, 
nest) 

Fire Describe evidence 

Rehabilitation 
condition 

Erosion and disturbance scored; extensive (4), moderate (3), 
low/scattered (2), none (1) 

2 m by 2 m 
quadrat 

Quadrat number Labelled based on distance along transect 

Foliar cover 
Projected l ive foliar cover (%) for each species (stems inside or 
outside quadrat). Trees were not included in any measurements as 
these are captured in the overstorey quadrat. 

Stratum 

Stratum expected to be occupied by each species, determined by 
taxon, not height at time of survey (consistent with Florabase 
(Western Australian Herbarium 1998-2016)); herb, tussock grass, 
hummock grass, sedge, low shrub <1 m, mid shrub 1-2 m, tall  shrub 
>2 m. 

Abundance Number of individuals of perennial native species with stems inside 
the quadrat 

Reproductive 
state Flowering, fruiting, flowering and fruiting, or sterile 

Fauna evidence Record fauna species or group, identify type (e.g. sighting, nest) 
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Site component Attribute Description 

Faecal material Identify type of scat if known 

Overstorey 
quadrat 

Tree species Projected foliar cover (%) and abundance of each tree species within 
each stratum; seedling <1 m, juvenile 1-2 m, mature >2 m 

Weed species Project foliar cover (%) and abundance of each weed species 

Photographic 
site 

Photograph One digital photograph taken from the photo point fence dropper 
looking to the reference point 

Vegetation 
condition 

Described based on Trudgen (1988) categories; excellent, very good, 
good, poor, very poor, completely degraded 

Rehabilitation 
condition 

Erosion and disturbance scored; extensive (4), moderate (3), 
low/scattered (2), none (1) 

Fauna evidence Record fauna species or group, identify type (e.g. sighting, scats, 
nest) 

Fire Describe evidence 

Weed presence Record weed species name and estimated cover (%) 

Perennial native 
species 

Estimate total foliar cover (%) for all  native perennial species 
combined 

2.3 Data Management and Analysis 

The 2015 data was converted from PDF to excel from the previous report to analyse differences 
between the two years of monitoring (ecologia Environment and Soilwater Group 2015). Some 
inconsistencies were noted between the two sets of data and the following changes were made to 
the 2015 dataset ensure accurate analysis: 

• The identification of some specimens were changed to align with data recorded in 2016. This 
occurred when species were only identified to family or genus level in 2015 and where able 
to be identified to species level in 2016, or when species were incorrectly identified in 2015. 

• Stratum was changed to the stratum expected to be occupied by each species based on the 
taxon, not the height at the time of survey. This was to align with the methodology applied 
in 2016. 

• Keraudrenia integrifolia changed to Seringia velutina consistent with Florabase (Western 
Australian Herbarium 1998-2016). 

• All mature Eucalyptus trees were removed from the transect dataset as this data was 
recorded in the overstorey quadrats. It is very difficult to accurately assess foliar cover for 
large trees in 2 m by 2 m quadrats. 

• Litter cover values that were recorded as <5% were changed to an absolute value of 4% for 
analyses to be undertaken. 

• Foliar cover values in the overstorey quadrats that were recorded as <1% were changed to 
an absolute value of 0.1% for analyses to be undertaken. 

For the road infrastructure sites, mean native perennial foliar cover (%) and 95% confidence 
intervals (CI) were calculated for all analogue and rehabilitation sites in 2015 and 2016. Results were 
graphed and an overlap in CI represents no significant difference between the analogue and 
rehabilitation sites. 

For the borrow pits, differences in species diversity between rehabilitation and analogue sites, and 
to 2015 data, was analysed using the Berger-Parker index of species evenness, based on species 
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cover (including weed species) (Magurran 1988). The Berger-Parker index quantifies the level of 
species dominance, and is the proportional cover of the most dominant species, as a ratio of total 
vegetation cover. Therefore low values of the index indicate a more even representation of species. 
Whilst all species evenness indices have their limitations, the Berger-Parker index is considered to be 
one of the most satisfactory diversity measures available and can be easily interpreted (Magurran 
1988). With the focus of the species evenness being dominant species, the index must be 
interpreted together with species richness. Native species richness for the borrow pit and waste 
landform sites was calculated as a count of the number of species for each site and analysed 
between analogue and rehabilitation sites, and to 2015 data. 

The sum of native species cover was calculated for each quadrat, with the mean and 95% CI then 
calculated for each transect. These were graphed to show any significant difference between 
analogue and rehabilitation sites, and to 2015 data. The proportion of cover attributed to each 
stratum in 2016 was graphed to show differences in composition between analogue and 
rehabilitation sites. 

2.4 Taxonomy and Nomenclature 

Plant specimens that were not identified in the field were brought to Perth and identified by 
Astron’s Botanists. The assigned nomenclature is consistent with the current listing of scientific 
names recognised by FloraBase (Western Australian Herbarium 1998-2016) and was used for the 
species list and associated species information collected. Where there was insufficient reproductive 
material to identify specimens to species level, the family or genera was used to differentiate the 
taxon. Many of the plants at the rehabilitation sites were juvenile and sufficient material was not 
available for collection. In these cases, the plants were labelled by family or genera with a 
description 

2.5 Landform Stability Monitoring 

Remote sensing is the acquisition of information about a target object or geographic area without 
direct physical contact. Aerial remote sensing surveys are capable of rapidly collecting information 
across entire rehabilitation sites. Rehabilitation landforms or other features of interest can be 
accurately demarcated from such datasets for further analysis. Structural, geometrical and 
biophysical characteristics can then be derived from such areas using advanced geospatial analyses. 
This allows for broad scale quantification of metrics relevant to rehabilitation performance 
monitoring. 

Geometry and stability metrics are derived from three dimensional point clouds. Geometry metrics 
are focused upon both the surveying and monitoring of constructed rehabilitation landforms. These 
metrics include measuring batter slope angles and contour ripping. Stability metrics aim to measure 
on-going changes within rehabilitation landforms, with a focus on the detection and quantification 
of erosion. Vegetation metrics are derived using multispectral information, and are focused upon 
quantifying vegetation cover and relative health. 

2.5.1 Data Capture and Preprocessing 

A Bramor rTK fixed-wing UAV was flown at an altitude of 120 m, capturing a total of 1,992 red, 
green, blue (RGB) image frames. In-house photogrammetric techniques were used to composite a 
RGB orthophoto at a spatial resolution of 2.5 centimetres (cm). A by-product of the 
photogrammetrical process is the generation of a high density point cloud. Point cloud filtering and 
geostatistical interpolation was used to generate a digital elevation model (DEM) at a spatial 
resolution of 15 cm. 
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2.5.2 Remote Sensing Analysis 

Rehabilitation Performance Metrics (RPM) were used to analyse both the orthophoto and DEM to 
extract geometrical, stability and vegetation characteristics of the waste landform site. Geometry 
measures were calculated for the waste landforms batters and berms. Measures of lift height and 
angle were calculated for the three batter levels. Berm width and slope angle were calculated for 
the berms. RPM measures were then compared against the waste landform design parameters that 
were provided by Polaris (Table 6). 

