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1. Introduction

1.1 Background

Roy Hill is in the process of submitting a Revised Proposal to be assessed by the Western Australian
Environmental Protection Authority (EPA) under the Environmental Protection Act 1986 and the
Commonwealth Department of the Environment and Energy (DoEE) under the Environment
Protection and Biodiversity Conservation Act 1999. The Revised Proposal includes:

e Anincrease in the ground disturbance footprint by up to 5,995 ha;

e Life of Mine (LOM) water management strategy (including water abstraction, dewatering
and Managed Aquifer Recharge (MAR));

e Revised waste material management strategy including changes to backfilling of pits and
waste rock dump locations;

e Development of permanent surface water structures; and
e Anincrease to greenhouse gas emissions.

As part of the Revised Proposal, the EPA has requested a consolidated Vegetation and Flora report
to summarise the survey effort undertaken within the Revised Development Envelope (RDE)
(97,946.8 ha) shown in Figure 1.1.

1.2 Scope
The scope of work is as follows:
e Undertake document review of previous flora and vegetation surveys dating back to 2009.

e Verify that results of previous Department of Biodiversity, Conservation and Attraction (DBCA)
data base searches are current and accurate and that all taxonomic identifications are up to
date.

e Demonstrate that all previous reports listed in Table 1 of the provided Scope of Works are
relevant and representative of the RDE.

e Determine if previous flora and vegetation surveys are consistent with current EPA policy and
guidelines and provide supporting evidence where required.

e Consolidate spatial data from previous flora and vegetation surveys and produce maps of all
species of conservation and national significance.

e Produce a flora and vegetation report to summarise the survey effort undertaken within the
RDE in support of the Revised Proposal.

©JBS&G Australia Pty Ltd T/A Strategen-JBS&G | JBS&G58085-127117 (Rev 3) 1
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2. Context

2.1 Legislative context

Flora and vegetation in Western Australia is protected formally by a number of legislative mechanismes,
including:

e Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) — Australian
Government;

e Biodiversity Conservation Act 2016 (BC Act) — State;
e Environmental Protection Act 1986 (EP Act) — State;
e Biosecurity and Agriculture Management Act 2007 (BAM Act) — State;

A short description of each legislative measure is given below. Other definitions, including species
conservation categories, are provided in Appendix A.

2.1.1 EPBCAct

The EPBC Act aims to protect matters of national environmental significance, which are detailed in
Appendix A. Under the EPBC Act, the Commonwealth Department of the Environment and Energy
(DEE) lists protected species and Threatened Ecological Communities (TECs) by criteria set out in the
Act. Species are conservation significant if they are listed as Threatened (i.e. Critically Endangered,
Endangered and Vulnerable) or Migratory.

2.1.2 BCAct

DBCA lists taxa (flora and fauna) under the provisions of the BC Act as protected and are classified as
according to their need for protection (see Appendix A). The BC Act makes it an offence to ‘take’
threatened species without an appropriate licence. There are financial penalties for contravening the
BC Act.

2.1.3 EPAct

Threatened flora, fauna (and significant habitat necessary for the maintenance of indigenous fauna)
and TECs are given special consideration in environmental impact assessments and have special
status as Environmentally Sensitive Areas (ESAs) under the EP Act and the Environmental Protection
(Clearing of Native Vegetation) Regulations 2004. Exemptions for a clearing permit do not apply in
an ESA.

2.1.4 BAMAct

The BAM Act provides for management and control of listed organisms, including introduced flora
species (weeds). Species listed as declared pests under the BAM Act are classified under three
categories:

1. C1 Exclusion: Pests assigned under this category are not established in Western Australia, and
control measures are to be taken to prevent them entering and establishing in the State;

2. C2 Eradication: Pests assigned under this category are present in Western Australia in low
enough numbers or in sufficiently limited areas that their eradication is still a possibility; and

3. C3 Management: Pests assigned under this category are established in Western Australia, but it
is feasible, or desirable, to manage them in order to limit their damage. Control measures can
prevent a C3 pest from increasing in population size or density or moving from an area in which
it is established into an area that is currently free of that pest.

Under the BAM Act, land managers are required to manage populations of declared pests as
outlined under the relevant category.

©JBS&G Australia Pty Ltd T/A Strategen-JBS&G | JBS&G58085-127117 (Rev 3) 3
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2.2 Environmental setting
2.2.1 Soils and topography
The Survey Area is located within the Fortescue (PILO2) subregion of Western Australia (Beard 1990).

