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 DEFINITIONS 

Term Definition 

aff. Affinitive 

Atlas Atlas Iron Pty Ltd 

BAM Biosecurity and Agriculture Management 

CANBR Centre for Australian National Biodiversity Research  

cm Centimetre 

DAF Department of Agriculture and Food 

DBCA Department of Biodiversity Conservation and Attractions 

DoE Department of the Environment 

DPaW Department of Parks and Wildlife 

e.g. For example 

EPA Environmental Protection Authority 

EPBC Environment Protection and Biodiversity Conservation 

ESCAVI Executive Steering Committee for Australian Vegetation Information 

et al. And others 

GDA Geocentric Datum of Australia 

GIS Geographic Information System 

GPS Global Positioning System 

ha Hectare 

IBRA Interim Biogeographic Regionalisation for Australia 

INDVAL A statistical method for analysing indicator species (indicator value) 

JUICE Software package for editing and analysing phytosociological (plant community) data 

km Kilometre 

m Metre 

mm Millimetre 

NVIS National Vegetation Information System 

No. Number 

OptimClass A method of numerical classification to identify optimal partition from a series of partitions 
of the same set of sites 

PC-ORD Software package for multivariate statistical analysis of ecological communities 

PEC Priority Ecological Community 

Pers. comm. Personal communication 

Pty Ltd Proprietary Limited 

sp. Species 

TEC Threatened Ecological Community 

UCL Unallocated Crown Land 

UPGMA Unweighted Pair-Group Method using Arithmetic Averages – a hierarchical clustering 
method 

VT Vegetation Type 

WA Western Australia 

WA Herb. Western Australian Herbarium 

WC Wildlife Conservation 

Woodman 
Environmental 

Woodman Environmental Pty Ltd 
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 EXECUTIVE SUMMARY 

Atlas Iron Pty Ltd (Atlas Iron) is currently in the process of developing the Sanjiv Ridge Project 
(formerly known as the Corunna Downs Project), an iron ore project located in the Pilbara 
region of Western Australia, approximately 33 km south of Marble Bar and 150 km south-east 
of Port Hedland.  This report presents the results of both the desktop and field survey 
components of the 2014 and 2016 detailed surveys of the Study Area and the targeted search 
for significant Flora Taxa conducted in 2020.   
 
A total of 413 discrete vascular flora taxa, one known hybrid and one putative hybrid were 
recorded within the Study Area.  Seventeen taxa recorded in the Study Area are considered 
to be significant flora taxa.  This includes 11 DBCA-classified Priority flora taxa, three 
potentially undescribed taxa, two taxa whose records are significantly disjunct from their 
known distributions and one taxon considered of taxonomic interest.  A targeted search was 
conducted within the Stage 2 Development Envelope, with targeted survey also conducted in 
proposed pit areas in 2016.  None of the significant taxa are considered to have been 
comprehensively surveyed for in the remainder of the Study Area, although some 
opportunistic searching was undertaken for particular taxa.  It is considered likely that further 
locations of the majority of significant flora taxa would be found in the Study Area if targeted 
survey was undertaken.   
 
A total of 18 introduced flora taxa were recorded by the survey of the Study Area.  Records of 
such taxa were often associated with drainage features that appear to be grazed by cattle in 
preference to other areas.  None of the introduced flora recorded in the Study Area are 
currently listed as Declared Pests in Western Australia (DPIRD 2020). 
 
The floristic analysis of quadrat data from the Study Area identified 13 VTs that were then 
manually dissected to identify 15 VTs.  Of the 15 VTs mapped within the Study Area, none are 
considered to represent any TECs as classified by DBCA and endorsed by the Western 
Australian Minister for Environment, any TECs listed under the EPBC Act, or any PECs as 
classified by DBCA.  Eight VTs are considered to be of local significance, primarily because of 
their limited extent in the Study Area and also because they form habitat for conservation 
significant flora.  Of these, four VTs are also considered to be potentially regionally significant.   
 
The majority of the vegetation in the Study Area was ranked as being in Excellent condition, 
with little to no human disturbance and an absence or low levels of introduced flora taxa.  
However, the majority of larger drainage features, including creeks and flow lines, had lower 
condition scores as a result of high densities of aggressive introduced species and high grazing 
and trampling impacts from cattle.  There was a general trend towards poorer vegetation in 
drainage features in the south-western corner of the Study Area and also in closer proximity 
to Marble Bar in the north, with grazing impacts in drainage features appearing higher than 
in most other parts of the Study Area.   
 
Based on the presence of the obligate phreatophytes Melaleuca argentea and Eucalyptus 
camaldulensis, as well as the facultative phreatophyte Eucalyptus victrix, and the potential 
facultative phreatophytes Melaleuca glomerata and Atalaya hemiglauca, there is the 
potential that all areas of vegetation in the Study Area mapped as VT 3, 4, 8, 14 and 15 are 
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groundwater dependent.  As VT 3 typifies deep rocky gorges it is likely to rely upon perched 
water stores, and is therefore potentially not groundwater dependent.  However, two 
locations of VT3 within the Stage 2 Development Envelope where the obligate phreatophyte 
Melaleuca argentea and Eucalyptus camaldulensis subsp. refulgens (only in one location) 
were recorded are considered to be groundwater dependant.  
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1 INTRODUCTION 

1.1 Project and Study Area Description 

Atlas Iron Pty Ltd (Atlas Iron) is currently in the process of developing the Sanjiv Ridge Project 
(formerly known as the Corunna Downs Project), an iron ore project located in the Pilbara 
region of Western Australia, approximately 33 km south of Marble Bar. As part of 
investigations into the development of the Project to mine iron ore, Woodman Environmental 
Consulting Pty Ltd (Woodman Environmental) conducted a Level 2 flora and vegetation survey 
of the original Project Study Area (‘original Study Area’) in 2014.  The area mapped in 2014 
covered an area of approximately 19,095 ha with the field work conducted during April and 
May of that year (Woodman Environmental 2014a).   
 
Following revision of the project layout, it was determined that flora and vegetation survey 
was required over a larger area.  In 2016 Atlas commissioned Woodman Environmental to 
undertake a Level 2 (EPA 2004) flora and vegetation assessment of the extension areas, and 
any additional work required to inform impact assessment within the original Study Area with 
respect to flora and vegetation, incorporating the 2014 and 2016 results.  
 
Atlas Iron is now progressing early works to support Stage 2 of the Sanjiv Ridge Project 
(referred to as the Stage 2 Development Envelope in this report), which includes the above 
water table mining of an additional ore body (Glen Herring deposit), and additional 
infrastructure including the development of an additional waste rock dump and connecting 
haul road. The Stage 2 Development Envelope (Figure 1) is encompassed within the Sanjiv 
Ridge Project Study Area (Woodman Environmental 2016) and covers approximately 245 ha. 
 
The entire Project Study Area is referred to as the ‘Study Area’ in this report.  The current 
extent of the Study Area (subject to surveys in 2014 and 2016) and the Stage 2 Development 
Envelope (subject to survey in 2020) is shown on Figure 1. 
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1.2 Level of Survey 

The 2014 and 2016 flora and vegetation assessments were undertaken as per the 
requirements of Level 2 Detailed survey as defined by the Environmental Protection Authority 
(EPA) (2004) technical guidance, which was relevant at the time of survey. These surveys were 
broadly equivalent to a Detailed Survey as defined by EPA’s Technical Guidance - Flora and 
Vegetation Surveys for Environmental Impact Assessment (EPA 2016). 
 
A Level 2 Detailed Survey was defined as a background research/desktop study and 
reconnaissance survey, followed by a detailed field survey.  This level of survey was 
considered appropriate, as a number of surveys had been recently conducted in the vicinity 
of the Study Area (e.g. Woodman Environmental 2012a, 2012b; 2013a; 2014b, 2014c), which 
provided regional context when considering the flora and vegetation values of the Study Area.   
 
Based on the above information, the Stage 2 Development Envelope has been assessed 
adequately for vegetation issues. However, since no Targeted flora survey had been 
conducted within the Stage 2 Development Envelope (Woodman Environmental 2016), 
knowledge of the extent of populations of conservation significant flora was deemed lacking, 
and it is likely that the Stage 2 Development Envelope had not been assessed for the presence 
of conservation significant flora to a level adequate to address current EPA (2016) 
requirements. A Targeted Flora Survey as per EPA (2016) was conducted in April 2020 to 
determine the presence and the extent of conservation significant flora taxa populations 
within the Stage 2 Development Envelope. 
 

Based on the presence of obligate and facultative phreatophytes, the 2016 survey identified 
a number of Vegetation Types (VTs) as potential Groundwater Dependant Vegetation (GDVs). 
Ground truthing of the potential GDVs occurring within the Stage 2 Development Envelope 
was also conducted during the survey conducted in 2020 to determine the presence of GDV. 
 
This report presents updated results of the desktop investigation of the Study Area, the field 
survey components of the 2014 and 2016 detailed surveys and the Targeted Flora Search and 
ground truthing of GDVs conducted within the Stage 2 Development Envelope in 2020.  

1.3 Aims 

The aim of the flora and vegetation assessment in 2014 was to determine the flora and 
vegetation values of the Study Area, and to provide baseline information to support impact 
assessment and management of the environment for future mining activities.  The overall 
objectives of the flora and vegetation assessment were to: 
 

• Compile a list of flora taxa (native and introduced) that occur within the Study Area; 

• Identify and record the locations of flora taxa that occur within the Study Area that 
are one of the following (hereafter referred to as significant flora taxa): 
o Listed Threatened Species under the Commonwealth Environment Protection 

and Biodiversity Conservation Act 1999 (EPBC Act); 
o Threatened Flora under the Western Australian Wildlife Conservation Act 1950 

(WC Act); and  
o Priority Flora taxa as classified by the Western Australian (WA) Department of 

Parks and Wildlife (DPaW); 
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o Other significant flora taxa as defined by the EPA (2004). 

• Identify and map the location of all Vegetation Types (VTs) that occur within the Study 
Area; 

• Assess the condition of the vegetation within the Study Area; 

• Identify and map the location of VTs that occur within the Study Area that are listed 
as one of the following (herein referred to as significant vegetation): 

o Threatened Ecological Community (TEC) under the EPBC Act;  
o TEC as classified by DPaW and endorsed by the WA Minister for the 

Environment; and 
o Priority Ecological Community (PEC) as classified by DPaW. 

 
Additional work was required in 2016 to inform an impact assessment.  In addition to 
surveying of the extension area, the 2016 assessment aimed to resolve potentially 
undescribed taxa identified in 2014 that may be at risk of impact from mining operations.  The 
overall objectives of the resolution of undescribed taxa were to: 
 

• Conduct discussions with the appropriate staff at the WA Herbarium regarding the 
taxonomic status of the potential new taxa Abutilon aff. hannii, Portulaca sp. and 
Schoenus sp. Marble Bar (D. Coultas & S. Coultas DCSC-Opp 07) (recently described as 
a new species and named Schoenus coultasii) (Western Australia Herbarium 1998-).  

• Depending upon the outcome of the resolution of these taxa, undertake surveys in 
appropriate areas (dependent upon habitat, and location of impact areas on habitat) 
within the original 2014 survey area, as well as in appropriate areas within the new 
areas requiring survey (infrastructure extension area and haulage route - 2016 Study 
Area). 

 
The objectives of the Targeted Flora Survey (as per EPA 2016) conducted in 2020 were:  

• Determine the presence and the extent of conservation significant flora taxa 
populations within the Stage 2 Development Envelope. 

• Ground truth potential Groundwater Dependant Vegetation occurring within the 
Stage 2 Development Envelope. 

• Review existing VT mapping for the Stage 2 Development Envelope and amend where 
necessary. 

 



Atlas Iron Pty Ltd Sanjiv Ridge Project 
 Updated Flora and Vegetation Assessment 

 
  5 

2 BACKGROUND AND LITERATURE REVIEW 

2.1 Study Area 

The Study Area (Figure 1) covers approximately 26,021.8 ha.  The majority of the Study Area 
consists of remnant vegetation, with a small number of cleared areas present, including roads, 
drill lines and tracks.  The Study Area is predominantly located on the Panorama and Eginbah 
Pastoral Leases, with a small portion near the eastern boundary and the northern section of 
the Stage 1 haulage route located on Unallocated Crown Land (UCL).  The Stage 2 
Development Envelope is encompassed within the Sanjiv Ridge Study Area (Woodman 
Environmental 2016) and covers approximately 245 ha (Figure 1).  The Desktop Study Area, 
for interrogation of databases and searches for relevant literature, includes a 40 km buffer of 
the Study Area.  