Stability measures were used to identify the formation of gullies upon the waste landforms batters. 
RPM relies upon a multiscale analysis of local and broader terrain morphology to identify gully 
features in an environment. Gully identification is dependent upon the spatial resolution of the DEM 
to resolve structural characteristics. For this project, the analysis is constrained to identifying gullies 
with widths over 15 cm. Structural characteristics of identified gully features were further analysed 
to provide measurements of average depth, maximum depth and length. 

Table 6: Waste landform design parameters provided by Polaris. 

Landform Parameter Design detail 

Waste Landform Maximum Elevation 500 metres registered level (mRL) 

Batter 

Maximum Slope Angle 18° 

Overall  Maximum Slope Angle 16° 

Maximum First Height Lift 22 m 

Maximum Second Height Lift 10 m 

Maximum Third Height Lift 10 m 

Berm  Width 10 m 

2.6 Limitations 

The following limitations apply to the 2016 rehabilitation monitoring program: 

• Conducting the monitoring in December during a hot, dry period for the Goldfields region is 
not optimal timing. Many plants were senescing or dead and the species richness and native 
cover may be under represented. Further, many plants were sterile, making identification 
difficult. Undertaking monitoring during spring when plants are actively growing and 
reproducing would allow for a more accurate assessment of vegetation parameters. 

• Solanum hoplopetalum was recorded as a weed species in the 2015 survey (ecologia 
Environment and Soilwater Group 2015). The naturalised status of this species is mixed; 
native in part of range, naturalised elsewhere (Western Australian Herbarium 1998-2016). 
S. hoplopetalum should therefore not be recorded as a weed species for the purposes of the 
rehabilitation monitoring program. In 2016, this species was recorded as a native species. 

• The spatial area of assessment for the photographic sites was not defined for the 2015 
survey (ecologia Environment and Soilwater Group 2015). This affects the ability to 
undertake a direct comparison between 2015 and 2016 results. 

• The limited monitoring parameters recorded at the photographic sites and the lack of 
replication does not allow statistical analysis to be undertaken on the success of the 
rehabilitation compared to the analogue sites. 

• The monitoring design is deficient in sampling replication, which limits statistical analysis. 
There is only one transect for each analogue vegetation community and one transect for 
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each rehabilitation site, except for the waste landform where there are two transects per 
trial area. For appropriate statistical analysis, sites should be replicated as each site would 
be considered an independent replicate of the rehabilitation treatment. The 10 quadrats 
that comprise each transect are known as pseudo-replication and the measures obtained 
from each quadrat can not be used to determine the mean value for a site. 

• Physical ground cover attributes, erosion and disturbance were not assessed at the quadrat 
level. This limits the ability to assess the stability of the rehabilitation sites compared to the 
analogue sites. 

• Assessing vegetation condition based on Trudgen (1988) was only assessed for analogue 
sites. This scale is limited by the category descriptions which refer to disturbance as a key 
attribute and is therefore not applicable to rehabilitation sites. 

• The overstorey quadrats at the rehabilitation trial areas were smaller than 50 m by 50 m. A 
direct comparison to the analogue site in the corresponding vegetation community is 
therefore limited. 

• During the UAV survey there was an equipment malfunction and so near infrared imagery 
was unable to be captured. Therefore analysis of vegetation cover across the waste 
landform was not undertaken. 
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3 Results and Discussion 

The 2016 monitoring data is summarised below according to rehabilitation area, with comparisons 
to the corresponding analogue sites and 2015 data (ecologia Environment and Soilwater Group 
2015). The raw monitoring data in electronic format has been supplied separate to this report and 
site photographs are provided in Appendix C. 

Conditions at the time of survey were dry and as such most of the vegetation was sterile. There were 
minimal annual species recorded in both the analogue and rehabilitation sites. 

3.1 Road Infrastructure 

There were no weeds recorded at any of the previously established photographic sites within the 
road infrastructure areas in 2016. One weed species was recorded at one newly installed 
rehabilitation photographic site; *Sonchus oleraceus (common sowthistle) was recorded with a 
cover of 0.1% at PR08 (Table 6). This species has previously been recorded at Carina and was 
recorded at three borrow pit rehabilitation sites in 2015, but not at any of the road infrastructure 
sites (ecologia Environment and Soilwater Group 2015). 

No erosion or disturbance was recorded at any site and there was no recent evidence of fire. In 
2015, minor disturbance was recorded at PR03, however this was not evident in 2016. Fauna activity 
was observed at all analogue sites, and all except three rehabilitation sites (Table 6). The three sites 
with no fauna evidence were the newly installed sites, which were assessed following heavy rainfall. 
This may have affected the presence of fauna at the time of survey. The presence of fauna seems to 
have improved since 2015, however the assessment parameters may have differed from only 
recording animal sightings in 2015 to recording sightings, nests, tracks and scats in 2016. 

Native perennial cover continues to be lower at all rehabilitation sites compared to the analogue 
sites (Figure 4). Since 2015, cover increased at three rehabilitation sites (PR02, PR03 and PR04), 
stayed the same at two sites (PR05 and PR06) and decreased at one site (PR01). Two of the newly 
installed sites (PR07 and PR09) had very minimal vegetation cover (0.1%). This is to be expected with 
rehabilitation only completed in 2016. 

Table 7: Road infrastructure rehabilitation and corresponding analogue sites monitoring summary. Parenthesis refer to 
number of sites. 

Site type Weed presence Erosion Disturbance Fauna evidence Fire evidence 

Analogue Nil  (6) 1 (6) 1 (6) 

Invertebrate nests (5), 
birds (4), invertebrate 
sightings (3), small 
mammal burrow (1) 

Nil  (5), long 
burnt tree (1) 

Rehabilitation 

None (8),  
*Sonchus oleraceus 
(common sowthistle) 
cover 0.1% (1) 

1 (9) 1 (9) 

Invertebrate nests (6), 
invertebrate sightings 
(3), tracks (3), none (3), 
emu scats (1) 

Nil  (9) 
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Figure 4: Total native perennial foliar cover (%) at each rehabilitation road infrastructure site and corresponding 
analogue site in 2015 and 2016. 