Beard (1990) described the basic geological components in the subregion as a basement of Archaean
granite and volcanics, overlain by massive deposits of Proterozoic sediments (including jaspilite and
dolomite) and volcanics. It is a mountainous region with hard alkaline red soils on plains and
pediments, with shallow and skeletal soils on the ranges (Van Vreeswyk et al. 2004).

The Atlas of Australian Soils (Northcote et al. 1960-1968) was compiled by CSIRO (Commonwealth
Scientific and Industrial Research Organisation) in the 1960's to provide a consistent national
description of Australia's soils. It comprises of a series of ten maps and associated explanatory notes
and is published at a scale of 1:2,000,000, but the original compilation was at scales from 1:250,000
to 1:500,000.

Five broad soil landscape units have been mapped across the Study Area, comprising Mz25, Fal4,
Oc71, MM16 and Lb12 (Northcote et al. 1960-1968) (Figure 2.1 and Table 2.1). Soil landscape units
0Oc71, Mz25, MM16 and Lb12 occurred in association with the Fortescue River and associated
floodplains. The remaining soil landscape unit, Fal4, is associated with the Chichester Ranges. Mz25
was the most extensive unit, followed by Oc71.

Table 2.1: Soil mapping units within the RDE (Northcote et al. 1960-1968)

Area covered Percentage
Soil unit Description cover in RDE

(%)
Oc71 Outwash plains with much coarse surface gravel: the chief soils are hard 28,105.38 28.69
alkaline red soils (Dr2.33), but (Uf6.71), (Ug5.38), and (Gn2.12) soils also
occur. There are areas of (Gc) soils in proximity to unit Lb12.
Mz25 Plains associated with the Fortescue valley; there is a surface cover of stony | 55,028.22 56.18
gravels close to the ranges and hills: chief soils are acid red earths (Gn2.11)
with some neutral red earths (Gn2.12); red-brown hardpan is absent.
Associated are areas of calcareous earths (Gc) and loams (Um1) on kunkar,
and some hard red (Dr) soils around creek lines.
Fala Steep hills and steeply dissected pediments on areas of banded jaspilite 2,083.88 2.13
and chert along with shales, dolomite, and iron ore formations; some
narrow winding valley plains: chief soils are shallow stony earthy loams
(Um5.51) along with some (Uc5.11) soils on the steeper slopes. (Dr2.33,
Dr2.32) soils which occur on the pediments are more extensive in this unit
than in unit Fal3. (Um5.52) and (Uf6.71) soils occur on the valley plains.
Lb12 Valley flats along major drainage lines, associated with limestone and 10,764.43 10.99
calcareous gravels (kunkar): chief soils are highly calcareous earths
(Gc1.12), with minor areas of shallow calcareous loams (Um1.1). Associated
are areas of hard red soils (Dr2.33) and some cracking clays (Ug5.37).
MM16 Alluvial plains dominated by deep cracking clays (Ug5.38), along with some |1,963.58 2.00
areas of (Uf6.71) soils and minor areas of (Dr2.33) soils.
Total 97945.49 100

in RDE (ha)
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2.2.2 Land systems

The Pilbara land systems are grouped into land types according to a combination of landformes, soils,
vegetation and drainage patterns (Van Vreeswyk et al. 2004). Within the Pilbara region 102 land
systems have been identified from aerial photography. The survey area falls within thirteen land
systems outlined in Table 2.2 and Figure 2.2.

Table 2.2: Land systems as described by Van Vreeswyk et al. (2004)

Area covered in the
Pilbara region (ha)

Land System Description

Fan Washplains and gilgai plains supporting groved Mulga shrublands and minor 148,200
tussock grasslands

Divide Sandplains and occasional dunes supporting shrubby hard spinifex grasslands 529,300

Narbung Alluvial washplains with prominent internal drainage foci supporting snakewood |15,900
and Mulga shrublands with halophytic low shrubs

Jamindie Stony hardpan plains and rises supporting groved Mulga shrublands, occasionally |207,400
with spinifex understorey

Turee Stony alluvial plains with gilgaied and non-gilgaied surfaces supporting tussock 58,100
grasslands and grassy shrublands

McKay Hills, ridges, plateaux remnants and breakaways of meta sedimentary and 420,200
sedimentary rocks supporting hard spinifex grasslands