2.2 Climate 

The Study Area is located within the Pilbara region in the Arid Zone of Western Australia, and 
is classified as desert due to low, erratic rainfall (Beard 1990).  The Pilbara region experiences 
an arid tropical climate with predominantly Summer rainfall (Beard 1990) and is strongly 
influenced by ‘Summer’ (December – April) cyclones.  The prevalence of such cyclonic events 
results in the Pilbara receiving slightly higher average annual rainfall (250-300 mm) than the 
remainder of the Arid Zone.  Figure 2 displays average monthly and long-term maximum 
temperatures, and average long term and monthly rainfall, recorded for Marble Bar, the 
nearest meteorological station to the Study Area (Bureau of Meteorology 2020). 
 
The highest average daily maximum temperature at Marble Bar occurs in November, 
December and January (40.8, 42 and 40.7 °C respectively (data from 2000-2020)).  The 
average annual rainfall for this station is 392.7 mm (data from 2000-2020).  Average monthly 
rainfall peaks in Summer, particularly January to March, with rainfall strongly influenced by 
tropical cyclones which generally form between December and April.   
 
Rainfall received at Marble Bar over the Summer ‘wet season’ period prior to the 2014 survey 
being conducted (December 2013 to March 2014) exceeded the average rainfall for this 
period, with 477 mm received compared to the average of 273.9 mm for the same months.  
Rainfall at nearby Hillside Station from December 2015 to March 2016 prior to the 2016 
survey measured 185 mm, being lower than the average of 243.8 mm for the same months 
and much lower than the same period in 2014.  The Marble Bar meteorological station 
appears to have not been functioning properly for the first few months of 2016, hence not 
presenting Summer rainfall for this station.  Tropical cyclone Stan passed to the east of Marble 
Bar on 31st January 2016 however did not produce significant rainfall for Marble Bar (Bureau 
of Meteorology 2016). 
 
Rainfall received at Marble Bar over the Summer ‘wet season’ period prior to the 2020 survey 
(April 2020) exceeded the average rainfall for this period, with 358.4 mm received compared 
to the average of 299.3 mm for the same months (Bureau of Meteorology 2020). The 
increased level of rainfall for this period was due to heavy rainfall associated with Tropical 
Cyclone Blake (Bureau of Meteorology 2021).  
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Figure 2: Mean Monthly and Long Term Maximum Temperatures (° Celsius) and Mean 
Monthly and Long Term Rainfall (mm) for Marble Bar (Bureau of 
Meteorology 2020) 

2.3 Geology, Soils and Landforms 

The Study Area is located in the Pilbara region (Fortescue Botanical District), which is formed 
of a basement of Archaean rocks, overlain by massive deposits of Proterozoic sediments and 
volcanics (Beard 1990).  This region is generally mountainous, rising to  
1250 m, with hard alkaline red soils on plains and pediments, and shallow and skeletal soils 
on ranges.  The Study Area traverses two physiographic regions as defined by Beard (1975); 
the Abydos Plain and the Gorge Ranges.   
 
The Abydos Plain is alluvial in origin near the coast, however further inland is of Archaean 
granite origin. It consists of a variety of features including alluvial plains, pediplains, low stony 
hills and dissected pediments, low granite outcrops and tors, and basic dykes.  It is divided 
into a number of isolated sections by the Gorge Ranges.  The main soils are hard alkaline red 
soils, some areas with coarse textured A horizons to 45 cm thick, while other areas have 
shallow stony A horizons.  Patches of calcrete also occur.  On the eastern part of the plain 
near the De Grey River, the soils are chiefly neutral and acidic red earths, while on the inland 
plains behind the Gorge Ranges, chief soils are earthy loams and coarse sands overlying 
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granite within 90 cm of the soil surface.  The alluvial plains along the coast generally consist 
of red earthy sands with extensive areas of red earths, and hard red soils along creek lines.  
Deep cracking clays occur in the vicinity of residuals of basic and ultrabasic rocks in the 
Roebourne area (Beard 1975). 
 
The Gorge Ranges are a rough, steep and abrupt range dissected by a number of rivers 
through narrow gorges.  These ranges consist of Archaean and Lower Proterozoic rocks of 
sedimentary and volcanic origin, with basic lavas along with dolomites, tuff, banded-iron 
formations and dolerite dykes, with some narrow valley-plains and high-level gently 
undulating areas of limited extent (Beard 1975).  The soils are generally shallow and stony, 
with large areas without soil cover.  Chief soils are brown loams with significant areas of 
earthy loams soils, with hard alkaline red soils occurring on lower slopes, and cracking and 
non-cracking clays on valley floors. 

2.4 Regional Vegetation 

The Study Area is located in the Pilbara Interim Biogeographic Regionalisation for Australia 
(IBRA) Region, specifically the PIL1 Chichester subregion (Commonwealth of Australia 2012).   
The Chichester IBRA subregion comprises the northern section of the Pilbara Craton and 
consists of undulating Archaean granite and basalt plains and ranges.  The plains contain a 
shrub steppe characterised by Acacia inaequilatera over Triodia wiseana hummock 
grasslands, while Eucalyptus leucophloia tree steppes occur on the ranges.  Drainage occurs 
to the north via numerous rivers including De Grey, Oakover and Nullagine.  The land is 
primarily used for native pasture grazing (Kendrick & McKenzie 2001).   
 
Beard mapped the vegetation of the Pilbara Region at a scale of 1:1 000 000 (Beard 1975).  As 
previously mentioned, the Study Area traverses the Abydos Plain and Gorge Ranges 
physiographic regions within the Pilbara region.   
 
The Abydos Plain is characterised by four broad associations: Shrub steppe, Dwarf-shrub 
steppe, Grass plains and the Coastal Complex.  Of these, shrub steppe is the only association 
relevant to the Study Area.  Shrub steppe is the main community of the granite plain, which 
is dominated by the Acacia pyrifolia-Triodia pungens association, with hummock grasses 
dotted with widely-spaced shrubs.  The plain is broken by stony rises and hills with small 
ranges, with Triodia pungens usually replaced by T. wiseana, T. longiceps or T. angusta, with 
scattered shrubs.  Larger ranges tend to possess little else but Triodia, with only a few 
scattered shrubs.  Major creeks and rivers are wooded with Eucalyptus camaldulensis and 
Melaleuca leucadendron (now considered to represent M. argentea) (Beard 1975).   
 
The George Ranges are covered with tree steppe on the rockiest parts, often with the trees 
rather sparse.  The dominant tree species is Eucalyptus brevifolia (now referred to as E. 
leucophloia), with the hummock grasses a mixture of Triodia pungens and T. brizoides.  This 
is replaced on the lower slopes and in valleys by shrub steppe of Acacia bivenosa and Triodia 
pungens, with A. pyrifolia replacing A. bivenosa in the valleys (Beard 1975). 
 
Shepherd et al. (2002) mapped and described vegetation system associations in the 
Chichester IBRA subregion related to physiognomy, utilising mapping undertaken by Beard 
(1975).  Vegetation system associations were described at a scale of 1:250,000.  Six vegetation 
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system associations occur in the Study Area, as summarised in Table 1 and shown on Figure 
3; one of these (George Ranges_82) occurs over the Stage 2 Development Envelope. 
 
Table 1 presents the current extent of each vegetation system association in relation to its 
pre-European extent, and the percentage of the current extent of each vegetation system 
association currently protected for conservation (in DBCA-managed land) (Government of 
Western Australia 2019).  All six vegetation system associations have been subject to very 
limited clearing, with less than 1 % of each vegetation system association having been cleared 
since European settlement (Table 1).  However, little or none of each vegetation system 
association is protected for conservation.   

Table 1: Extent of Vegetation System Associations within the Study Area 
(Government of Western Australia 2019) 

Vegetation 
System 
Association 

Description Current 
Extent (ha) 

Percentage of 
Pre-European 

Extent 
Remaining 

Percentage of 
Current Extent 
Protected for 
Conservation 

Abydos Plain_93 Hummock grasslands, shrub steppe; 
kanji over soft spinifex 

432,038.31 99.94 0 

Abydos Plain- 
Chichester_93 

Hummock grasslands, shrub steppe; 
kanji over soft spinifex 

2,478,504.08 99.86 0.54 

George 
Ranges_82 

Hummock grasslands, low tree 
steppe; snappy gum over Triodia 
wiseana 

316,855.10 99.90 0 

George 
Ranges_171 

Hummock grasslands, low tree 
steppe; snappy gum over soft 
spinifex & Triodia brizoides 

269,728.32 99.52 0 

George 
Ranges_587 

Mosaic: Hummock grasslands, open 
low tree-steppe; snappy gum over 
Triodia wiseana / Hummock 
grasslands, shrub-steppe; kanji over 
Triodia pungens 

103,444.39 99.99 0 

George 
Ranges_619 

Medium woodland; river gum 
(Eucalyptus camaldulensis) 

4,402.59 100 0 

 
In 2004, the Department of Agriculture described land systems within the Pilbara IBRA region, 
considering general ecological information, vegetation physiognomy and composition, 
patterns of variation, conservation status, gradational association and land system 
representation (Van Vreeswyk et al. 2004).  Eight land systems occur within the Study Area 
(Table 2), with the Stage 2 Development Envelope occurring on the Capricorn Landsystem.  
None of these landsystems are considered to be of conservation significance (DBCA 2020a). 

Table 2: Land Systems Located within the Study Area (Van Vreeswyk et al. 2004) 

Land 
System 

Mapped 
Extent (ha) 

Description of Land System 

Boolgeeda 774,800 Stony lower slopes and plains below hill systems supporting hard and soft 
spinifex grasslands or mulga shrublands 

Capricorn 529,600 Hills and ridges of sandstone and dolomite supporting low shrublands or 
shrubby spinifex grasslands 

Granitic 402,000 Rugged granitic hills supporting shrubby hard and soft spinifex grasslands 

Macroy 1,309,500 Stony plains and occasional tor fields based on granite supporting hard and soft 
spinifex grasslands 
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Land 
System 

Mapped 
Extent (ha) 

Description of Land System 

River 408,800 Active flood plains, major rivers and banks supporting grassy eucalypt 
woodlands, tussock grasslands and soft spinifex grasslands 

Rocklea 2,299,300 Basalt hills, plateaux, lower slopes and minor stony plains supporting hard 
spinifex (and occasionally soft spinifex) grasslands 

Satirist 37,700 Stony plains and low rises supporting hard spinifex grasslands, and gilgai plains 
supporting tussock grasslands 

Talga 212,400 Hills and ridges of greenstone and chert, and stony plains supporting hard and 
soft spinifex grasslands 

 

2.4.1  Groundwater Dependant Vegetation 

Groundwater Dependant Vegetation assessments have been conducted at Sanjiv Ridge by 
Woodman Environmental (2018, 2019) to assess groundwater drawdown impact on 
vegetation within the Study Area. A summary of the results of this assessment is presented in 
Section 6.4.3. 
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An updated search of the Department of the Environment and Energy (DoEE) Profile and 
Threats (SPRAT) database with regard to environmental matters of national significance 
(MNES) listed under the EPBC Act was performed from a central point within the Study Area 
with a 50km buffer zone on 11th March 2020 (DoEE 2020a).  The results of this search indicate 
that no TECs listed under the EPBC Act coincide with the Desktop Study Area.  The results of 
this search are presented in Appendix A. 
 
An updated search of DBCA’s TEC and PEC database was undertaken to identify the presence 
of any DBCA-classified TECs and/or DBCA-classified PECs that coincide with the Study Area 
(DBCA 2020a).  The search used the Stage 2 Development Envelope with a 50 km buffer zone.  
No DBCA-classified TECs or PECs coincide with the Desktop Study Area. Appendix B presents 
definitions, categories and criteria for TECs and PECs (Department of Environment and 
Conservation (DBCA 2013)). 

2.5 Regional Flora 

DBCA’s threatened flora databases, including the Western Australian Herbarium (WA Herb.) 
specimen database, and Threatened and Priority Flora List, were interrogated for updated 
(2020) information regarding listed significant taxa known from within or in the immediate 
vicinity of the Study Area (DBCA 2020b).  The search was requested for the Study Area with a 
40 km buffer zone. 
 
A search of these databases using NatureMap (DBCA 2007-) was undertaken for the Study 
Area with a 40 km buffer zone as part of the Desktop Study to determine recently added 
records and to confirm the records returned from the DBCA WA Herbarium specimen 
database and TPFL database search. The NatureMap search did not return any additional 
significant flora taxa. 
 
A total of 23 significant vascular flora taxa have records within the Desktop Study Area; 22 of 
which are Priority listed taxa (P) and one listed as Threatened (T) (Quoya zonalis), as 
presented in Table 3. The 2020 DBCA database search (DBCA 2020b) returned four taxa that 
were not returned during similar database searches conducted in 2014 and 2016, as shaded 
in green in Table 3.  Appendix C presents conservation codes for Western Australia flora (DBCA 
2020). Of these taxa only Acacia levata (P3) is known to occur in the Study Area and none are 
known to occur within the Stage 2 Development Envelope.  
 