3.2 Borrow Pits 

In 2016, there was no erosion observed in any of the borrow pit sites, however there was some 
rubbish recorded at transect 2 of SR01 (Table 7). Ecologia Environment and Soilwater Group (2015) 
recorded disturbance at SR02 and SR04 in 2015, however this was not observed in 2016. There was 
no evidence of fire at any of the sites. The ground cover at the rehabilitation sites was 
predominantly comprised of rock, with only 9% litter cover compared to 27% for the analogue sites. 
Whereas, the ground cover at the analogue sites was evenly comprised of rock, litter and bare 
ground. The litter cover at the rehabilitation sites is expected to increase with age as the vegetation 
develops. Some cracking clay was observed in a single quadrat each at SR01 and SR02. Fauna 
evidence was observed at all analogue and rehabilitation sites, however was more common 
throughout the analogue transects. 
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Table 8: Borrow pit rehabilitation sites and corresponding analogue sites physical characteristics summary. Parenthesis refer to number of sites. NB: average log cover and litter cover 
data is calculated for the whole transect, not individual quadrats. 

Site type Erosion Disturbance Fire 
evidence Fauna evidence 

Average 
boulder 
cover 

Average 
rock cover 
(range) 

Average 
log cover 
(range) 

Average 
litter cover 
(range) 

Average 
bareground 
(range) 

Analogue 1 (4) 1 (4) Nil  (4) 
Invertebrate nests (4), invertebrate sightings 
(4), diggings (3), kangaroo scats (1), small 
burrow (1), cocoon (1) 

Nil  
33% 
(0 – 60%) 

0.5% 
(0 – 1%) 

35% 
(20-50%) 

30% 
(1 – 60%) 

Rehabilitation 1 (4) 1 (4), 2 (1) Nil  (4) 
Invertebrate nests (4), invertebrate sightings 
(4), kangaroo scats (2), kangaroo tracks (1), 
praying mantis (1) 

Nil  66% 
(25 – 90%) 

1% 
(0 – 4%) 

9% 
(5 – 15%) 

19% 
(1 – 65%) 
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3.2.1 Species Composition 

In 2016, all rehabilitation sites except for SR04 had higher species richness compared to their 
corresponding analogue sites (Figure 5). Compared to the analogue sites, the rehabilitation sites 
generally have more herbs and low understorey species, which is characteristic of young 
rehabilitation. Rehabilitation is progressing well in terms of species richness, with an increase in the 
number of species recorded in 2016 at SR02, SR03 and SR04. The same number of species was 
recorded at SR01 in 2015 and 2016. The biggest difference in species richness between treatment 
and year was at SR02 and SR03. Rehabilitation site SR02 had many very young germinants and 
seedlings that could not be identified to species level. It is possible that as these plants mature and 
are able to be positively identified, they may turn out to be the same species as those that have 
already been recorded at the site. 

Species dominance in 2016 at SR02 was the same as its corresponding analogue site (SC02), with all 
other rehabilitation sites being similar to their analogue sites (Figure 6). Between 2015 and 2016, 
rehabilitation sites differed in whether species dominance increased or decreased. SR01 was 
dominated by Austrostipa trichophylla and Sclerolaena diacantha in 2015 and 2016, although the 
cover of these species had declined in 2016. SR02 exhibited an increase in dominance of Seringia 
velutina in 2016. In 2015, SR03 was dominated by common sowthistle, whilst this species was absent 
in 2016 and there was a large increase in the cover of Acacia burkittii, Maireana spp. and 
Sclerolaena spp. SR04 decreased in dominance of Hannafordia bissillii subsp. latifolia and Seringia 
velutina, however increased in dominance of Acacia burkittii. Variation in dominance was also 
exhibited in the analogue sites between 2015 and 2016. 

 

Figure 5: Total native species richness for each rehabilitation borrow pit site and corresponding analogue site in 2015 
and 2016. 
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Figure 6: Species dominance as quantified by the Berger-Parker Index for each rehabilitation borrow pit site and 
corresponding analogue site in 2015 and 2016. 

3.2.2 Native Foliar Cover 

In 2016, mean native foliar cover was lower at all rehabilitation sites compared to their respective 
analogue site, that is except for SR01 and SC01 where cover at the rehabilitation site (13.4%) 
exceeded that of the analogue site (7.6%) (Figure 7). However, no sites were significantly different in 
foliar cover between rehabilitation and analogue. SR01 had a significant cover of Sclerolaena 
diacantha and Austrostipa trichophylla, both of which were not recorded in the analogue site. In 
2015, foliar cover was significantly lower at SR02 compared to SC02; this difference was no longer 
significant in 2016. SR02 and SR03 were the only sites to increase in foliar cover between 2015 and 
2016, which is correlated to the increase in species richness at these two sites (Figure 5). It would 
appear that dry seasonal conditions leading up to the 2016 survey have affected the live foliar cover 
assessment, with many plants in a senescent lifestage. However, it should be noted that different 
contractors and personnel undertaking the monitoring may differ in their approach to assessing 
projected live foliar cover of native vegetation. 

The cover contributed by each stratum was different between all rehabilitation sites and their 
respective analogue site. In general, the rehabilitation sites had a higher proportion of cover 
comprised of herb and low shrub species compared to the analogue sites in 2016. Whereas, 
hummock grass and mid shrub species were more prevalent at the analogue sites (Figure 8). This is 
not unexpected given the young age of the rehabilitation (between one to four years old). The cover 
contributed by tall shrubs and tussock grasses was similar between the rehabilitation and analogue 
sites. 

SR01 was dominated by the herb species Sclerolaena diacantha, whereas mixed mid shrub species 
were dominant at SC01. Mixed mid and low shrubs were dominant at SR02, compared to Triodia 
tomentosa (hummock grass) at SC02. Mid shrubs comprised of Rinzia carnosa and Baeckea 
elderiana, and tall shrubs were dominant at SC03, however SR03 had very little mid shrubs and was 
comprised mostly of tall shrubs, herbs and low shrubs. The composition of tall shrubs was similar at 
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these two sites, with both the rehabilitation and analogue site sharing high cover of Acacia burkittii. 
The most similar sites were SR04 and SC04 where the cover at both sites was predominantly 
comprised of tall shrub species. However the individual species differed; cover at SR04 was 
dominated by Grevillea didymobotrya subsp. didymobotrya, whereas SC04 was dominated by 
Allocasuarina campestris. Whilst the individual species are different, similarities in stratum cover is a 
good indication of successful rehabilitation. SR04 is the oldest of the rehabilitation sites, with 
rehabilitation completed in 2012. Over time, it is expected that the younger rehabilitation sites 
(those completed in 2014 and 2015) will obtain similar stratum composition to the analogue sites. 