Newman Rugged jaspilite plateaux, ridges and mountains supporting hard spinifex 145,800
grasslands

Brockman Alluvial plains with cracking clay soils supporting tussock grasslands 73,500

Coolibah Flood plains with weakly gilgaied clay soils supporting coolabah woodlands with | 101,400
tussock grass understorey

Warri Low calcrete platforms and plains supporting Mulga and cassia shrublands 30,500

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

Adrian Stony plains and low silcrete hills supporting hard spinifex grasslands. 23,500

Calcrete Low calcrete platforms and plains supporting shrubby hard spinifex grasslands. 144,400

©JBS&G Australia Pty Ltd T/A Strategen-JBS&G | JBS&G58085-127117 (Rev 3) 6
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2.2.3 Climate

The Pilbara bioregion has a semi-desert to tropical climate, with rainfall occurring sporadically
throughout the year, although mostly during summer (Thackway & Cresswell 1995). Summer rainfall
is usually the result of tropical storms in the north or tropical cyclones that impact upon the coast
and move inland (Leighton 2004). The winter rainfall is generally lighter and is the result of cold
fronts moving north easterly across the state (Leighton 2004). The average annual rainfall ranges
from 200-360 mm, although there are significant fluctuations between years (BoM 2019), with up to
1200 mm falling in some locations in some years (McKenzie et al. 2009). In 2019 the annual rainfall
at the Newman airport was 115.8 mm; with May, July and September receiving 0 mm. The average
monthly maximum temperature ranges from 23 °Cin June to 39.3 °C in December. Average monthly
minimum temperatures range from 6.4 °Cin July to 25.1 °Cin January.

Long-term climatic data is not available for the Survey Area itself, however, data is available from the
Bureau of Meteorology (BoM) weather station at Newman Airport (Station 7176), 80 km south of
the Survey Area (BoM 2019). The Newman Airport record is the most accurate long-term average
(LTA) dataset for climatic conditions experienced within the Survey Area (Figure 2.3). Although there
are several weather stations located closer to the Survey Area (i.e. Bonney Downs, Noreena Station,
Christmas Creek), the information collected is sporadic with data missing for numerous days.

80 45

70 40

60 35
30 ~
T 50 g*
£ 2% g
= .. 5
s 40 e s
£ 20 2
& 30 °., g
15 =
‘a .0
20 10
e ... Less® o°
10 1 I 5
. i1 = 1 .
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
Rainfall (mm) (2019) mmmmm \Vonthly Rainfall (mm) (1972-2020)

e+ Mean Minimum Temperature (°C) (1997-2020) ===@==Mean Maximum Temperature (°C) (1997-2020)

Figure 2.3: Monthly average rainfall and temperature at Newman Airport (Station 007176)
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2.2.4 Regional vegetation

Vegetation occurring within the region was initially mapped at a broad scale (1:1 000 000) by Beard
during the 1970s. This dataset has formed the basis of several regional mapping systems, including
physiographic regions defined by Beard (1975) which led to the delineation of botanical districts as
described in Beard (1990) and the biogeographical region dataset (Interim Biogeographic
Regionalisation for Australia, IBRA) for Western Australia (DEE 2019a).

2.2.4.1 Beard (1990) Botanical Subdistrict

The Survey Area occurs within the Fortescue Botanical District which is characterised by tree- and
shrub-steppe communities with Eucalyptus trees, Acacia shrubs, Triodia pungens and T. wiseana.
Some Mulga occurs in valleys and there are short-grass plains on alluvia (Beard 1990).

2.2.4.2 IBRA subregions

IBRA describes a system of 85 ‘biogeographic regions’ (bioregions) and 403 subregions covering the
entirety of the Australian continent (Thackway & Cresswell 1995). Bioregions are defined on the
basis of climate, geology, landforms, vegetation and fauna.

The Survey Area occurs within the Pilbara bioregion (PILO2 — Fortescue subregion) of Western
Australia (Thackway & Cresswell 1995). The Pilbara bioregion is characterised by vast coastal plains
and inland mountain ranges with cliffs and deep gorges (Thackway & Cresswell 1995). Vegetation is
predominantly Mulga (Acacia aneura and close relatives) low woodlands or snappy gum (Eucalyptus
leucopholia) over bunch and hummaock grasses (Bastin 2008).