The nearest known location of a significant taxon to the Stage 2 Development Envelope is 
Nicotiana umbratica (P3), known from approximately 3km to the north-east of the Stage 2 
Development Envelope (Figure 5) (DBCA 2020b) 

Table 3:  Threatened and Priority Flora Returned from updated DBCA Database 

Searches (DBCA 2020b) 

Taxon Status Source* 

Acacia aphanoclada  P1 TPFL; WA Herb.; 

Acacia cyperophylla var. omearana P1 WA Herb; NatureMap 

Acacia leeuweniana P1 TPFL; WA Herb.; NatureMap 

Acacia levata P3 TPFL; WA Herb.; NatureMap 

Acacia sp. Marble Bar (J.G. & M.H. Simmons 3499) P1 WA Herb; NatureMap 

Bulbostylis burbidgeae P4 WA Herb; NatureMap 
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Taxon Status Source* 

Corchorus sp. Yarrie (J. Bull & D. Roberts CAL 01.05) P1 WA Herb 

Cochlospermum macnamarae P1 WA Herb; NatureMap 

Eragrostis crateriformis P3 WA Herb; NatureMap 

Gomphrena leptophylla P3 WA Herb; NatureMap 

Goodenia nuda P4 WA Herb 

Gymnanthera cunninghamii P3 WA Herb; NatureMap 

Heliotropium murinum P3 WA Herb; NatureMap 

Nicotiana umbratica P3 WA Herb; NatureMap 

Phyllanthus hebecarpus P3 WA Herb; NatureMap 

Ptilotus mollis P4 WA Herb; NatureMap 

Quoya zonalis T DBCA 

Rhynchosia bungarensis P4 WA Herb; NatureMap 

Rostellularia adscendens var. latifolia P3 WA Herb; NatureMap 

Rothia indica subsp. australis P3 WA Herb; NatureMap 

Schoenus coultasii P1 WA Herb; NatureMap 

Stylidium weeliwolli P3 WA Herb; NatureMap 

Triodia basitricha P3 WA Herb 

*Sources are: 
DBCA  – DBCA WA Herbarium and TPFL Databases (2020a);  
NatureMap – NatureMap (DBCA 2007-); 
DoEE – DoEE (2020) 

 
The interrogation of the Department of the Environment and Energy SPRAT database (DoEE 
2020a) with regards to MNES listed under the EPBC Act (Appendix A) returned one flora taxa 
listed as Threatened Species that is likely to occur in the Desktop Study Area: 

• Quoya zonalis (Endangered) 

The search also identified two significant invasive introduced flora taxa, as likely to occur 
within the Desktop Study Area as listed below: 

• Cenchrus ciliaris; and 
• Parkinsonia aculeata 

Cenchrus ciliaris is not listed as a Declared Pest in Western Australia under the Biosecurity and 
Agriculture Management Act 2007 (BAM Act) (Department of Primary Industry and Regional 
Development (DPIRD) 2020), but is considered by the States and Territories to pose a 
particularly significant threat to biodiversity, as it is known to be invasive under certain 
conditions (Hussey et. al. 2007; DoEE 2020a).  Parkinsonia aculeata is listed as a Declared Pest 
in Western Australia (DPIRD 2020) and is a Weed of National Significance (WoNS) (Australian 
Weeds Committee 2020).   
 
A search for records of introduced taxa within the Study Area and surrounds using the online 
tool NatureMap (DBCA 2007-) returned a total of 10 introduced taxa, these being:  

• Aerva javanica (Kapok); 

• Aloe vera var. officinalis (Aloe); 

• Argemone ochroleuca subsp. ochroleuca (Mexican Poppy); 

• Bidens bipinnata (Bipinnate Beggartick); 

• Cenchrus ciliaris (Buffel Grass); 

• Cenchrus setiger (Birdwood Grass); 
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• Flaveria trinervia (Speedy Weed); 

• Leucaena leucocephala (Leucaena);  

• Portulaca pilosa (Djanggara); and 

• Vachellia farnesiana (Mimosa Bush). 

None of these are listed as Declared Pests in Western Australia under the BAM Act 
(Department of Agriculture and Food (DAF) 2016) or are Weeds of National Significance 
(Australian Weeds Committee 2016).   

2.6 Local Flora and Vegetation Surveys 

A number of flora and vegetation surveys have been conducted in the vicinity of the Study 
Area, as summarised below in Table 4. 
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Table 4: Summary of Flora and Vegetation Surveys Previously Conducted in the Vicinity of the Study Area 

Project Location Study Parameters 
of Survey 

Number of Taxa Vegetation Significant Flora Taxa Introduced Taxa 

Sulphur 
Spring 
Project 
(formerly 
Panorama 
Project) 

45 km 
west 
north-
west of 
Study 
Area 

Mattiske (2007) - 514 taxa; 
161 genera; 
58 families 

18 vegetation alliances 
(summarisation of 
original 52 vegetation 
alliances mapped over 
the Panorama Springs 
project area); 
No TECs or PECs 
identified, no vegetation 
alliances considered to be 
of conservation 
significance 

5 taxa: 
Quoya zonalis (T); 
Euphorbia clementii (P2); 
Acacia glaucocaesia (P3); 
Gymnanthera cunninghamii (P3); 
Ptilotus mollis (P4) 

9 taxa: 
Aerva javanica; 
Argemone ochroleuca; 
Cenchrus ciliaris; 
Cynodon dactylon; 
Ricinus communis; 
Setaria verticillata; 
Solanum nigrum;  
Vachellia farnesiana 

Abydos 
DSO 
Project  

60 km 
north 
north-
west of 
Study 
Area 
 

Woodman 
Environmental (2012a) 
– mining project and 
infrastructure corridor 
to GNH 

133 quadrats 
established; 
All vascular 
plant species 
recorded 

263 taxa 
(including 2 
hybrids); 
112 genera; 
40 families 

10 VTs (one split into two 
sub-types); 
No TECs or PECs 
identified, no VTs 
considered of regional 
conservation significance 

4 taxa: 
Quoya zonalis (T); 
Heliotropium muticum (P1); 
Euphorbia clementii (P2);  
Gymnanthera cunninghamii (P3); 
Abutilon aff. hannii (Potentially 
undescribed) 
 
 

4 taxa: 
Aerva javanica; 
Cenchrus ciliaris; 
Citrullus colocynthis; 
Malvastrum americanum 
 

Woodman 
Environmental (2012b) 
– camp and haul road 
corridor to Marble Bar 
Road 

18 detailed 
recording 
sites; 
dominant 
species only 
recorded  

62 dominant taxa; 
40 genera; 
20 families 

8 vegetation alliances; 
No TECs or PECs 
identified, no vegetation 
alliances considered to be 
of conservation 
significance 

Mt 
Webber 
DSO 
Project 
 

30 km 
north-
west of 
Study 
Area 

Woodman 
Environmental (2012c) 
- mining area and 
Public Road Upgrade 
(PRU) 

117 quadrats 
established in 
mining area 
(July and 
August 2010); 
87 flora 
survey 
quadrats 
established in 
PRU (April 
2012) 

354 taxa; 
139 genera; 
50 families  
 

16 VTs; 
No TECs or PECs 
identified, no VTs 
considered of regional 
conservation significance 

8 taxa: 
Acacia sp. indet. (potentially 
undescribed); 
Bulbostylis burbidgeae (P4); 
Gomphrena leptophylla (P3); 
Gymnanthera cunninghamii (P3); 
Heliotropium murinum (P3); 
Nicotiana umbratica (P3); 
Ptilotus mollis (P4);  

9 taxa: 
Aerva javanica; 
Cenchrus ciliaris; 
Chloris barbata; 
Citrullus lanatus; 
Cynodon dactylon; 
Flaveria trinervia; 
Malvastrum americanum; 
Vachellia farnesiana 
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Project Location Study Parameters 
of Survey 

Number of Taxa Vegetation Significant Flora Taxa Introduced Taxa 

Woodman 
Environmental (2013a) 
- PRU supplementary 
survey 

21 quadrats 
established 
(April 2013) 

Additional 12 taxa 
to Woodman 
Environmental 
(2012c) recorded 

Rothia indica subsp. australis (P3); 
Abutilon aff. hannii (Potentially 
undescribed) 
 

McPhee 
Creek Iron 
Ore 
Project 
 

40 km 
east of 
Study 
Area 

Woodman 
Environmental (2013b) 
- McPhee Creek Project 
Study Area 

125 quadrats 
established 
(May 2012) 

309 taxa; 
141 genera; 
47 families 

15 VTs: 
No TECs or PECs 
identified, no VTs 
considered of regional 
conservation significance 

4 taxa: 
Acacia aphanoclada (P1); 
Eragrostis crateriformis (P3); 
Rostellularia adscendens var. 
latifolia (P3); 
Ptilotus mollis (P4) 
 

8 taxa: 
Aerva javanica; 
Cenchrus ciliaris; 
Cenchrus setiger; 
Flaveria trinervia; 
Malvastrum americanum; 
Setaria verticillata; 
Vachellia farnesiana 
 

Woodman 
Environmental (2013c) 
- Targeted significant 
flora survey 

- - 

Woodman 
Environmental (2014b) 
- Project Discharge 
Options 

39 quadrats 
established 
(May 2013) 

165 taxa; 
105 genera; 
38 families  

McPhee 
Creek Haul 
Road 
Project  

10 km 
south of 
Study 
Area 

Woodman 
Environmental (2014c) 
- Eastern Corridor 
(Yandeyarra to Mt 
Webber and McPhee 
Creek) 

302 quadrats 
(June/July 
2013) 

508 taxa; 
7 hybrids; 
193 genera; 
62 families 

22 vegetation types; 
No TECs or PECs 
identified, no VTs 
considered of regional 
conservation significance 

14 taxa: 
Acacia cyperophylla var. omearana 
(P1); 
Acacia sp. Nullagine (B.R. Maslin 
4955) (P1); 
Cochlospermum macnamarae (P1); 
Rothia indica subsp. australis (P3); 
Acacia levata (P3); 
Eragrostis crateriformis (P3); 
Gymnanthera cunninghamii (P3); 
Heliotropium murinum (P3); 
Nicotiana umbratica (P3); 
Phyllanthus hebecarpus (P3); 
Bulbostylis burbidgeae (P4); 
Goodenia nuda (P4); 
Ptilotus mollis (P4); 
Acacia sp. indet. (potentially 
undescribed) 

19 taxa: 
Argemone ochroleuca; 
Bidens bipinnata; 
Cenchrus ciliaris; 
Cenchrus setiger; 
Chloris barbata; 
Chloris virgata; 
Citrullus lanatus; 
Cynodon dactylon; 
Digitaria ciliaris; 
Echinochloa colona; 
Flaveria trinervia; 
Malvastrum americanum; 
Solanum nigrum; 
Sonchus oleraceus; 
Trianthema portulacastrum; 
Tribulus terrestris; 
Vachellia farnesiana 
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Project Location Study Parameters 
of Survey 

Number of Taxa Vegetation Significant Flora Taxa Introduced Taxa 

McPhee 
Creek Rail 
Project 

13 km 
southwest 
of Study 
Area 

Woodman 
Environmental (2014d) 
– Rail spur linking 
Eastern Corridor to a 
third party rail line 

188 quadrats 
(May/June 
2014) 

364 taxa; 
6 hybrids; 
159 genera; 
54 families 

18 vegetation types; 
No TECs or PECs 
identified, three VTs 
considered of potential 
regional conservation 
significance (VT7, 8, 23) 

Cochlospermum macnamarae (P1); 
Rothia indica subsp. australis (P3); 
Eragrostis crateriformis (P3); 
Gymnanthera cunninghamii (P3); 
Heliotropium murinum (P3); 
Nicotiana umbratica (P3); 
Rostellularia adscendens var. 
latifolia (P3); 
Bulbostylis burbidgeae (P4); 
Rhynchosia bungarensis (P4);  
Abutilon aff. hannii (Potentially 
undescribed) 

Aerva javanica; 
Argemone ochroleuca; 
Bidens bipinnata; 
Cenchrus ciliaris; 
Citrullus lanatus; 
Cynodon dactylon; 
Flaveria trinervia; 
Malvastrum americanum; 
Parkinsonia aculeata; 
Sonchus oleraceus; 
Vachellia farnesiana 

Miralga 
Creek Iron 
Ore 
Project 

40 km 
north-
west of 
Study 
Area 

Woodman 
Environmental (2019b) 
- Sandtrax; Miralga 
West/Miralga Creek 
and two Stockyard 
locations 

107 quadrats 
(May 2019) 

380 taxa; 
1 hybrid; 
157 genera; 
54 families 

12 vegetation types; 
No TECs or PECs 
identified, four VTs 
considered of potential 
regional conservation 
significance (VT 2, 6, 9, 
11) 

18 taxa: 
Corchorus sp. Yarrie (J. Bull & D. 
Roberts CAL 01.05) (P1);  
Euphorbia inappendiculata var. 
inappendiculata (P2);  
Eragrostis crateriformis (P3); 
Euphorbia clementii (P3); 
Dolichocarpa sp. Hamersley Station 
(A.A. Mitchell PRP 1479) (P3); 
Triodia basitricha (P3);  
Triodia chichesterensis (P3); 
Goodenia nuda (P4); 
Abutilon aff. hannii (Potentially 
undescribed); 
Polymeria sp (Potentially 
undescribed) 

20 taxa: 
Aerva javanica; 
Argemone ochroleuca; 
Calotropis procera; 
Cenchrus ciliaris; 
Cenchrus setiger; 
?Chenopodium sp.; 
Chloris virgata; 
Citrullus colocynthis; 
Cynodon dactylon; 
Cyperus rotundus; 
Echinochloa colona; 
Flaveria trinervia; 
Malvastrum americanum; 
Passiflora foetida var. 
hispida; 
Portulaca pilosa; 
Setaria verticillata; 
Solanum nigrum; 
Stylosanthes hamata; 
Tribulus terrestris; 
Vachellia farnesiana. 
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2.7 Overview of Significant and Introduced Flora Taxa 

2.7.1 Significant Flora 

A list of significant flora taxa that are known from within or in the vicinity of the Study Area is 
presented in Table 5, along with their current DBCA-classified Priority Flora rankings (where 
applicable) and habitat (Western Australian Herbarium 1998-).  This list has been compiled 
from the results of updated searches of DBCA’s databases (Table 3; DBCA 2020b), and from 
historical local flora surveys undertaken in the vicinity of the Study Area (Table 4).   
 