 

Figure 7: Mean native foliar cover (%) for each rehabilitation borrow pit site and corresponding analogue sites in 2015 
and 2016. Error bars denote 95% confidence intervals. 
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Figure 8: Mean proportion of native foliar cover (%) per stratum for each analogue and rehabilitation borrow pit site in 
2015 and 2016. 

3.2.3 Overstorey Species 

In 2016, all four rehabilitation sites had overstorey species recorded (Table 8), compared to three in 
2015 (ecologia Environment and Soilwater Group 2015). The number of species increased by one at 
SR03 and SR04, which both had Eucalyptus seedlings that were absent in 2015. All except one 
individual at SR03 were either seedlings or juveniles; one mature Codonocarpus cotinifolius was 
recorded at SR03 which was recorded as a juvenile in 2015. This species was not recorded at any of 
the analogue sites. No eucalypts at the rehabilitation sites had diagnostic features to allow for 
identification to species level. This was also the case for the juvenile eucalypts at the analogue sites. 
In future years’ monitoring when the individuals can be identified, the Eucalyptus species inventory 
can be compared to the analogue sites. Beyond the eucalypts, there were no other overstorey 
species that were recorded in both the rehabilitation sites and analogue sites. 

Overstorey cover for all species combined is higher at the analogue sites due to the proportion of 
mature trees compared to the rehabilitation sites where the overstorey species are nearly all 
seedlings or juveniles (Figure 9). Over time as these individuals mature, cover will increase and 
statistical analysis can be undertaken to determine if the overstorey cover is comparable between 
rehabilitation and analogue sites. The cover recorded at the analogue sites decreased between 2015 
and 2016, except at SC02 where it was the same. There were no obvious signs of tree stress or tree 
deaths noted in 2016, and the abundance of trees was comparable between the two years (Figure 
10). Therefore the decrease in cover recorded is most likely due to a change in personnel. The total 
abundance of overstorey species was lowest at SR02, SR03 and SR04, which is consistent with their 
corresponding analogue sites, that is except for SR02 (Figure 10). The corresponding analogue site 
(SC02) had the highest abundance of overstorey species of all the analogue sites. SR01 had the 
highest abundance of overstorey species, all of which were Eucalyptus spp. Given SR04 was 
rehabilitated four years ago, it would be expected for this site to have a higher abundance and cover 
of overstorey species compared to the other rehabilitation sites, however, it is comparable to its 
corresponding analogue site. 
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The cover and abundance of overstorey species has increased at all rehabilitation sites between 
2015 and 2016, the largest increase exhibited at SR01 (Figure 11 and Figure 12). Smaller increases 
were observed at SR03 and SR04, and at SR02 which did not have any overstorey species present in 
2015. In 2016, one less juvenile Eucalyptus sp. was recorded at SR01, indicating that this individual 
had died since 2015. Further, at SR04 it appears that three juvenile Eucalyptus sp. individuals had 
died (Figure 12). Whilst you would expect seedlings to naturally senesce between years and seasons, 
deaths in juvenile individuals may be a concern if this trend is also detected in the next monitoring 
survey. 
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Table 9: Number of rehabilitation borrow pit sites (n = 4) and corresponding analogue sites (n = 4) with each overstorey species recorded. 

Site type 
Callitris 
preissii 

Codonocarpus 
cotinifolius 

Eucalyptus 
corrugata 

Eucalyptus 
griffithsii 

Eucalyptus 
loxophleba 
subsp. lissophloia 

Eucalyptus 
yilgarnensis 

Eucalyptus 
sp. 

Eucalyptus 
shiny green 

Eucalyptus 
sp. glaucous 

Eucalyptus sp. 
little leaf 

Analogue 1 0 3 1 3 1 2 0 0 0 

Rehabilitation 0 2 0 0 0 0 1 1 2 1 
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Figure 9: Total foliar cover (%) of all overstorey species at each rehabilitation borrow pit sites and corresponding 
analogue sites in 2015 and 2016. 

 

Figure 10: Total abundance (number of individuals) of all overstorey species at each rehabilitation borrow pit sites and 
corresponding analogue sites in 2015 and 2016. 
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Figure 11: Total foliar cover (%) of all overstorey species in each lifestage at each rehabilitation borrow pit site in 2015 
and 2016. 

 

Figure 12: Total abundance (number of individuals) of all overstorey species in each lifestage at each rehabilitation 
borrow pit site in 2015 and 2016. 
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3.2.4 Weed Presence 

No weeds were recorded at any of the analogue sites in 2016. One weed species, common 
sowthistle was recorded at one rehabilitation site; SR02. Five individuals were recorded with a cover 
of 0.1%. Weed control activities were undertaken by Polaris prior to the monitoring survey and dead 
common sowthistle individuals were observed in all rehabilitation sites. In 2015 common sowthistle 
was recorded at SR01, SR02 and SR03, with the highest cover of 4% recorded at SR03 (ecologia 
Environment and Soilwater Group 2015). 

3.3 Waste Landform 

In 2016, erosion was recorded at all of the waste landform rehabilitation trial areas except for SR07 
(Table 10). The most significant erosion was recorded at SR11 where a large gully ran from the start 
of the transect approximately to the 15 m mark (Plate 1). There were multiple rills, gullies and sheet 
erosion observed throughout the site, but outside of the monitoring transect. Rills were observed at 
SR06, SR08, SR09, SR10 and SR12 (Plate 2). No rills were observed at SR05, however the beginning 
signs of erosion was detected along the banks of the rip lines. The ground cover at the waste 
landform sites was predominantly rocks and bare ground, with a good cover of litter and logs at 
SR06, SR07, SR10 and SR11 (Table 10). These four sites all had litter applied during the rehabilitation 
phase. Low cover of boulders were recorded at all sights except SR06 which was devoid of boulders. 
Fauna activity was scarce at the waste landform rehabilitation sites, with no signs of fauna evidence 
at SR09 and SR10. There was no evidence of disturbance or fire at any of the waste landform sites, 
or the corresponding analogue site (SC05). 
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Plate 1: Gully recorded at SR11 

 

Plate 2: Erosion rill at SR06, representative of the size of the rills observed at other rehabilitation trial areas. 
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Table 10: Waste landform rehabilitation trial sites and corresponding analogue site physical characteristics summary. Parenthesis refer to number of sites. NB: average log and litter cover 
is calculated from quadrat data; n/a = not applicable. 