Within the Pilbara bioregion, the Survey Area occurs predominantly within the Fortescue (PILO2)
subregion (Table 2.3, Figure 2.4: IBRA subregions within and surrounding the RDE). The Fortescue
subregion is characterised by alluvial plains and river frontage (Kendrick 2001). The Fortescue
contains extensive salt marsh, Mulga-bunch grass, and short grass communities on alluvial plains,
and river gum woodlands fringing major drainage line (Kendrick 2001). The significant and dominant
feature of this subregion is the Fortescue River (EPA 2013). The lower Fortescue River arises from
streams draining the Chichester and Hammersley Ranges below the March and west of the
Goodiadarrie Hills (McKenzie et al. 2003).

A small portion of the Survey Area occurs within the Chichester subregion which is characterised by
undulating Archean granite and basalt plains including significant area of basaltic ranges (Kendrick &
McKenzie, 2001). The Chichester contains plains which support a shrub steppe dominated by Acacia
inaequilatera over a hummock grassland of Triodia wiseana, while snappy gum (Eucalyptus
leucophloia) tree steppes occur on the ranges (Kendrick & McKenzie, 2001). Drainage occurs in the
northern portion of the subregion via numerous large river systems (De Grey, Oakover, Nullagine,
Shaw, Yule and Sherlock) (Kendrick & McKenzie, 2001).

Table 2.3: IBRA subregions within the RDE

Area in RDE Percentage

IBRA subregion

(LE)] cover in RDE (%)
Chichester 350.6 0.36
Fortescue 97,596.2 99.64
Total 97,946.8 100

©JBS&G Australia Pty Ltd T/A Strategen-JBS&G | JBS&G58085-127117 (Rev 3) 9
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2.2.5 Vegetation association mapping

Vegetation occurring within the region was initially mapped at a broad scale (1: 1 000 000) by Beard
during the 1970s. This dataset formed the basis of several regional mapping systems, including the
biogeographical region dataset (Interim Biogeographic Regionalisation for Australia) for Western
Australia (DEE 2017) and the physiographic regions defined by Beard (1975).

The Survey Area is located in the Austin Botanical District, which is a part of the Eremaean Province.
It is predominantly Mulga low woodlands (Acacia aneura) on plains, reduced to scrub on hills. Tree
steppe of Eucalyptus spp. and Triodia basedowii occur on sand plains within the area (Beard, 1990).
The Survey Area comprises six Beard (1975) vegetation associations (Figure 2.5) as follows:

e 29: Sparse low woodland; Mulga (Acacia aneura and close relatives), discontinuous in
scattered groups

e 111: Hummock grasslands, shrub steppe; Eucalyptus gamophylla over hard spinifex (Triodia
spp.)

e 173: Hummock grasslands, shrub steppe; kanji over soft spinifex & Triodia wiseana on basalt

e 197: Sedgeland; sedges with scattered medium trees; coolabah (Eucalyptus victrix) over
various sedges and forbs

e 562: Mosaic: Low woodland; Mulga in valleys / Hummock grasslands, open low tree-steppe;
snappy gum over Triodia wiseana

e 676: Succulent steppe; samphire (Tecticornia spp.).
Percentage remaining of each vegetation association is provided in Table 2.4 (GoWA 2019).

Table 2.4: Beard (1975) vegetation associations within the Survey Area
Percent

Veget_a t'.o " Description remaining in IBRA Percent extent in
Association . RDE (%)
Region (%)

29 Sparse low woodland; Mulga (Acacia aneura and close relatives), 99.98 77.63
discontinuous in scattered groups

1111 Hummock grasslands, shrub steppe; Eucalyptus gamophylla over 99.99 5.48
hard spinifex (Triodia spp.)

173.1/ Hummock grasslands, shrub steppe; kanji over soft spinifex & 99.39/ 0.25/

173.2 Triodia wiseana on basalt 99.90 0.08

197.2 Sedgeland; sedges with scattered medium trees; coolabah 99.92 11.80
(Eucalyptus victrix) over various sedges and forbs

562 Mosaic: Low woodland; Mulga in valleys / Hummock grasslands, 100.00 4.59
open low tree-steppe; snappy gum over Triodia wiseana

676.17 Succulent steppe; samphire (Tecticornia spp.) 99.99 0.17

Total 100

©JBS&G Australia Pty Ltd T/A Strategen-JBS&G | JBS&G58085-127117 (Rev 3) 11
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3. Methods

3.1 Desktop assessment
3.1.1 Vascular flora species review

The vascular flora species list in the reports listed in Appendix B were reviewed using the current
Pilbara species list (WA Herbarium (WAH) updated 16 January 2020.) Current nomenclature,
conservation status and naturalised status was also assessed against FloraBase (30 Jan 2020, Version
2.9.39 [WAH, 2020]) to ensure validity and currency.