A total of 30 significant taxa are known from within or in the vicinity of the Study Area, 
including DBCA-classified Priority Flora taxa and potentially undescribed taxa.  Of these, only 
Acacia levata (P3) has previously been recorded within the Study Area with 10 locations 
returned from the database search (DBCA 2020b). 

Table 5: Significant Flora Taxa known from within or in the Vicinity of the Study Area 

Taxon Status Description Source 

Abutilon aff. hannii Potentially 
Undescribed 

Shrub. Rocky drainage lines Other 

Acacia aphanoclada  P1 Slender, wispy shrub, 1.7–5 m high. Skeletal stony 
soils. Rocky hills, ridges & rises 

TPFL; WA 
Herb.; 
NatureMap 
Other 

Acacia cyperophylla var. 
omearana 

P1 Tree, 4–10 m high, 'minni-ritchi' bark. Stony & 
gritty alluvium. Along drainage lines 

WA Herb 
Other 

Acacia fecunda P3 Erect, obconic shrub, to 3 m, Quartzite gibbers 
over grey-red skeletal soil. Along shallow creeks 
and drainage lines, hills, road verges 

TP List 

Acacia glaucocaesia P3 Dense, glabrous shrub or tree, 1.8-6 m high. Red 
loam, sandy loam, clay. Floodplains 

TPFL; WA 
Herb.; Other 

Acacia leeuweniana P1 Narrow, obconic tree, to 14 m high, bark ‘minni-
ritchi’. Inflorescence in spikes. Gritty, skeletal red-
grey sandy loam, light orange-brown gravelly 
sand, granite. In rock fissures in outcrops, among 
boulders 

TPFL; WA 
Herb.; 
NatureMap 

Acacia levata P3 Spreading shrub to 3 m high. Granite outcrops and 
hill slopes 

TPFL; 
WA Herb.; 
NatureMap 
Other 

Acacia sp. indet. Potentially 
Undescribed 

Spreading to erect shrub to 0.5 m high.  Flats Other 

Acacia sp. Marble Bar 
(J.G. & M.H. Simmons 
3499) 

P1 Shrub, inflorescence in spikes, to 30mm long WA Herb; 
NatureMap 

Acacia sp. Nullagine (B.R. 
Maslin 4955) 
 

P1 Erect, spindly shrub, to 3 m high, bark ‘minni-
ritchi’, grey above, red underneath.  Rocky clay. 
Low-lying areas between rocky hills 

WA Herb.; 
Other 

Bulbostylis burbidgeae  P4 Tufted, erect to spreading annual, grass-like or 
herb (sedge), 0.03-0.25 m high.  Granitic soils. 
Granite outcrops, cliff bases 

WA Herb.; 
NatureMap 
Other 

Cochlospermum 
macnamarae 

P1 Spreading, multi-stemmed shrub to 2 m high.  
Granite outcrops 

WA Herb.; 
NatureMap 
Other 
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Taxon Status Description Source 

Corchorus sp. Yarrie (J. 
Bull & D. Roberts CAL 
01.05) 

P1 Shrub to 0.7 m.  Drainage lines on or near mesas WA Herb 

Eragrostis crateriformis P3 Annual grass to 0.4 m high.  Seasonally wet areas, 
flats 

WA Herb.; 
NatureMap 
Other 

Euphorbia clementii P2 Erect herb to 0.6 m high.  Stony undulating plains Other 

Gomphrena leptophylla P3 Prostrate to erect, spreading annual herb to 0.15 
m.  Variety of habitats 

WA Herb; 
NatureMap 
Other 

Goodenia nuda P4 Erect, perennial herb to 0.5 m high.  Seasonally 
moist sites 

WA Herb.; 
Other 

Gymnanthera 
cunninghamii 

P3 Erect shrub to 2 m high.  Sandy soils in river and 
creek channels 

WA Herb.; 
NatureMap 
Other 

Heliotropium murinum P3 Short-lived perennial, herb to 0.4 m high. Red 
sand. Plains, stony granitic plains 

WA Herb; 
NatureMap 
Other 

Heliotropium muticum P1 Ascending to spreading perennial herb to 0.3 m 
high.  Plains with sand and often granite 

WA Herb .; 
Other 

Nicotiana umbratica P3 Erect annual or short-lived perennial herb to 0.7 
m high.  Granite outcrops and cliffs 

WA Herb; 
NatureMap 
Other 

Phyllanthus hebecarpus P3 Erect, often dense shrub to 1.5 m high.  Granite 
outcrops 

WA Herb.; 
NatureMap 
Other 

Quoya zonalis  T Erect, woolly shrub to 1.2 m.  Steep south-facing 
sandstone or ironstone slopes 

TPFL; WA 
Herb.; DoEE, 
Other 

Ptilotus mollis P4 Compact, perennial shrub, to 0.5 m high, soft grey 
foliage. Stony hills and screes 

WA Herb; 
NatureMap 
Other 

Rhynchosia bungarensis P4 Compact, prostrate shrub or climber to 0.5 m, 
resinous foliage.  Outcrops, boulders 

WA Herb; 
NatureMap 
Other 

Rostellularia adscendens 
var. latifolia 

P3 Herb or shrub to 0.3 m high.  Creeks, rocky hills WA Herb; 
NatureMap 
Other 

Rothia indica subsp. 
australis 

P3 Prostrate or spreading annual herb to 0.3 m high.  
Seasonally inundated sandy areas, flats 

WA Herb.; 
NatureMap 
Other 

Schoenus coultasii P1 Tufted grass-like (sedge), 0.15 m high. Granite 
seepage area. Brown sandy loam. 

WA Herb.; 
NatureMap 

Stylidium weeliwolli P3 Annual, herb, 0.1-0.25 m high. Gritty sand soil, 
sandy clay. Edge of watercourses. 

WA Herb.; 
NatureMap 

Triodia basitricha P3 Hummock grass to 0.5 m high. Hills, floodplains 
and lower slope with red brown loam or brown 
clay loam with ironstone. 

WA Herb. 

 
*Note: Sources of records are: 

• TPFL – DBCA Threatened and Priority Flora Database 

• WA Herb. – WA Herbarium specimen database 

• NatureMap  –  NatureMap Search (DBCA 2007-); 

• Other – Historical local surveys listed in Table 4 
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2.7.2 Introduced Flora 

An updated list of introduced flora taxa known from within or in the vicinity of the Study Area 
is displayed in Table 6, and has been compiled from WA Herbarium specimen data (DBCA 
2007-), from the search of the DoE database (DoEE 2020a), and from historical local flora 
surveys (Table 4).   
 
A total of 27 introduced taxa are known to occur within or in the vicinity of the Study Area. 
One Taxa (Parkinsonia aculeata) is Declared Pests under s22 (2) of the BAM Act and is also a 
Weed of National Significance (Australian Weeds Committee 2020). Eleven taxa are 
considered to be of high ecological impact by the Pilbara Region Weed Prioritisation Process 
(DBCA 2014). Appendix D provides descriptions of each rating from DBCA (2014). 

Table 6: Introduced Flora Taxa Known to Occur Within or in the Vicinity of the Study 
Area 

Taxon Common Name Comments 

Aerva javanica Kapok Bush Environmental impact rated as ‘High’ in Western 
Australia (DBCA 2014)  

Aloe vera var. officinalis Aloe Not assessed (DBCA 2014) 

Argemone ochroleuca subsp. 
ochroleuca 

Mexican Poppy Environmental impact rated as ‘Unknown’ in 
Western Australia (DBCA 2014) 

Bidens bipinnata Bipinnate 
Beggartick 

Environmental impact rated as ‘Unknown’ in 
Western Australia (DBCA 2014) 

Bidens subalternans var. 
simulans 

 Not assessed (DBCA 2014) 

Cenchrus ciliaris Buffel Grass Federally recognized as being highly invasive and 
pose a significant threat to biodiversity 
Environmental impact rated as ‘High’ in Western 
Australia (DBCA 2014) 

Cenchrus setiger Birdwood Grass Environmental impact rated as ‘High’ in Western 
Australia (DBCA 2014) 

Chloris barbata Purpletop Chloris Environmental impact rated as ‘High’ in Western 
Australia (DBCA 2014) 

Chloris virgata Feathertop Rhodes 
Grass 

Environmental impact rated as ‘High’ in Western 
Australia (DBCA 2014) 

Citrullus colocynthis Colocynth Environmental impact rated as ‘Unknown’ in 
Western Australia (DBCA 2014) 

Citrullus lanatus Pie Melon Environmental impact rated as ‘Unknown’ in 
Western Australia (DBCA 2014) 

Cynodon dactylon Couch Environmental impact rated as ‘High’ in Western 
Australia (DBCA 2014) 

Digitaria ciliaris Summer Grass Environmental impact rated as ‘Unknown’ in 
Western Australia (DBCA 2014) 

Echinochloa colona Awnless Barnyard 
Grass 

Environmental impact rated as ‘High’ in Western 
Australia (DBCA 2014) 

Flaveria trinervia Speedy Weed Not assessed (DBCA 2014) 

Leucaena leucocephala Leucaena Not assessed (DBCA 2014) 

Malvastrum americanum Spiked Malvastrum Environmental impact rated as ‘High’ in Western 
Australia (DBCA 2014) 
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Taxon Common Name Comments 

Parkinsonia aculeata Parkinsonia Weed of National Significance (Australian Weeds 
Committee 2020); 
Declared Pest in Western Australia (Department of 
Agriculture and Food 2020); 
Environmental impact rated as ‘High’ in Western 
Australia (DBCA 2014) 

Physalis angulata Wild Gooseberry Environmental impact rated as ‘Unknown’ in 
Western Australia (DBCA 2014) 

Portulaca pilosa Djanggara Not assessed (DBCA 2014) – changed status from 
native to weed in 2015 

Ricinus communis Castor Oil Plant Not assessed (DBCA 2014) 

Setaria verticillata Whorled Pigeon 
Grass 

Environmental impact rated as ‘High’ in Western 
Australia (DBCA 2014) 

Solanum nigrum Black Berry 
Nightshade  

Environmental impact rated as ‘Low’ in Western 
Australia (DBCA 2014) 

Sonchus oleraceus Common 
Sowthistle 

Environmental impact rated as ‘Low’ in Western 
Australia (DBCA 2014) 

Trianthema portulacastrum Giant Pigweed Not assessed (DBCA 2014) 

Tribulus terrestris Caltrop Environmental impact rated as ‘Unknown’ in 
Western Australia (DBCA 2014) 

Vachellia farnesiana Mimosa Bush Environmental impact rated as ‘High’ in Western 
Australia (DBCA 2014) 
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3 METHODS 

3.1 Personnel and Licensing 

Table 7 lists the personnel involved in both fieldwork and plant identifications for the survey 
of the Study Area.  Field team leaders of all surveys have had previous field experience in 
areas similar to the Study Area, including the nearby Atlas McPhee Creek Haul Road and 
McPhee Creek Rail Spur Projects, with personnel involved in plant identifications having 
several years of taxonomic experience with the flora of the Pilbara region.   
 
All plant material was collected under the scientific licences pursuant to the Wildlife 
Conservation Act 1950 Section 23C and Section 23F (2014-2016 surveys) and Regulation 62 of 
Biodiversity Conservation Regulations 2018 (2020 targeted survey) as listed in Table 7. 