Site type Treatment Site 
name Erosion Disturbance Fire 

evidence Fauna evidence 
Boulder 
cover 
(%) 

Rock 
cover 
(%) 

Average log 
cover (%) 
(range) 

Average 
litter cover 
(%) (range) 

Bareground 
(%) 

Analogue n/a SC05 Nil  Nil  Nil  
Invertebrate 
burrow, spider 
web, ants, diggings 

Nil  80 
0.5 
(0 – 5) 

24 
(1 – 65) 7 

Rehabilitation 

Contour 
rip 

SR05 Scattered Nil  Nil  

Ants, invertebrate 
burrow, ants nest; 
one very active 
with piles of 
Sclerolaena fruit 

1 75 0.1 
(0 – 0.1) 

0.3 
(0.1 – 1) 23 

SR09 Scattered Nil  Nil  Nil  0.1 70 0.2 
(0 – 2) 

0.07 
(0 – 0.1) 30 

Deep 
vertical rip 
+ l itter 

SR06 Scattered Nil  Nil  
Ants, ants nest, 
invertebrate 
burrow 

0 40 10 
(1 – 60) 

26 
(10 – 35) 25 

SR10 Scattered Nil  Nil  Nil  0.1 50 15 
(0 – 45) 

15 
(2 – 35) 10 

Contour 
rip + l itter 

SR07 Nil  Nil  Nil  
Ants, cricket, 
invertebrate 
burrow 

0.1 45 10 
(5 – 20) 

30 
(8 – 65) 30 

SR11 Moderate Nil  Nil  Ants, ants nest 0.1 60 11 
(0 – 30) 

12 
(2 – 25) 20 

Deep 
contour rip 

SR08 Scattered Nil  Nil  Ants 0.1 75 0.2 
(0 – 1) 

0.2 
(0.1 – 1) 25 

SR12 Scattered Nil  Nil  Ants 1 70 Nil  
0.6 
(0.1 – 1) 30 
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3.3.1 Species Composition 

Thirteen plant species were recorded at the waste landform rehabilitation sites in 2016 (Table 11), 
of these only three species (Acacia burkittii, Atriplex nummularia and Maireana triptera) had been 
included in the seed mix applied to the trial area (S Kinsey, Senior Environmental Advisor, Mineral 
Resources Limited, pers. comm., 25 January 2017). The most common taxon recorded at the trial 
area belonged to the Chenopodiaceae family, which are commonly found in saline habitats (Atwell, 
Kriedemann, and Turnbull 1999; Clarke and Lee 2003). Further, Atriplex spp. (saltbush) are a well-
known halophyte, a plant adapted to saline soils. Saltbush has historically been used to revegetate 
degraded land where drought, heat and salt pose major challenges to the establishment of plant 
species (Atwell, Kriedemann, and Turnbull 1999). However, germinating seeds and seedlings of 
halophytes, are just as sensitive to salt as cultivated species (Atwell, Kriedemann, and Turnbull 
1999). 

The most common species was Zygophyllum aurantiacum recorded at five sites, followed by 
Maireana georgei, Maireana triptera and Sclerolaena diacantha, which were all recorded at four 
sites. Species richness was low at the waste landform sites with an average of four species per site 
compared to the analogue site which had a total of 17 species (Figure 13). There was variation in 
species richness between and within the different rehabilitation methods. Three of the four sites at 
which vegetation litter was applied had above average species richness (SR11, SR06 and SR07). This 
indicates that the application of vegetation litter may contribute to vegetation establishment either 
by providing seed that is not included in the seed mix or available in the soil seed bank, or by 
creating microhabitats suitable for seedling germination. The deep contour ripped sites (SR08 and 
SR12) and contour ripped sites (SR05 and SR09) that had no litter applied had the lowest species 
richness, and were consistently low between the paired treatments. At this early stage of the trial 
the application of fertiliser does not appear to have influenced species richness. 

Table 11: Family and taxon of species recorded at the waste landform rehabilitation monitoring sites. 

Family Taxon 

Asteraceae Sonchus oleraceus 

Amaranthaceae Ptilotus nobilis 

Chenopodiaceae Atriplex vesicaria 

Chenopodiaceae Maireana georgei 

Chenopodiaceae Maireana trichoptera 

Chenopodiaceae Maireana triptera 

Chenopodiaceae Rhagodia eremaea 

Chenopodiaceae Sclerolaena diacantha 

Fabaceae Acacia burkittii 

Fabaceae Acacia erinacea 

Poaceae Triodia sp. 

Zygophyllaceae Zygophyllum aurantiacum 

Zygophyllaceae Zygophyllum ?compressum 
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Figure 13: Total native species richness at the waste landform rehabilitation trial area sites and corresponding analogue 
site in 2016. Dashed line denotes mean species richness for the rehabilitation sites. 

3.3.2 Native Foliar Cover 

Native foliar cover was low at the rehabilitation sites with an average of 2.50%, with the analogue 
site exhibiting a cover of 11.42% (Figure 14). Cover varied between rehabilitation treatments and 
within treatments, with the highest cover (11.51%) recorded at SR06 (deeply vertically ripped with 
vegetation litter and fertiliser applied), marginally higher than the analogue site. Cover at SR06 was 
significantly higher than all other rehabilitation sites, except for SR11 and SR07. These two sites that 
were contour ripped with vegetation litter applied had the second highest cover respectively, with 
cover lower at the fertilised site (SR07). The lowest cover was recorded at the contour ripped sites 
(SR05 and SR09)  and the deep contour ripped sites (SR08 and SR12) where native cover was <1%. 
The dominant stratum contributing to the cover at the rehabilitation sites belonged to herb and low 
shrub species (Figure 15). SR05 and SR12 were the only sites to contain tall shrub species and mid 
shrub species were only recorded at SR06. However, these strata were not dominant. In comparison, 
the analogue site is dominated by tall, mid and low shrubs. 
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Figure 14: Mean native foliar cover (%) at the waste landform rehabilitation trial area sites and corresponding analogue 
site in 2016. Error bars denote 95% confidence intervals; dashed line denotes mean cover for the rehabilitation sites. 

 

Figure 15: Mean proportion of native foliar cover (%) per stratum at the waste landform rehabilitation trial area sites 
and corresponding analogue site in 2016. 

 



Polaris Metals Pty Ltd 
Carina Iron Ore Project – 2016 Rehabilitation Monitoring, December 2016 

 Page | 33 

3.3.3 Overstorey Species 

The abundance and cover of overstorey species was low at the rehabilitation sites in comparison to 
the analogue site. This is to be expected with young rehabilitation and species richness, cover and 
abundance is anticipated to increase as vegetation progresses. The only overstorey species recorded 
at the rehabilitation sites were seedling Eucalyptus species with a foliar cover of 0.1%. SR10 was the 
only site that did not have any overstorey species. Whereas the other site that was deeply vertically 
ripped with litter (SR06) had the highest abundance of eucalypts (Figure 16). The two deep contour 
ripped sites (SR08 and SR12) were both amongst the sites with the highest abundance of eucalypts. 
No seedlings were recorded at the analogue site; this site was dominated by mature Eucalyptus 
corrugata trees and some Santalum acuminatum, with a combined total foliar cover of 9.2%. 