3.1.2 Vegetation unit description review

Following the review and update of the vascular flora species list, and spatial analysis, the vegetation
unit descriptions from ecologia (2009a & b), G & G Environmental (2009), Stantec (2017), Vital
Options (2010), Maia (2018) and Biologic (2018) were reviewed and updated where necessary.
Updates to the vegetation unit descriptions were made to ensure the validity and currency of the
dominant flora species. The review and updates were also focussed on the structural definition to
ensure it aligned with the Native Vegetation Information System (NVIS) structural definition (ESCAVI
2003). The NVIS structural definition is the nationally adopted classification system and should be
used for vegetation descriptions (EPA 2016).

The sampling effort for each vegetation unit mapped in the reports listed in Table 4.7 was assessed
based on the Technical Guidance for flora and vegetation in Western Australia (EPA 2016). The
number of quadrats per vegetation unit mapped was assessed to determine if they were consistent
with the technical guidelines.

3.1.3 Vegetation condition

The vegetation condition was determined based on the level of disturbance observed in an area and
was assessed using the vegetation condition scale recommended by the EPA for assessment within
the Eremaean Botanical Province (EPA 2016b), which has been adapted from Trudgen (1988) and
Keighery (1994) (Table 3.1).

Table 3.1: Vegetation condition scale (EPA 2016b)

Vegetation . .
g o Eremaean and Northern Botanical Provinces
condition
Excellent Pristine or nearly so, no obvious signs of damage caused by human activities since European settlement.
Very Good Some relatively slight signs of damage caused by human activities since European settlement. For

example, some signs of damage to tree trunks caused by repeated fire, the presence of some relatively
non-aggressive weeds or occasional vehicle tracks.

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

Poor Still retains basic vegetation structure or ability to regenerate it after very obvious impacts of human
activities since European settlement, such as grazing, partial clearing, frequent fires or aggressive weeds.
Degraded Severely impacted by grazing, very frequent fires, clearing or a combination of these activities. Scope for

some regeneration but not to a state approaching good condition without intensive management.
Usually with a number of weed species present including very aggressive species.

Completely Areas that are completely or almost completely without native species in the structure of their
Degraded vegetation; i.e. areas that are cleared or ‘parkland cleared’ with their flora comprising weed or crop
species with isolated native trees or shrubs.
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4, Results

4.1.1 Updated vascular flora list

In 2010 the Western Australian Herbarium rearranged its vascular plant collection. The revised
systematic sequence is now based on phylogeny of the Angiosperm Phylogeny Group (APGIIIl) (WAH
2017). The review to the APGIII system resulted in changes to the Family level. As such, several
Families were merged into the Fabaceae.

Further work on the vascular plants in the Pilbara has also resulted in several species being reduced
to sub species, while others upgraded to a species level in their own right (Barrett 2017, Stantec
2017).

Changes to previously listed nomenclature are reported in (Table 4.1), along with the justification for
the change in nomenclature. The full species list can be found in Appendix B.
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Table 4.1: Summary of changes to nomenclature of the consolidated species list

Species Conservation Family Species Current Taxon Conservati Comment
(Pre Stantec) rating / (Stantec) on rating /
introduced introduced

Mimosaceae Acacia Priority 3 Fabaceae Acacia Not listed as a Priority on FloraBase as of Jan
glaucocaesia glaucocaesia 2020

Papilionaceae Isotropis forrestii Fabaceae Isotropis P1 https://florabase.dpaw.wa.gov.au/browse/p

forrestii rofile/3994

Aizoaceae Trianthema Aizoaceae Trianthema Trianthema Trianthema oxycalyptra F.Muell. var.
oxycalyptra var. oxycalyptrum | oxycalyptrum oxycalyptra is incorrectly spelt, see
oxycalyptra var. F.Muell. var. Trianthema oxycalyptrum F.Muell. var.