Table 7: Personnel and Licensing Information 

Personnel Role Qualifications Flora Collecting Permit (WC 

Act)  

David Coultas Project manager 2014; 
Fieldwork (team leader) 
2014/2016 surveys;  
Plant identifications 

BSc (Environmental Biology) 
(Hons) 

2014: SL010958 (Section 23C) 
            106-1314 (Section 23F) 
2016: SL011774 (Section 23C) 
            121-1516 (Section 23F) 

Bethea Loudon Project manager 2016; 
Fieldwork (team leader) 
2014/2016 surveys; 
Plant identifications;  
Reporting 

BSc (Biology) 2014: SL010956 (Section 23C) 
            108-1314 (Section 23F) 
2016: SL011773 (Section 23C) 
            123-1516 (Section 23F) 

John Grantham Fieldwork 2014 survey BSc (Environmental 
Restoration/Conservation 
Biology) 

2014: SL010961 (Section 23C) 
            109-1314 (Section 23F) 
 

Samuel Coultas Fieldwork 2014/2016 
surveys 

BSc (Environmental Biology) 2014: SL010963 (Section 23C) 
            111-1314 (Section 23F) 
2016: SL011775 (Section 23C) 
            124-1516 (Section 23F) 

Emalyn Loudon Fieldwork 2016 survey BAgrib (Agriculture) (Hons) - 

Marco Pratissoli Project manager 2020; 
Fieldwork (team leader) 
2020 

BSc (Plants Biotechnology); 
Post Grad Dip 
(Environmental Biology) 

2020:  FB62000057 
            143-1920  
 

Jaroslav Hruban Fieldwork 2020 survey MSc (Ecological and 
Evolutionary Biology) 

2020:  FB62000251 
             
 

 

3.2 Aerial Photography Interpretation 

Prior to surveys conducted in 2014 and 2016, initial interpretation of ortho-rectified aerial 
photography at a scale of 1:10,000 was conducted to determine preliminary vegetation 
patterns present within the Study Area, with quadrats allocated based on these patterns.  A 
minimum of three quadrats were allocated to each discernible vegetation pattern where 
possible; such replication is required for meaningful results to be produced following floristic 
analysis of quadrat data, and to provide local context for VT distribution. 
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3.3 Field Survey Methods – 2014 and 2016 

The field survey was conducted over two visits in Autumn 2014, from the 31st March – 9th 
April, and from the 30th April – 9th May; and over one visit in Autumn 2016 from 2nd – 13th 
May.  These visits were conducted 6-8 weeks after significant Summer rainfall in 2014 and 
reasonable rainfall in 2016. This is considered to be the most appropriate time to survey in 
the Pilbara Bioregion, as the majority of taxa in the Pilbara are likely to flower following 
significant rainfall.  However, March of both survey years recorded significantly less rain than 
the long term average indicating that flowering periods had the potential to be shortened 
without rain events in April. 
 
Access to the Study Area was achieved on foot and by vehicle using existing vehicle and 
exploration tracks.  However, large parts of the Study Area were not accessible by vehicle, 
necessitating access by foot only. 
 
A total of 357 non-permanent flora survey quadrats were established during the surveys.  All 
quadrats covered an area of 2500 m2, and generally measured 50 m by 50 m, however in 
narrow vegetation patterns such as those associated with drainage lines, quadrats measured 
100 m by 25 m.  This quadrat size corresponds to that used during the DPaW (now listed as 
Department of Biodiversity, Conservation and Attractions) Pilbara Biodiversity Survey 
(McKenzie et al. 2009), and is the standard size used in Pilbara flora and vegetation surveys.  
At least 3 quadrats were surveyed within each vegetation pattern initially identified from 
aerial photography interpretation.  The quadrats were orientated north-south/east-west 
where possible, with the bearings of each side recorded for any quadrats that could not be 
established in this fashion.  
 
All vascular flora taxa that were visually identifiable within each quadrat were recorded.  At 
least one reference specimen of most taxa (excluding common, distinctive taxa) encountered 
was collected for verification and identification purposes.   
 
The following information was recorded at each quadrat: 

• Personnel; 

• Unique quadrat number; 

• Date of survey; 

• GPS (Global Positioning System) coordinates (GDA (Geocentric Datum of Australia) 
94); 

• Site photograph; 

• Topography (including landform type and aspect); 

• Soil colour and type (including the presence of any rock outcropping and surface 
stones); 

• Vegetation condition (adapted from Keighery (1994) for the Pilbara Biological Survey 
(McKenzie et al. (2009), presented in Appendix E); 

• Approximate time since fire; 

• Presence of disturbance (if any); 

• Percentage foliage cover (for each taxon); and 

• Height (m) (for each taxon, excluding climbers/aerial shrubs). 
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Additional flora taxa were also recorded opportunistically in the Study Area via a search in the 
general vicinity of each quadrat, and during traverses on foot between quadrats.   
 
Mapping notes of vegetation pattern boundaries and distribution were also taken while 
traversing on foot and by vehicle.  This was to aid in mapping polygons of vegetation patterns 
that were not allocated quadrats.  Not all vegetation pattern polygons received quadrats 
because of time constraints, however many polygons could be confidently allocated to a final 
VT using a combination of mapping notes and aerial photograph interpretation. 
 
Specific, targeted searching for significant flora taxa in the Study Area was not undertaken as 
part of the 2014 survey, however searching while traversing to and between quadrats was 
undertaken.  In 2016, targeted searching via transects with personnel spread approximately 
20-50 m apart, was conducted in footprint areas where significant (Priority listed) were 
recorded to determine population extent and plant numbers for future impact assessment.  
Where populations of known significant flora taxa were identified, a representative collection 
of material was made, and the abundance and spatial distribution (using hand held Garmin 
GPS coordinates) of individuals within each population was recorded where possible.  All 
areas traversed in the Study Area are presented as track logs on Figure 4. 
 
Any locations of introduced flora taxa identified in the Study Area while traversing to and 
between quadrats were treated using the same methods as used for locations of significant 
flora taxa. 

3.4 Field Survey Methods - 2020 

Targeted searching for significant flora taxa within the Stage 2 Development Envelope was 
conducted in 2020 to determine the presence and the extent of conservation significant flora 
taxa populations within the Stage 2 Development Envelope. Flora taxa that were targeted for 
survey were based on the updated desktop assessment presented in Section 2.7.1, as well as 
review of the known locations of significant flora within the Stage 2 Development Envelope, 
or where VTs providing preferred habitat for significant flora taxa were present in the Stage 
2 Development Envelope. 
 
The whole of the Stage 2 Development Envelope was searched with transects spaced 
approximately 100 m apart.  Numbers of individuals and location were recorded for each 
significant flora taxa encountered. Track logs of the search conducted within the Stage 2 
Development Envelope are presented on Figure 4. 
 
Ground truthing of the vegetation types included within the Stage 2 Development Envelope 
was also conducted whilst searching to confirm the results of the 2014 and 2016 surveys. 
Where discrepancies were found in the determination of the VT boundaries field observation 
were recorded and used to modify the original mapping.  Particular attention was given to 
potential Groundwater Dependant Vegetation (GDV) with all gullies, creeks and gorges 
walked and searched for GDV indicator taxa.   
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3.5 Plant Collection and Identification 

Specimens of any unknown taxa that were collected were pressed for later identification at 
the WA Herbarium.  Identifications were undertaken by experienced botanists Bethea Loudon 
and David Coultas.  External experts of particular families or genera were consulted for any 
specimens considered to be difficult to identify or of taxonomic interest.   
 
Taxon nomenclature generally follows FloraBase (Western Australian Herbarium 1998 -) with 
all names checked against the current DBCA Max database to ensure their validity.  However, 
in cases where names of plant taxa have been published recently in scientific literature but 
have not been adopted on FloraBase (Western Australian Herbarium 1998 -), nomenclature 
in the published literature is followed.  The conservation status of each taxon was checked 
against FloraBase, which provides the most up-to-date information regarding the 
conservation status of flora taxa in Western Australia.   
 
Specimens of interest, including significant flora taxa, range extensions of taxa and potential 
new taxa, will be sent to the WA Herbarium for consideration for vouchering as soon as 
practicable.  However, this process is via donation, and the WA Herbarium may not voucher 
all specimens, in accordance with its own requirements.  The specimen vouchering will be 
supported by completed Threatened and Priority Flora Report Forms submitted to DBCA 
(Species and Communities Branch) in the case of listed significant flora (e.g. Threatened and 
Priority flora taxa).   

3.6 Floristic Analysis 

Classification analysis of quadrat floristic data to define VTs was conducted using quadrats 
from the Study Area incorporating data collection in 2014 and 2016.  The resultant VTs were 
compared to those presented in Woodman Environmental 2014a for consistency and to 
clarify regional significance of mapped VTs.   
 
Classification analysis of quadrat floristic data to determine the regional significance of VTs 
was conducted using quadrats from both the Study Area and several other Atlas studies 
conducted in the vicinity of the Study Area.  This approach produced a single VT dataset across 
these studies, and provides a level of regional context when assessing the distribution and 
conservation significance of VTs.  The classification analysis was conducted on a taxon and 
quadrat data matrix compiled from quadrat data, utilising a total of 1119 quadrats and 640 
perennial vascular taxa from the following studies: 

• 108 quadrats from the Mount Webber Direct Shipping Ore Project (Woodman 
Environmental 2012c, 2013a); 

• 164 quadrats from the McPhee Creek Iron Ore Project (Woodman Environmental 
2013b, 2014b); 

• 302 quadrats from the McPhee Creek Haul Road Project Study Area (Woodman 
Environmental 2014c); 

• 188 quadrats from the McPhee Creek Rail Spur Project Study Area (Woodman 
Environmental 2014d); and 

• 357 quadrats established in the Study Area as part of this study. 

The locations of these studies are shown on Figure 1. 
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Taxa belonging to several categories were removed prior to analysis, as listed below: 

• Ephemeral taxa – the presence of ephemeral taxa is strongly influenced by seasonal 
conditions, with fewer taxa and individuals usually present following below-average 
rainfall.  As the taxon data matrix was compiled from quadrats surveyed over several 
years with differing seasonal conditions, ephemeral taxa were excluded to remove 
variation associated with this factor; 

• Introduced taxa – introduced taxa were excluded as their distributions are generally 
defined by the presence of disturbance (e.g. clearing, animal movement) rather than 
particular habitat types; 

• Singletons (taxa recorded only once in the quadrat dataset) – singletons were 
removed as they provide little information in datasets; 

• Known and putative hybrids – hybrids were removed as they are generally present as 
isolated individuals and at scattered locations only, and as they are generally of 
unknown or presumed origin;  

• Taxa where identification was unclear – such taxa were removed from the analysis 
where identification was unclear due to poor available material in the field;  

• Taxa present in recently burnt areas only – a number of quadrats across most of the 
studies utilised for the floristic analysis had been recently burnt, including many in the 
Study Area that were noted as being burnt within the last year.  Fire in the Pilbara 
region results in prolific germination of many taxa, with a large proportion of these 
being ephemeral taxa (Woodman Environmental field observations).  There are also a 
number of short-lived perennial taxa that also germinate prolifically following fire in 
the Pilbara region that were recorded in recently burnt quadrats, but were completely 
absent (or almost so) from unburnt quadrats.  To attempt to mitigate variation in 
taxon composition as a result of fire history, such taxa were also removed from the 
analysis.  These include taxa such as Heliotropium skeleton, Crotalaria novae-
hollandiae, Trichodesma zeylanicum and several Cullen species; and 

• Taxa with ephemeral above-ground parts only – a number of perennial taxa that 
produce ephemeral above-ground parts which senesce when conditions are 
unfavourable were also removed from the analysis.  Such taxa, while easily identifiable 
at some sites when conditions were favourable, could not be confidently identified at 
all sites because such material was absent or in poor condition.  Taxa in this category 
included rhizomatous taxa such as Cheilanthes and Fimbristylis species, and taxa with 
woody rootstocks such as Ptilotus nobilis subsp. nobilis and Zornia albiflora. 

Some perennial taxa and infra-taxa were also amalgamated where taxonomy was unclear or 
could not be determined in all cases, such as Grevillea wickhamii variants.  All taxa omitted 
and amalgamated from the floristic analysis (other than ephemerals, hybrids or singletons) 
are presented in Appendix F. 
 
Initially, an OptimClass analysis was undertaken to determine the most suitable approach to 
classification based on the available data.  OptimClass (Tichý et al. 2010) evaluates the quality 
of a set of different partitions of the same dataset, based on the number of taxa that are 
faithful to clusters of that partition.  Faithful taxa are identified using the Fisher’s exact test 
for the right-tailed hypothesis, which is a suitable measure of statistical fidelity of taxa to 
clusters of quadrats (Sokal & Rohlf 1995; Chytrý et al. 2002). 
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For the OptimClass analysis a selection of the most widely-used techniques in community 
ecology were tested, including Unweighted Pair-Group Method using Arithmetic Averages 
(UPGMA), Beta Flexible Clustering and Ward’s Method in combination with a Bray-Curtis 
Index, Similarity Ratio, Chord Distance and none or logarithmic and/or power transformations 
of species percentage foliage cover.  The full list of combinations tested is shown in Appendix 
G.  The cluster analyses used to calculate OptimClass values were performed using the 
software packages JUICE 7.0.123 (Tichý 2002) and PC-ORD 6.08 (McCune & Mefford 2011). 
 