 

Figure 16: Total abundance (number of individuals) of overstorey species at the waste landform rehabilitation trial area 
sites and corresponding analogue site in 2016. Dashed line denotes mean abundance of overstorey species for the 
rehabilitation sites. 

3.3.4 Weed Presence 

One weed species, common sowthistle, was recorded in all rehabilitation sites in 2016. This species 
was recorded in the overstorey quadrats only and not in any of the transects. The highest 
abundance was recorded at SR07 with 150 individuals recorded, and SR06 with 82 individuals (Figure 
17). Both of these sites had vegetation litter applied during the rehabilitation process. Conversely, 
one of the other sites (SR10) with vegetation litter applied had the lowest weed abundance with 
only one individual recorded. The cover of weeds at each site was low with only 0.1% recorded at 
each site. No weeds were recorded at the analogue site in 2016 or in 2015. 



Polaris Metals Pty Ltd 
Carina Iron Ore Project – 2016 Rehabilitation Monitoring, December 2016 

 Page | 34 

 

Figure 17: Total weed abundance (number of individuals) at the waste landform rehabilitation trial area sites and 
corresponding analogue site in 2016. Dashed line denotes mean weed abundance for the rehabilitation sites. 

3.3.5 Landform Stability 

The composite UAV orthoimagery and terrain model of the waste landform are presented in 
Figure 18. 

 

Figure 18: Comparison between the orthophoto and terrain model (hillshaded to improve visualisation) of the waste 
landform area captured from a UAV. 
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3.3.5.1 RPM Geometry – Batters 

Batters on the waste landform comprise approximately 56.11 ha of surface area. Batters reached a 
maximum height of 21.2 m, with an average of 12.9 m (Figure 19). A total of 33.04 ha (58.9%) of the 
batter face surface area was compliant with the waste landform design heights; a maximum of 22 m 
for the first lift and 10 m for successive lifts. A total batter face area of 23.06 ha (41.1%) remains 
uncompliant, with the middle batter (second lift) accounting for the majority of this uncompliant 
area. 

Batters reached a maximum angle of 17.8°, with an average of 13.8° (Figure 20). All measured areas 
fell within the compliant slope angle range of a maximum of 18°. 

 

Figure 19: Comparative illustration of batter lift height (m) against areas that are compliant with the waste landform 
design (maximum of 22 m for the first lift and 10 m for successive lifts). 

 

 

Figure 20: Comparative illustration of batter angle (degrees) against areas that are compliant with the waste landform 
design (maximum of 18°). 
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3.3.5.2 RPM Geometry – Berm 

Berms comprise approximately 6.89 ha of the surface area. Berm widths ranged between 3.18 m 
and 48.24 m, with a mean width of 16.58 m (Figure 21). Compliant sections with a minimum width 
of 10 m, accounted for 5.45 ha (79.2%) of the berms. Uncompliant sections are scattered across the 
berms, and account for the remaining 1.44 ha. These areas may be at increased risk of overtopping 
during high rainfall events. 

Berm slope angles ranged between 6.4° (sloping towards the waste landform centre) and -6.1° 
(sloping away from the waste landform centre) (Figure 22). Compliant berm slopes that slope 
towards the waste landform centre, account for only 1.06 ha (15.4%). The remaining berm area of 
5.83 ha (84.6%) slopes away from the centre of the waste landform. Having the berms slope away 
from the centre of the waste landform will increase the volume of water discharging over the lower 
batters which increases the erosion potential. 

 

Figure 21: Comparative illustration of berm width (m) against areas that are compliant with the waste landform design 
(minimum of 10 m). 

 

 

Figure 22: Comparative illustration of berm slope angle (degrees) against areas that are compliant with the waste 
landform design (slope towards the centre of the waste landform feature). 
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3.3.5.3 RPM Stability – Erosion 

Analysis of the waste landform batters identified only one erosion gully which was located in the 
rehabilitation trial area site SR11 (Figure 23). This gully had of length of 31.31 m, a mean depth of 16 
cm and a maximum depth of 40 cm (Table 12). The gully occupied only 0.003 ha, accounting for less 
than 0.01% of the batter face, but 1.24% of the site SR11. 

 

Figure 23: Illustration of the gully depth, structure and location on the waste landform rehabilitation trial area site SR11. 

Table 12: Erosion characteristics of the gully formation at SR11. 

Site Eroded surface area (total 
m2 (proportion of site)) 

Eroded volume 
(m3) 

Mean depth 
(m) 

Maximum 
depth (m) 

Mean length 
(m) 

SR11 29.39 (1.24%) 4.84 0.16 0.40 31.31 

3.3.5.4 Trial Area 

The waste landform 2015 trial area is situated upon the south-east faces of the two lowest batters 
(Figure 24). Both batter faces exhibited approximately the same lift height (Table 13). The middle 
batter (lift two) however, exhibits an acuter angle as compared against the lower batter (lift 1) 
(mean average of approximately 1.19° greater). The maximum recorded slope angle for the lower 
batter (lift 1) does not exceed the average middle batter (lift 2) slope angle. The difference in angle is 
reflected in the slope length of the two batters, with the shallower lower batter (lift 1) having longer 
slope lengths. 
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Figure 24: Waste landform rehabilitation trial area seeded in 2015. 

Table 13: Characteristics of the waste landform 2015 rehabilitation trial areas. 

Batter 
Mean 
height 
(m) 

Max. 
height 
(m) 

Min. 
height 
(m) 

Mean 
slope 
angle (°) 

Max. 
slope 
angle (°) 

Min. 
slope 
angle (°) 

Mean 
slope 
length 
(m) 

Max. 
slope 
length 
(m) 

Min. 
slope 
length 
(m) 

Middle 
(l ift 2) 15.59 16.03 15.09 14.81 15.57 14.27 61.02 62.98 58.98 

Lower 
(l ift 1 ) 15.40 16.14 14.71 13.62 14.41 12.87 65.42 67.09 61.94 
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3.3.5.5 RPM Geometry – Trial Batter Ripping 

Batter ripping has been performed at each of the eight trial sites (Figure 25). Six sites exhibit ripping 
along the batter contour, four of which are deeply contour ripped (SR07, SR08, SR11 and SR12), 
while the remaining two are shallow contour ripped (SR05 and SR09). According to the trial design 
areas SR07 and SR11 should have been shallow ripped on the contour (Table 2). However, 
monitoring indicates that these have been deep ripped similar to areas SR08 and SR12. The last two 
trial sites (SR06 and SR10) exhibit down slope batter ripping, consistent with the trial area design 
(Table 2). 

Batter ripping analyses of the two shallow ripped batter faces (SR05 and SR09) were unsuccessful 
due to the density of the point cloud. The point cloud density, despite its high volume of points, 
could not robustly and consistently delineate very fine scale ripping edges upon the shallow ripped 
batter faces. Batter ripping analyses were therefore constrained to the remaining four sites with 
deep contour ripping; SR07, SR08, SR11 and SR12 (Figure 26). 

The gully formation at SR11 is immediately noticeable and breaches the ripping over a length of 
approximately 31.31 m. Overall, trial SR12 outperformed all other trials with regard to rip line 
stability, which is shown by the majority of the rip lines having low deviation from the contour 
(Figure 26). Site SR07 performed the worst. 

A statistical analysis of the batter ripping deviation between the four trials identified a significant 
effect of rehabilitation treatment. Figure 27 illustrates the results of an additional post-hoc analysis. 
A significant difference (with 95% CI) between the mean batter ripping deviation was detected for all 
pairwise comparisons, with the exception of SR11 to SR08 which were not significantly different 
from zero. Despite no significant difference between pair SR08 and SR11, the analysis is performed 
only upon measureable ripping lines, and does not take into consideration areas removed by gully 
formation. Further examination of significant pairings reveals sites with no litter (SR08 and SR12) 
outperformed sites with litter (SR07 and SR11). 
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Figure 25: The eight waste landform rehabilitation trial area established in 2015. 

 

Figure 26: Batter ripping deviation of the four deep contour batter ripping trials; SR07, SR08, SR11 and SR12. 
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Figure 27: Post-hoc pairwise comparisons of the four deep contour batter ripping trials; SR07, SR08, SR11 and SR12. 
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4 Conclusions 

Native perennial vegetation at the road infrastructure rehabilitation sites had progressed in 2016 
with a slight increase in cover since 2015. However, cover continues to be significantly lower than 
the analogue sites. If an increasing trend in native cover continues over time, we would expect this 
difference to decline as the rehabilitation progresses. Based on the increase in vegetation cover 
between 2015 and 2016, it would appear that the rehabilitation is progressing well. A limitation of 
the monitoring program is the minimal rehabilitation data that is measured at the photographic 
sites. This makes it difficult to conclude if Polaris are successfully working towards meeting the 
conditions of Ministerial Statement 852 (MS852). However, the weed related conditions have not 
been met in 2016 with the presence of a single common sowthistle individual at PR08. 

At the rehabilitated borrow pits, native cover was also lower than the analogue sites, however this 
difference was not statistically significant. Only two rehabilitation sites increased in native cover 
between 2015 and 2016, the remaining two sites and all analogue sites exhibited a decrease in 
cover. With only two years of data, this is not a conclusive trend and is likely a result of dry seasonal 
conditions at the time of the 2016 survey. The composition of native cover by stratum is different 
between the rehabilitation and analogue sites, with low understorey species dominating the 
rehabilitation. With the young age of the rehabilitated borrow pits, we would expect to see this 
difference diminish over time as natural vegetation succession progresses. In terms of species 
richness, the rehabilitated borrow pit sites are progressing well at this early stage, with more species 
than the analogue sites and having doubled since 2015. Although the borrow pits have more species, 
they are dominated by low understorey species, compared to the dominant mid and tall shrubs at 
the analogue sites. Overall, there is no difference in species dominance between the rehabilitation 
and analogue sites, and between years; the contribution to native cover from different species is 
comparable. There is minimal overstorey cover at the rehabilitated borrow pits, which is to be 
expected with young rehabilitation. However, abundance of overstorey individuals by this stage 
should be similar to analogue sites. This is the case for all sites except SR02, which has a very low 
abundance of overstorey tree species, yet a high richness of other species, such as shrubs. Overall, 
the 2016 monitoring survey has demonstrated that the rehabilitated borrow pits are progressing 
towards meeting the conditions of MS852 and achieving self-sustaining vegetation comparable to 
the analogue sites. 

The waste landform rehabilitation trial area was seeded in 2015 and the first year of monitoring 
undertaken during this survey in December 2016. Vegetation establishment is in the very early 
stages and as such, we can’t yet address progress towards meeting the conditions of MS852. 
Continued monitoring will allow for these assessments to be made. However the presence of weeds 
at all rehabilitation sites and not within the analogue site indicates that the weed conditions of 
MS852 have not been met in 2016.  

Of the different rehabilitation trial areas, the sites that were deeply contour ripped with vegetation 
litter applied (SR11 and SR07)  had good native species richness and cover. However, these two sites 
were the least stable with signs of widespread erosion throughout the site, including a large gully at 
SR11. One of the sites (SR06) that was deeply vertically ripped with vegetation litter applied had 
good native species richness and cover. The best method of rehabilitation can not yet be determined 
at this early stage of monitoring, however it would appear that the application of vegetation litter 
contributes to vegetation growth, but compromises the stability of the landform. The two sites that 
were deeply contour ripped without litter (SR08 and SR12) were the most stable, compared to those 
with vegetation litter applied that were also shown to be deeply contour ripped. The application of 
fertiliser does not appear to have a consistent impact on vegetation growth. 
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The compliance of the waste landform was compared against the proposed design parameters 
through the use of Astron’s RPM. Of possible concern is the height of the central batter level 
exceeding the proposed height limit of 10 m. The berm angles were uncompliant across 85% of the 
waste landform with most areas sloping away from the centre of the landform presenting an 
increased erosion risk. Berm widths may also represent a source of concern, with scattered pockets 
of uncompliant widths accounting for over 20% of berm area. However, RPM also detected full 
compliance of batter slope angles across the entire waste landform, as well as the detection of only 
a single, significant erosion gully at SR11. 

Surface erosion results of the on-ground field and remote sensing component, highlights the 
differing scales the two techniques operate at. On-ground surveys provide precise localised 
measurements that can accurately detect the formation of very small gullies and rills. Such surveys 
remain ideal for focused areas such as the trial areas delineated within this project. Extrapolating a 
limited number of surveys across an entire waste landform may however, prove unrepresentative 
and may miss key localised features. Remote sensing represents a more suitable method for broader 
scale investigations. The contiguous nature of remote sensing data allows an entire site to be 
acquired at a more generalised level. By sacrificing the precision of on-ground surveys, an entire 
census of a waste landform structure can be quickly and accurately obtained through RPM. 
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5 Recommendations 

Polaris should consider undertaking monitoring in spring rather than summer when seasonal 
conditions are typically optimal for peak vegetation growth. This will help gain a more accurate 
understanding of the established vegetation at the rehabilitation sites. Weed control activities 
should continue to be undertaken at the rehabilitated borrow pit sites to limit the spread and 
proliferation of common sowthistle. Further, weed control should also be conducted at the waste 
landform rehabilitation sites where common sowthistle was abundant. Weed control may also be 
required at the remainder of the waste landform. Adequate weed control is vital in the early stages 
of rehabilitation to ensure the establishment of native vegetation is not inhibited by the dominance 
of weeds. 