The OptimClass analysis influenced the selection of a classification analysis using a one-layer 
data matrix (presence/absence data only) with no transformation, with Beta Flexible 

Clustering ( = 0.25) as the clustering tool, and Bray-Curtis as the similarity ratio.   
 
Classification analysis was conducted using the PATN (V3.12) package (Belbin & Collins 2009), 
with the results of the classification produced as a dendrogram.  A taxon and quadrat matrix 
was produced, with the matrix sorted into taxon groups generated from the classification.  
Indicator taxon analysis (INDVAL) was conducted using PC-ORD (McCune & Mefford 2011) 
using the method of Dufrene & Legendre (1997).  The INDVAL measures were used to 
determine the indicator taxa for each VT and a Monte Carlo permutation test was used to 
test for the significance of the indicator taxa.  The Bray-Curtis coefficient was used to generate 
an association matrix for the classification analysis.  This association matrix consisted of 
pairwise coefficients of similarities between quadrats based on floristic data.  Agglomerative, 
hierarchical clustering, using flexible UPGMA (ß=-0.25), was used to generate a quadrat 
classification dendrogram (Sneath & Sokal 1973). 

3.7 Vegetation Type Mapping and Description 

OptimClass analysis of Study Area quadrat data identified approximately 13 quadrat clusters 
as the optimal number when applying the classification parameters outlined in Section 3.5.  
The classification dendrogram and taxon group matrix were initially examined at the 13-
cluster level, to determine the plausibility of clusters.   
 
Quadrats within each group were manually compared to determine the level in the 
dendrogram at which to delineate VTs.  The manual comparison was also utilised to identify 
any quadrats that had been misclassified by the analysis.  Such misclassification of quadrats 
has occurred in previous floristic analyses conducted by Woodman Environmental, with 
higher numbers of quadrats deemed misclassified in previous floristic analyses of Pilbara 
region quadrat datasets (e.g. Woodman Environmental 2014c) compared to floristic analyses 
of quadrat datasets from areas outside the Pilbara region, including the Coolgardie and 
Geraldton Sandplains regions (e.g. Woodman Environmental 2013d, 2014e).  A number of 
factors potentially contribute to quadrat misclassification, including disturbance history (fire 
or grazing – both particularly common factors in the Pilbara bioregion), situation of quadrats 
in ecotones (the transition zone between VTs), misidentification of taxa during survey (most 
often because of poor available material), naturally low taxon richness, and the relatively 
homogenous species composition of vegetation in the Pilbara region across widely differing 
soil, substrate and topographical types (Woodman Environmental field observations).  This 
process determined a final number of clusters that were considered to represent VTs. 
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Manual comparison of quadrats in the floristic analysis identified a number of apparently 
misclassified quadrats within the dendrogram following the investigation of their soil, 
topography and taxon composition.  This appeared to be most often related to the situation 
of quadrats in ecotones or where species richness was very low reducing the ability of the 
analysis to place them properly.  These misclassified quadrats were investigated to determine 
their relationships to other groups in the dendrogram, based primarily on dominant taxon 
composition, and to a lesser extent soil, substrate and topographical type, and were then 
reassigned to the most appropriate group.  This process is subjective, relying on knowledge 
of the Study Area and its species composition, landforms and disturbance history, and also a 
general knowledge of vegetation patterns in the Pilbara region.  A list of all quadrats manually 
reassigned, and the reasoning for the reassignment, is presented in Appendix H. 
 
VT descriptions have been adapted from the National Vegetation Information System (NVIS) 
Australian Vegetation Attribute Manual Version 6.0 (Executive Steering Committee for 
Australian Vegetation Information (ESCAVI) 2003).  This model follows nationally-agreed 
guidelines to describe and represent VTs, so that comparable and consistent data is produced 
nation-wide.  It must be noted that the NVIS system utilises vegetation descriptions derived 
from structural characteristics of the individual community units, while the VTs presented in 
this report have been derived from analysis of site floristics, excluding any structural 
component.  VTs therefore may include multiple structural types.  Considering the effect of 
disturbance factors such as fire on vegetation structure, this approach is designed to provide 
a map of VTs that reflect taxon composition and the influences of the physical and chemical 
environment rather than disturbance history.   
 
For the purposes of this report, it is considered that a VT is equivalent to a NVIS sub-
association as described in ESCAVI (2003).  Common taxa within each stratum were generally 
defined as taxa that occurred in greater than one-third of quadrats established within a 
particular VT (however this varied slightly depending on the number of quadrats); these may 
include taxa not in the VT description, as the VT description is based on dominance within 
each stratum, as well as the frequency that a taxon was recorded within each VT. 
 
The locations of quadrats within each VT were used in conjunction with aerial photography 
interpretation and field notes taken during survey to develop VT mapping polygon 
boundaries.  These VT mapping polygon boundaries were then digitised using Geographic 
Information System (GIS) software. 
 
The VT polygons have been modified and updated where necessary in the Stage 2 
Development Envelope after review of the mapping undertaken in the field in 2020. No 
further quadrat data however was collected during the 2020 surveys. 
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3.8 Vegetation Condition Mapping 

Vegetation condition was recorded at all quadrats, and also opportunistically within the Study 
Area where areas of disturbance to vegetation were noted (e.g. weed infestations, areas of 
heavy grazing, mineral exploration).  Vegetation condition was described using a vegetation 
condition scale adapted from Keighery (1994) that was utilised by DPaW during the Pilbara 
Biodiversity Survey (McKenzie et al. 2009), and is presented in Appendix E.   
 
Vegetation condition polygon boundaries for the Study Area were developed using this 
information in conjunction with aerial photography interpretation, and were digitised as for 
VT polygon boundaries. 

3.9 Significant Flora and Vegetation 

EPA Technical Guidance (EPA 2016) considers that any taxon listed as Threatened under 
relevant legislation (BC Act, EPBC Act), or classified by DBCA as Priority flora, is considered to 
be significant.  Such taxa are therefore addressed in this report.  Technical Guidance (EPA 
2016) also notes that a flora taxon may also be considered as significant if it meets one of the 
following criteria: 

• locally endemic or association with a restricted habitat type (e.g. surface water or 
groundwater dependent ecosystems) 

• new species or anomalous features that indicate a potential new species 

• representative of the range of a species (particularly, at the extremes of range recently 
discovered range extensions, or isolated outliers of the main range) 

• unusual species, including restricted subspecies, varieties or naturally occurring 
hybrids 

• relictual status, being representative of taxonomic groups that no longer occur widely 
in the broader landscape. 

It is considered that the criterion of level of reservation (i.e. presence in conservation reserves 
such as national parks or nature reserves) is difficult to apply in the context of this report, as 
the Pilbara region is both relatively poorly-surveyed and poorly-reserved, and it is therefore 
not possible to accurately determine the reservation status of a particular taxon.  However, 
level of reservation may be relevant in the context of addressing the significance of a taxon 
that meets one of the other criteria listed above, particularly listed Threatened or Priority 
flora taxa, as taxa meeting these criteria may be of higher significance if they are not or are 
poorly reserved.   
 
Significant taxa are discussed in Section 5.2. 
 
No classification of the potential local significance of locations of significant flora taxa has 
been undertaken as part of this study, as has previously been undertaken by Woodman 
Environmental for other studies conducted for Atlas (e.g. Woodman Environmental 2014c).  
It is considered that such a classification is best undertaken as part of any overall impact 
assessment that may need to be undertaken for the Project, as significant flora data may 
change prior to such an impact assessment being conducted. 
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EPA Technical Guidance (EPA 2016) considers that vegetation listed as a TEC under the EPBC 
Act, or classified as a TEC or PEC by DBCA, is considered to be significant.  Such vegetation is 
therefore addressed in this report.  Technical Guidance (EPA 2016) also notes that vegetation 
may also be considered as significant if it meets one of the following criteria: 

• restricted distribution 

• degree of historical impact from threatening processes 

• a role as a refuge 

• providing an important function required to maintain ecological integrity of a 
significant ecosystem. 

These criteria are generally applicable to VTs mapped in the Study Area and are therefore 
used to determine whether a VT is locally significant (with ‘local’ referring to the Study Area).  
It is more difficult to apply these criteria in a regional context, as there is no publicly-available 
Pilbara-wide dataset of VTs.  However, the floristic analysis of quadrats from the Study Area 
and a number of other studies in the vicinity of the Study Area (see Section3.6) has produced 
a relatively geographically-widespread VT dataset that provides a reasonable level of context 
when considering the significance of VTs.  These criteria are therefore applied to the VTs 
mapped in the Study Area in the context of this VT dataset, to determine potentially regionally 
significant VTs.  Assessment of the significance of the VTs of the Study Area was undertaken 
in 2016; review of such assessment in 2020 was limited to the vegetation of the Stage 2 
Development Envelope only. Significant vegetation is discussed in Section 6.4. 

4 ADEQUACY AND LIMITATIONS OF SURVEY 

4.1 Adequacy of Survey 

The Study Area covers approximately 26,021.8 ha, with 357 quadrats established within it.  
Quadrats were established in all preliminary vegetation patterns discernable by initial aerial 
photograph interpretation (see Section 3.2 and 3.3), both to adequately sample variation in 
vegetation throughout the Study Area, and to ensure adequacy of sampling for vascular plant 
taxa.  Historic discussion held with Dr. Stephen van Leeuwen of DPaW (now DBCA) indicated 
that a sampling intensity of one 50 m x 50 m quadrat per square kilometre provides an 
acceptable level of sampling to characterise vegetation assemblages in the Pilbara.  This 
sampling intensity has also been adopted by other mining companies (for example, BHP 
Billiton) as their standard for flora and vegetation surveys for Environmental Impact 
Assessment in the Pilbara.  Given the size of the Study Area, 260 quadrats are required to 
meet this ratio.  The number of quadrats established in the Study Area exceeds this amount, 
and is therefore considered to be an acceptable number. 
 
To provide an indication of the adequacy of this survey, a species accumulation curve was 
produced using PC-ORD (V6.08) (McCune and Mefford 2011).  Species accumulation curves 
represent a theoretical model of the relationship between sampling intensity and species 
accumulation; when sampling intensity is increased, species accumulation is reduced, and a 
species accumulation curve becomes asymptotic.   
 
The species accumulation curve for quadrat data from the Study Area was generated using all 
native taxa (both annual and perennial) recorded within each quadrat.  Species accumulation 
calculations for the Study Area were then undertaken via PC-ORD, utilising the Chao-2 
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estimator for species richness (Chao 1987), and compared to the actual number of species 
recorded in the Study Area.  This gives some indication as to whether sufficient quadrats have 
been surveyed to adequately sample the species richness in the Study Area.  As the generation 
of species accumulation curves includes quadrat data only, and not opportunistically-
recorded taxa, the indication of adequacy of survey provided is considered to be conservative.   
 
Figure 5 presents the species accumulation curve generated from quadrat data from the 
Study Area.  Using the Chao-2 estimator, the recorded number of taxa within quadrats is 
equivalent to 89.5 % of the estimated taxon richness in the Study Area.  Sampling was 
therefore considered to be adequate using this estimation measure. 
 

Figure 5: Study Area Species Accumulation Curve 

It is of interest that the estimated number of taxa in the Study Area from quadrats only using 
Chao-2 was 392; when opportunistic records of taxa are included, 413 taxa were recorded in 
the Study Area (see Section 5.1), indicating that the Study Area was well-sampled.   
 
Another adequacy of survey measure is that developed by Mueller-Dombois and Ellenberg 
(1974), who suggest that a cut-off point might be when a 10% increase in quadrats surveyed 
results in a 5% (or less) increase in taxa recorded.  This measure was also calculated using all 
native taxa recorded within each quadrat.  The number of quadrats established in the Study 
Area satisfies this adequacy measure suggested by Mueller-Dombois and Ellenberg (1974), 
with the final taxon increase value of 1.52 % recorded following a 10 % increase in quadrats.   

4.2 Limitations of Survey 

Table 8 presents the limitations of the flora and vegetation survey of the Study Area in 
accordance with EPA Technical Guidance (EPA 2016). 
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Table 8: Limitations of the Flora and Vegetation Survey of the Study Area 
 

Limitation Limitation of Survey Comment 

Level of survey No Level 2 Detailed Survey:  The detailed field survey conducted in March and May 2014 and in May 2016, within the usual 
peak flowering season in the Pilbara region.  Replicated quadrats were established in each vegetation pattern identified 
in the Study Area.  EPA (2016) indicates that survey should also be undertaken in other seasons, and it is noted that some 
perennial taxa expected to occur in the Study Area flower in other seasons (e.g. Winter).  However, it is considered that 
survey in the peak flowering season only is adequate in this case, as it considered likely that most taxa that flower outside 
the peak flowering season could be identified during the survey period.  
Although the surveys undertaken in 2014 and 2016 were undertaken as per the guidance presented in EPA (2004), the 
parameters of survey and statistical floristic assessment conform to those presented in EPA (2016). 
Targeted survey: Targeted flora survey conforming to the requirements of EPA (2016) was undertaken in the Stage 2 
Development Envelope during 2020. During the targeted search conducted in 2020 all potentially suitable habitats were 
systematically searched for significant flora. 