Further recommendations on the monitoring design and parameters have been provided to Polaris 
in a separate letter. 
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Appendix A: Monitoring site location maps 
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Figure A.1: Rehabilitation monitoring site locations (northern operations)
Author: S. Moore Date: 07-02-2017 Coordinate Sy stem : GDA 1994 MGA Zone 51
Draw n: T. Pedersen Figure Ref: 13029-16-ENV DR-2RevA_170207_AppA1
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Appendix B: Vegetation classification, condition scales and 
rehabilitation condition rating 
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Table B. 1: National Vegetation Information System classification (Department of Environment and Heritage 2016a). 

Foliage cover 70 to 100 30 to 70 10 to 30 5 to 10 0 to 5 ≈0 

Crown cover 80 to 100 50 to 80 20 to 50 0.25 to 20 0 to 5 <0.25 

Percentage  
cover 

80 to 100 50 to 80 20 to 50 0.25 to 20 0 to 5 <0.25 

Growth form Structural formation classes 

Tree, palm Closed forest Open forest Woodland Open 
woodland 

Isolated clumps 
of trees 

Isolated 
trees 

Tree mallee Closed  
mallee forest 

Open mallee 
forest 

Mallee 
woodland 

Open mallee 
woodland 

Isolated clumps 
of mallee trees 

Isolated 
mallee 
trees 

Shrub Closed 
shrubland Shrubland 

Open 
shrubland 

Sparse 
shrubland 

Isolated clumps 
of shrubs 

Isolated 
shrubs 

Mallee shrub 
Closed  
mallee 
shrubland 

Mallee 
shrubland 

Open mallee 
shrubland 

Sparse mallee 
shrubland 

Isolated clumps 
of mallee 
shrubs 

Isolated 
mallee 
shrubs 

Heath shrub Closed 
heathland Heathland 

Open 
heathland 

Sparse 
heathland 

Isolated clumps 
of heath shrubs 

Isolated 
heath 
shrubs 

Chenopod 
shrub 

Closed 
chenopod 
shrubland 

Chenopod 
shrubland 

Open 
chenopod 
shrubland 

Sparse 
chenopod 
shrubland 

Isolated clumps 
of chenopod 
shrubs 

Isolated 
chenopod 
shrubs 

Samphire 
shrub 

Closed 
samphire 
shrubland 

Samphire 
shrubland 

Open 
chenopod 
shrubland 

Sparse 
chenopod 
shrubland 

Isolated clumps 
of chenopod 
shrubs 

Isolated 
chenopod 
shrubs 

Hummock 
grass 

Closed 
hummock 
grassland 

Hummock 
grassland 

Open 
hummock 
grassland 

Sparse 
hummock 
grassland 

Isolated clumps 
of hummock 
grasses 

Isolated 
hummock 
grasses 

Tussock grass 
Closed  
tussock 
grassland 

Tussock 
grassland 

Open tussock 
grassland 

Sparse tussock 
grassland 

Isolated clumps 
of tussock 
grasses 

Isolated 
tussock 
grasses 

Sedge Closed 
sedgeland Sedgeland Open 

sedgeland 
Sparse 
sedgeland 

Isolated clumps 
of sedges 

Isolated 
sedges 

Rush Closed 
rushland Rushland 

Open 
rushland 

Sparse 
rushland  

Isolated clumps 
of rushes 

Isolated 
rushes 

Forb Closed 
forbland Forbland 

Open  
forbland 

Sparse 
forbland 

Isolated clumps 
of forbs 

Isolated 
forbs 

Fern Closed 
fernland Fernland 

Open  
fernland 

Sparse 
fernland 

Isolated clumps 
of ferns 

Isolated 
ferns 

Vine Closed 
vineland Vineland 

Open  
vineland 

Sparse  
vineland 

Isolated clumps 
of vines 

Isolated 
vines 
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Table B. 2: Summary of vegetation condition scale, as adapted by Trudgen (1988). 

Vegetation condition Condition description 

Excellent 
Pristine or nearly so, no obvious signs of damage caused by human activities since 
European settlement. 

Very Good 

Some relatively slight signs of damage caused by human activities since European 
settlement. For example, some signs of damage to tree trunks caused by repeated 
fire, the presence of some relatively non-aggressive weeds, or occasional vehicle 
tracks. 

Good 
More obvious signs of damage caused by human activity since European 
settlement, including some obvious impact on the vegetation structure such as that 
caused by low levels of grazing or sl ightly aggressive weeds. 

Poor 
Still retains basic vegetation structure or ability to regenerate to it after very 
obvious impacts of human activities since European settlement, such as grazing, 
partial clearing, frequent fires or aggressive weeds.   

Very Poor 

Severely impacted by grazing, very frequent fires, clearing or a combination of 
these activities. Scope for some regeneration but not to a state approaching good 
condition without intensive management.  Usually with a number of weed species 
present including very aggressive species. 

Completely Degraded 
Areas that are completely or almost completely without native species in the 
structure of their vegetation; i .e. areas that are cleared or ‘parkland cleared’ with 
their flora comprising weed or crop species with isolated native trees or shrubs. 
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Table B. 3: Rehabilitation condition rating 

Attribute Rating    

Erosion 

Extensive rills or 
gull ies 

Moderate ri lls or 
gull ies 

Scattered ri lls or 
gull ies No erosion 

4 3 2 1 

Disturbance 

Extensive 
disturbance (>40% 
of site affected) 

Moderate 
disturbance (10-
40% of site 
affected) 

Extensive 
disturbance (<10% 
of site affected) 

No disturbance 

4 3 2 1 
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Appendix C: Monitoring site photographs 
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Table C. 1: Borrow pit rehabilitation photographs taken from the start of each transect. 

SR01 – Transect 1 SR01 – Transect 2 

  
SR02 – Transect 1 SR02 – Transect 2 

  
SR03  

 

Not applicable 

SR04 – Transect 1 SR04 – Transect 2 
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Table C.2: Waste landform rehabilitation trial areas photographs taken from the start of each transect. 
 

SR05 SR06 

  
SR07 SR08 

  
SR09 SR010 

  
SR11 SR12 
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Table C.3: Control site photographs taken from the start of each transect. 

SC01 SC02 

  
SC03 SC04 

  
SC05  
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Table C. 4: Road infrastructure photographs. 

PR01 PR02 

  
PR03 PR04 

  
PR05 PR06 

  
PR07 PR08 
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PR09 PC01 

  
PC02 PC03 

  
PC04 PC05 

  
PC06  
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