Competency/experience 
of the consultant(s) 
carrying out the survey 

No Senior personnel undertaking the survey have had experience in conducting similar assessments, including assessments 
in nearby areas in the Pilbara region such as the McPhee Creek Haul Road Project (Woodman Environmental 2014c).  
Senior personnel provided guidance to less experienced botanists throughout all surveys where necessary. 

Scope (floral groups that 
were sampled; some 
sampling methods not able 
to be employed because of 
constraints?) 

No All vascular groups that were present during the detailed survey were sampled. No constraints prevented appropriate 
sampling techniques (quadrat establishment, foot transects) being employed during the 2014-2016 surveys. 
All significant flora taxa as per the updated desktop assessment were surveyed for in the Stage 2 Development Envelope 
(2020 surveys). 
 

Proportion of flora 
identified, recorded 
and/or collected 

Potential minor A high proportion of perennial vascular taxa were recorded based on the intensity and method of survey (2014 and 2016 
surveys).  A high proportion of ephemeral vascular taxa were recorded based on the intensity and method of survey, and 
above-average rainfall prior to the 2014 survey.  Although rainfall prior to the 2016 survey was lower than average, 
numerous ephemeral taxa were present and identifiable however the entire suite of taxa that may potentially have been 
present may not have been recorded in 2016 (see timing/weather/season/cycle below).  Unknown vascular taxa were 
collected, with specimens identified at the WA Herbarium.  Adequacy of survey measures indicate a high percentage 
(89.5%) of taxa expected to occur in the Study Area was recorded (Chao-2 estimator), and the number of quadrats 
established in the Study Area satisfies the criterion suggested by Mueller-Dombois and Ellenberg (1974), with an increase 
of 1.52 % in species recorded per increase of 10 % of quadrats. 

Sources of information e.g. 
previously available 
information (whether 
historic or recent) as 
distinct from new data 

No Sources of information used included government databases (DBCA, DoEE) and several reports and unpublished data 
from the vicinity of the Study Area.  Good contextual information for the Study Area was available prior to all surveys. 
DBCA database information was updated for the 2020 targeted flora survey. 
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Limitation Limitation of Survey Comment 
The proportion of the task 
achieved and further work 
which might be needed 

Potential minor The detailed surveys completed in 2014 and 2016, with the surveys including some searching for significant flora taxa.  
However, searching for significant flora was not conducted within the Stage 2 Development Envelope.  
Targeted searching within the entire Stage 2 Development Envelope was completed in 2020. 

Timing/weather/season/ 
cycle 

Potential minor The field survey was conducted in Autumn following significant Summer rainfall in 2014, corresponding with the optimum 
flowering period for the Pilbara region.  The 2014 flowering period was considered by Woodman Environmental to be 
good, with above-average rainfall (477 mm compared to the average of 273.9 mm) (Bureau of Meteorology 2016) over 
the Summer ‘wet season’ (December 2013 – March 2014).  The 2016 field survey was conducted in Autumn following 
lower than average rainfall (185 mm compared to the average of 243.8 mm) (Bureau of Meteorology 2016) over the 
Summer ‘wet season’ (December 2015 – March 2016) with no rainfall immediately prior to the survey in April.  The 2016 
flowering period was considered to be average by Woodman Environmental however the majority of taxa recorded were 
able to be identified in the absence of flowering or fruiting material. 
The 2020 targeted search was conducted in Autumn following significant Summer rainfall, corresponding with the 
optimum flowering period for the Pilbara region.  The 2020 flowering period was considered by Woodman Environmental 
to be good, with above-average rainfall (358.4 mm compared to the average of 299.3 mm) (Bureau of Meteorology 2020) 

Disturbances (e.g. fire, 
flood, accidental human 
intervention etc.), which 
affected results of survey 

Potential minor A significant proportion of the Study Area was burnt by an intense fire in October 2013 (Outback Ecology 2013).  It is 
considered that the fire did not greatly affect the ability to identify vascular taxa in the Study Area, as above-average 
rainfall over the Summer ‘wet season’ in 2014 subsequent to the fire promoted significant growth of re-sprouting 
perennial taxa and germination and growth of non-sprouting taxa.  It is likely that the final number of taxa recorded may 
be higher than if the Study Area was unburnt, as many taxa in the Pilbara appear to only germinate prolifically following 
fire (Woodman Environmental field observations).  However, the fire has had a significant impact on the composition of 
vegetation in the Study Area, with post-fire coloniser taxa dominating burnt areas, but often absent from unburnt areas.  
This resulted in the approach to analysis of floristic data being altered, with taxa considered to be present only in recently 
burnt areas excluded from the analysis.  The fire also affected mapping of VTs in some parts of the Study Area, with 
boundaries of VTs being difficult to determine both in the field and on aerial photography in some instances.  Portions of 
the 2016 extension area had been very recently burnt by a very hot fire and experienced limited germination as a result 
of low rainfall post-fire.  Proposed quadrats in these areas were not undertaken, instead field notes on soil, geology and 
taxa present were recorded in order to match the landform to a VT based on previous experience of the area (2014 
survey).  The remainder of the 2016 extension area and the entire Stage 2 Development Envelope had not been 
significantly affected by fire in recent years. 

Intensity of survey No The survey intensity was considered adequate to identify floristic groupings of terrestrial flora as required by a detailed 
survey, with replication of quadrats in VTs and foot searching undertaken throughout the Study Area. 
The targeted flora search intensity was considered adequate to determine the extent of significant flora and vegetation  
throughout the Stage 2 Development Envelope. 
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Summary

This part of the report summarises the matters of national environmental significance that may occur in, or may
relate to, the area you nominated. Further information is available in the detail part of the report, which can be
accessed by scrolling or following the links below. If you are proposing to undertake an activity that may have a
significant impact on one or more matters of national environmental significance then you should consider the
Administrative Guidelines on Significance.

Matters of National Environmental Significance

Listed Threatened Ecological Communities:

Listed Migratory Species:

None

Great Barrier Reef Marine Park:

Wetlands of International Importance:

Listed Threatened Species:

None

9

None

None

National Heritage Places:

Commonwealth Marine Area:

World Heritage Properties:

None

None

11

The EPBC Act protects the environment on Commonwealth land, the environment from the actions taken on
Commonwealth land, and the environment from actions taken by Commonwealth agencies. As heritage values of a
place are part of the 'environment', these aspects of the EPBC Act protect the Commonwealth Heritage values of a
Commonwealth Heritage place. Information on the new heritage laws can be found at
http://www.environment.gov.au/heritage

This part of the report summarises other matters protected under the Act that may relate to the area you nominated.
Approval may be required for a proposed activity that significantly affects the environment on Commonwealth land,
when the action is outside the Commonwealth land, or the environment anywhere when the action is taken on
Commonwealth land. Approval may also be required for the Commonwealth or Commonwealth agencies proposing to
take an action that is likely to have a significant impact on the environment anywhere.

A permit may be required for activities in or on a Commonwealth area that may affect a member of a listed threatened
species or ecological community, a member of a listed migratory species, whales and other cetaceans, or a member of
a listed marine species.
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Critical Habitats:

Commonwealth Land:

Commonwealth Reserves Terrestrial:

NoneAustralian Marine Parks:

Extra Information

This part of the report provides information that may also be relevant to the area you have nominated.
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NoneRegional Forest Agreements:

Invasive Species: 12

NoneKey Ecological Features (Marine)

http://www.environment.gov.au/protection/environment-assessments
http://www.environment.gov.au/epbc/permits-and-application-forms


Details

Listed Threatened Species [ Resource Information ]
Name Status Type of Presence
Birds

Curlew Sandpiper [856] Critically Endangered Species or species habitat
may occur within area

Calidris ferruginea

Night Parrot [59350] Endangered Species or species habitat
likely to occur within area

Pezoporus occidentalis

Australian Painted Snipe [77037] Endangered Species or species habitat
may occur within area

Rostratula australis

Mammals

Northern Quoll, Digul [Gogo-Yimidir], Wijingadda
[Dambimangari], Wiminji [Martu] [331]

Endangered Species or species habitat
known to occur within area

Dasyurus hallucatus

Ghost Bat [174] Vulnerable Breeding known to occur
within area

Macroderma gigas

Greater Bilby [282] Vulnerable Species or species habitat
known to occur within area

Macrotis lagotis

Pilbara Leaf-nosed Bat [82790] Vulnerable Roosting known to occur
within area

Rhinonicteris aurantia (Pilbara form)

Plants

 [88310] Endangered Species or species habitat
likely to occur within area

Pityrodia sp. Marble Bar (G.Woodman & D.Coultas GWDC Opp 4)

Reptiles

Olive Python (Pilbara subspecies) [66699] Vulnerable Species or species habitat
likely to occur within area

Liasis olivaceus  barroni

Listed Migratory Species [ Resource Information ]
* Species is listed under a different scientific name on the EPBC Act - Threatened Species list.
Name Threatened Type of Presence
Migratory Marine Birds

Fork-tailed Swift [678] Species or species habitat
likely to occur within area

Apus pacificus

Migratory Terrestrial Species

Barn Swallow [662] Species or species
Hirundo rustica

Matters of National Environmental Significance



Name Threatened Type of Presence
habitat may occur within
area

Grey Wagtail [642] Species or species habitat
may occur within area

Motacilla cinerea

Yellow Wagtail [644] Species or species habitat
known to occur within area

Motacilla flava

Migratory Wetlands Species

Common Sandpiper [59309] Species or species habitat
known to occur within area

Actitis hypoleucos

Sharp-tailed Sandpiper [874] Species or species habitat
known to occur within area

Calidris acuminata

Curlew Sandpiper [856] Critically Endangered Species or species habitat
may occur within area

Calidris ferruginea

Pectoral Sandpiper [858] Species or species habitat
may occur within area

Calidris melanotos

Oriental Plover, Oriental Dotterel [882] Species or species habitat
may occur within area

Charadrius veredus

Oriental Pratincole [840] Species or species habitat
may occur within area

Glareola maldivarum

Osprey [952] Species or species habitat
likely to occur within area

Pandion haliaetus

Listed Marine Species [ Resource Information ]
* Species is listed under a different scientific name on the EPBC Act - Threatened Species list.
Name Threatened Type of Presence
Birds

Common Sandpiper [59309] Species or species habitat
known to occur within area

Actitis hypoleucos

Fork-tailed Swift [678] Species or species habitat
likely to occur within area

Apus pacificus

Great Egret, White Egret [59541] Species or species habitat
known to occur within area

Ardea alba

Cattle Egret [59542] Species or species habitat
may occur within

Ardea ibis

Commonwealth Land [ Resource Information ]
The Commonwealth area listed below may indicate the presence of Commonwealth land in this vicinity. Due to
the unreliability of the data source, all proposals should be checked as to whether it impacts on a
Commonwealth area, before making a definitive decision. Contact the State or Territory government land
department for further information.

Name
Commonwealth Land -

Other Matters Protected by the EPBC Act



Name Threatened Type of Presence
area

Sharp-tailed Sandpiper [874] Species or species habitat
known to occur within area

Calidris acuminata

Curlew Sandpiper [856] Critically Endangered Species or species habitat
may occur within area

Calidris ferruginea

Pectoral Sandpiper [858] Species or species habitat
may occur within area

Calidris melanotos

Oriental Plover, Oriental Dotterel [882] Species or species habitat
may occur within area

Charadrius veredus

Black-eared Cuckoo [705] Species or species habitat
likely to occur within area

Chrysococcyx osculans

Oriental Pratincole [840] Species or species habitat
may occur within area

Glareola maldivarum

White-bellied Sea-Eagle [943] Species or species habitat
likely to occur within area

Haliaeetus leucogaster

Barn Swallow [662] Species or species habitat
may occur within area

Hirundo rustica

Rainbow Bee-eater [670] Species or species habitat
may occur within area

Merops ornatus

Grey Wagtail [642] Species or species habitat
may occur within area

Motacilla cinerea

Yellow Wagtail [644] Species or species habitat
known to occur within area

Motacilla flava

Osprey [952] Species or species habitat
likely to occur within area

Pandion haliaetus

Painted Snipe [889] Endangered* Species or species habitat
may occur within area

Rostratula benghalensis (sensu lato)

Extra Information

Invasive Species [ Resource Information ]
Weeds reported here are the 20 species of national significance (WoNS), along with other introduced plants
that are considered by the States and Territories to pose a particularly significant threat to biodiversity. The
following feral animals are reported: Goat, Red Fox, Cat, Rabbit, Pig, Water Buffalo and Cane Toad. Maps from
Landscape Health Project, National Land and Water Resouces Audit, 2001.

Name Status Type of Presence
Mammals

Dromedary, Camel [7] Species or species habitat
likely to occur within area

Camelus dromedarius



Name Status Type of Presence

Domestic Dog [82654] Species or species habitat
likely to occur within area

Canis lupus  familiaris

Donkey, Ass [4] Species or species habitat
likely to occur within area

Equus asinus

Horse [5] Species or species habitat
likely to occur within area

Equus caballus

Cat, House Cat, Domestic Cat [19] Species or species habitat
likely to occur within area

Felis catus

House Mouse [120] Species or species habitat
likely to occur within area

Mus musculus

Rabbit, European Rabbit [128] Species or species habitat
likely to occur within area

Oryctolagus cuniculus

Pig [6] Species or species habitat
likely to occur within area

Sus scrofa

Red Fox, Fox [18] Species or species habitat
likely to occur within area

Vulpes vulpes

Plants

Buffel-grass, Black Buffel-grass [20213] Species or species habitat
likely to occur within area

Cenchrus ciliaris

Parkinsonia, Jerusalem Thorn, Jelly Bean Tree, Horse
Bean [12301]

Species or species habitat
likely to occur within area

Parkinsonia aculeata

Reptiles

Flowerpot Blind Snake, Brahminy Blind Snake, Cacing
Besi [1258]

Species or species habitat
may occur within area

Ramphotyphlops braminus



- non-threatened seabirds which have only been mapped for recorded breeding sites

- migratory species that are very widespread, vagrant, or only occur in small numbers

- some species and ecological communities that have only recently been listed

Not all species listed under the EPBC Act have been mapped (see below) and therefore a report is a general guide only. Where available data
supports mapping, the type of presence that can be determined from the data is indicated in general terms. People using this information in making
a referral may need to consider the qualifications below and may need to seek and consider other information sources.

For threatened ecological communities where the distribution is well known, maps are derived from recovery plans, State vegetation maps, remote
sensing imagery and other sources. Where threatened ecological community distributions are less well known, existing vegetation maps and point
location data are used to produce indicative distribution maps.

- seals which have only been mapped for breeding sites near the Australian continent

Such breeding sites may be important for the protection of the Commonwealth Marine environment.

Threatened, migratory and marine species distributions have been derived through a variety of methods.  Where distributions are well known and if
time permits, maps are derived using either thematic spatial data (i.e. vegetation, soils, geology, elevation, aspect, terrain, etc) together with point
locations and described habitat; or environmental modelling (MAXENT or BIOCLIM habitat modelling) using point locations and environmental data
layers.

The information presented in this report has been provided by a range of data sources as acknowledged at the end of the report.
Caveat

- migratory and

The following species and ecological communities have not been mapped and do not appear in reports produced from this database:

- marine

This report is designed to assist in identifying the locations of places which may be relevant in determining obligations under the Environment
Protection and Biodiversity Conservation Act 1999. It holds mapped locations of World and National Heritage properties, Wetlands of International
and National Importance, Commonwealth and State/Territory reserves, listed threatened, migratory and marine species and listed threatened
ecological communities. Mapping of Commonwealth land is not complete at this stage. Maps have been collated from a range of sources at various
resolutions.

- threatened species listed as extinct or considered as vagrants

- some terrestrial species that overfly the Commonwealth marine area

The following groups have been mapped, but may not cover the complete distribution of the species:

Only selected species covered by the following provisions of the EPBC Act have been mapped:

Where very little information is available for species or large number of maps are required in a short time-frame, maps are derived either from 0.04
or 0.02 decimal degree cells; by an automated process using polygon capture techniques (static two kilometre grid cells, alpha-hull and convex hull);
or captured manually or by using topographic features (national park boundaries, islands, etc).  In the early stages of the distribution mapping
process (1999-early 2000s) distributions were defined by degree blocks, 100K or 250K map sheets to rapidly create distribution maps. More reliable
distribution mapping methods are used to update these distributions as time permits.

-21.41119 119.66117
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Appendix B: Definitions, Categories and Criteria for Threatened and Priority 
Ecological Communities (DBCA 2013) 

 

1. GENERAL DEFINITIONS  
 
Ecological Community: A naturally occurring biological assemblage that occurs in a particular 
type of habitat. 
 
Note: The scale at which ecological communities are defined will often depend on the level 
of detail in the information source, therefore no particular scale is specified.  
 
A threatened ecological community (TEC) is one which is found to fit into one of the following 
categories; “presumed totally destroyed”, “critically endangered”, “endangered” or 
“vulnerable”.  
 
Possible threatened ecological communities that do not meet survey criteria are added to 
DEC’s Priority Ecological Community Lists under Priorities 1, 2 and 3. Ecological Communities 
that are adequately known, are rare but not threatened, or meet criteria for Near Threatened, 
or that have been recently removed from the threatened list, are placed in Priority 4. These 
ecological communities require regular monitoring. Conservation Dependent ecological 
communities are placed in Priority 5.  
 
An assemblage is a defined group of biological entities.  
 
Habitat is defined as the areas in which an organism and/or assemblage of organisms lives. It 
includes the abiotic factors (eg. substrate and topography), and the biotic factors.  
 
Occurrence: a discrete example of an ecological community, separated from other examples 
of the same community by more than 20 metres of a different ecological community, an 
artificial surface or a totally destroyed community.  
 
By ensuring that every discrete occurrence is recognised and recorded future changes in 
status can be readily monitored.  
 
Adequately Surveyed is defined as follows:  
“An ecological community that has been searched for thoroughly in most likely habitats, by 
relevant experts.”  
 
Community structure is defined as follows:  
“The spatial organisation, construction and arrangement of the biological elements 
comprising a biological assemblage” (eg. Eucalyptus salmonophloia woodland over scattered 
small shrubs over dense herbs; structure in a faunal assemblage could refer to trophic 
structure, eg. dominance by feeders on detritus as distinct from feeders on live plants).  
 
Definitions of Modification and Destruction of an ecological community:  
Modification: “changes to some or all of ecological processes (including abiotic processes 
such as hydrology), species composition and community structure as a direct or indirect result 
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of human activities. The level of damage involved could be ameliorated naturally or by human 
intervention.”  
 
Destruction: “modification such that reestablishment of ecological processes, species 
composition and community structure within the range of variability exhibited by the original 
community is unlikely within the foreseeable future even with positive human intervention.”  
 
Note: Modification and destruction are difficult concepts to quantify, and their application 
will be determined by scientific judgement. Examples of modification and total destruction 
are cited below:  
 
Modification of ecological processes: The hydrology of Toolibin Lake has been altered by 
clearing of the catchment such that death of some of the original flora has occurred due to 
dependence on fresh water. The system may be bought back to a semblance of the original 
state by redirecting saline runoff and pumping waters of the rising underground watertable 
away to restore the hydrological balance. Total destruction of downstream lakes has occurred 
due to hydrology being altered to the point that few of the original flora or fauna species are 
able to tolerate the level of salinity and/or water logging.  
 
Modification of structure: The understorey of a plant community may be altered by weed 
invasion due to nutrient enrichment by addition of fertiliser. Should the additional nutrients 
be removed from the system the balance may be restored, and the original plant species 
better able to compete. Total destruction may occur if additional nutrients continue to be 
added to the system causing the understorey to be completely replaced by weed species, and 
death of overstorey species due to inability to tolerate high nutrient levels.  
 
Modification of species composition: Pollution may cause alteration of the invertebrate 
species present in a freshwater lake. Removal of pollutants may allow the return of the 
original inhabitant species. Addition of residual highly toxic substances may cause permanent 
changes to water quality, and total destruction of the community.  
 
Threatening processes are defined as follows:  
“Any process or activity that threatens to destroy or significantly modify the ecological 
community and/or affect the continuing evolutionary processes within any ecological 
community.”  
 
Examples of some of the continuing threatening processes in Western Australia include: 
general pollution; competition, predation and change induced in ecological communities as a 
result of introduced animals; competition and displacement of native plants by introduced 
species; hydrological changes; inappropriate fire regimes; diseases resulting from introduced 
microorganisms; direct human exploitation and disturbance of ecological communities.  
 
Restoration is defined as returning an ecological community to its pre-disturbance or natural 
state in terms of abiotic conditions, community structure and species composition.  
 
Rehabilitation is defined as the re-establishment of ecological attributes in a damaged 
ecological community although the community will remain modified. 
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2. DEFINITIONS AND CRITERIA FOR PRESUMED TOTALLY DESTROYED, CRITICALLY 

ENDANGERED, ENDANGERED AND VULNERABLE ECOLOGICAL COMMUNITIES  
 
Presumed Totally Destroyed (PD)  
An ecological community that has been adequately searched for but for which no 
representative occurrences have been located. The community has been found to be totally 
destroyed or so extensively modified throughout its range that no occurrence of it is likely to 
recover its species composition and/or structure in the foreseeable future.  
 
An ecological community will be listed as presumed totally destroyed if there are no recent 
records of the community being extant and either of the following applies (A or B):  
 

A) Records within the last 50 years have not been confirmed despite thorough searches 
of known or likely habitats or  

 
B) All occurrences recorded within the last 50 years have since been destroyed 
 

Critically Endangered (CR)  
An ecological community that has been adequately surveyed and found to have been subject 
to a major contraction in area and/or that was originally of limited distribution and is facing 
severe modification or destruction throughout its range in the immediate future, or is already 
severely degraded throughout its range but capable of being substantially restored or 
rehabilitated.  
 
An ecological community will be listed as Critically Endangered when it has been adequately 
surveyed and is found to be facing an extremely high risk of total destruction in the immediate 
future. This will be determined on the basis of the best available information, by it meeting 
any one or more of the following criteria (A, B or C):  
 

A) The estimated geographic range, and/or total area occupied, and/or number of 
discrete occurrences since European settlement have been reduced by at least 90% 
and either or both of the following apply (i or ii):  

 
i) geographic range, and/or total area occupied and/or number of discrete 

occurrences are continuing to decline such that total destruction of the 
community is imminent (within approximately 10 years);  
 

ii) modification throughout its range is continuing such that in the immediate future 
(within approximately 10 years) the community is unlikely to be capable of being 
substantially rehabilitated.  
 

B) Current distribution is limited, and one or more of the following apply (i, ii or iii):  
 

i) geographic range and/or number of discrete occurrences, and/or area occupied 
is highly restricted and the community is currently subject to known threatening 
processes which are likely to result in total destruction throughout its range in the 
immediate future (within approximately 10 years); 
 

ii) there are very few occurrences, each of which is small and/or isolated and 
extremely vulnerable to known threatening processes;  
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iii) there may be many occurrences but total area is very small and each occurrence 
is small and/or isolated and extremely vulnerable to known threatening 
processes.  
 

C) The ecological community exists only as highly modified occurrences that may be 
capable of being rehabilitated if such work begins in the immediate future (within 
approximately 10 years).  

 
Endangered (EN)  
An ecological community that has been adequately surveyed and found to have been subject 
to a major contraction in area and/or was originally of limited distribution and is in danger of 
significant modification throughout its range or severe modification or destruction over most 
of its range in the near future.  
 
An ecological community will be listed as Endangered when it has been adequately surveyed 
and is not Critically Endangered but is facing a very high risk of total destruction in the near 
future. This will be determined on the basis of the best available information by it meeting 
any one or more of the following criteria (A, B, or C):  
 

A) The geographic range, and/or total area occupied, and/or number of discrete 
occurrences have been reduced by at least 70% since European settlement and 
either or both of the following apply (i or ii):  

 
i) the estimated geographic range, and/or total area occupied and/or number of 

discrete occurrences are continuing to decline such that total destruction of the 
community is likely in the short term future (within approximately 20 years);  
 

ii) modification throughout its range is continuing such that in the short term future 
(within approximately 20 years) the community is unlikely to be capable of being 
substantially restored or rehabilitated.  
 

B) Current distribution is limited, and one or more of the following apply (i, ii or iii):  
 

i) geographic range and/or number of discrete occurrences, and/or area occupied 
is highly restricted and the community is currently subject to known threatening 
processes which are likely to result in total destruction throughout its range in the 
short term future (within approximately 20 years);  
 

ii) there are few occurrences, each of which is small and/or isolated and all or most 
occurrences are very vulnerable to known threatening processes;  
 

iii) there may be many occurrences but total area is small and all or most occurrences 
are small and/or isolated and very vulnerable to known threatening processes.  
 

C) The ecological community exists only as very modified occurrences that may be 
capable of being substantially restored or rehabilitated if such work begins in the 
short-term future (within approximately 20 years). 

 
Vulnerable (VU)  
An ecological community that has been adequately surveyed and is found to be declining 
and/or has declined in distribution and/or condition and whose ultimate security has not yet 
been assured and/or a community that is still widespread but is believed likely to move into 