oxycalyptrum | oxycalyptrum. oxycalyptrum.
Reason: See W.L. Tjaden in Taxon 44:213-
216(1995)
Aizoaceae Trianthema pilosa Aizoaceae Trianthema pi | Trianthema pilosum Trianthema pilosa F.Muell. is incorrectly
losum F.Muell spelt, see Trianthema pilosum F.Muell.
Reason: See W.L. Tjaden in Taxon 44:213-
216(1995

Aizoaceae Trianthema Aizoaceae Trianthema Trianthema Trianthema triquetra Willd. is incorrectly

triquetra triquetrum triquetrum Willd. spelt, see Trianthema triquetrum Willd.
Reason: See W.L. Tjaden in Taxon 44: 213-
216 (1995)
Aizoaceae Trianthema Aizoaceae Trianthema Trianthema Trianthema glossostigma F.Muell. is
glossostigma glossostigmu | glossostigmum incorrectly spelt, see Trianthema
m F.Muell. glossostigmum F.Muell.
Reason: See W.L. Tjaden in Taxon 44:213-
216(1995)

Amaranthaceae Ptilotus Amaranthaceae | Ptilotus Ptilotus Ptilotus calostachyus F.Muell. var.
calostachyus var. calostachyus | calostachyus calostachyus is more recently known as
calostachyus F.Muell Ptilotus calostachyus F.Muell.

Reason: See A.R. Bean in Telopea
12:232(2008)
Amaranthaceae Ptilotus exaltatus Amaranthaceae | Ptilotus Ptilotus nobilis Ptilotus nobilis (Lindl.) F.Muell. subsp. nobilis
var. exaltatus nobilis subsp. | (Lindl.) F.Muell is more recently known as Ptilotus nobilis
nobilis (Lindl.) F.Muell.
Reason: No subspecies recognised. See T.A.
Hammer et al. in Austral.Syst.Bot. 31:277
(2018).
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Comment

Ptilotus Amaranthaceae | Ptilotus Vincetoxicum Ptilotus gaudichaudii (Steud.) J.M.Black
gaudichaudii var. gaudichaudii |lineare (Decne.) subsp. gaudichaudii is more recently known
gaudichaudii subsp. Meve & Liede as Ptilotus gaudichaudii (Steud.) J.M.Black
gaudichaudii Reason: No subspecies recognised. See T.A.
Hammer et al. in Austral.Syst.Bot. 31:3
(2018)
Asclepiadaceae Rhyncharrhena Apocynaceae Rhyncharrhen | Vincetoxicum Rhyncharrhena linearis (Decne.) K.L.Wilson is
linearis a linearis lineare (Decne.) more recently known as Vincetoxicum
Meve & Liede lineare (Decne.) Meve & LiedeReason: See S.
Liede-Schumann & U. Meve in Phytotaxa
369:154 (2018)
Convolvulaceae Bonamia media Convolvulaceae |- Bonamia media Not formally recognised nomenclature;
var. media (R.Br.) Hallier f. Bonamia media var. villosa (Benth.) Myint is
more recently known as Bonamia media
(R.Br.) Hallier
Reason: Fide N. Fechner & R.W. Johnson in
litt. 5/5/2010
Malvaceae Sida sp. verrucose Malvaceae Sida sp. Sida sp. L (A.M. Sida sp. verrucose glands (F.H. Mollemans
glands (F. H verrucose Ashby 4202) 2423) is more recently known as Sida sp. L
Mollemans 2423) glands (F.H. (A.M. Ashby 4202)
Mollemans Reason: Fide R.M. Barker pers. comm. (2017)
2423)
Poaceae Triodia basedowii Poaceae Triodia sp. Triodia scintillans Triodia sp. Warrawagine (A.L. Payne PRP
Warrawagine |B.M.Anderson & 1859) is more recently known as Triodia
(A.L. Payne M.D.Barrett scintillans B.M.Anderson & M.D.Barrett
PRP 1859) Reason: See B.M. Anderson et al. in
Austral.Syst.Bot. 30:224 (2017)
Poaceae Triodia sp. Poaceae Triodia sp. Triodia scintillans Triodia sp. Warrawagine (A.L. Payne PRP
Shovelanna Hill Warrawagine |B.M.Anderson & 1859) is more recently known as Triodia
(S. van Leeuwen (A.L. Payne M.D.Barrett scintillans B.M.Anderson & M.D.Barrett
3835) PRP 1859) Reason: See B.M. Anderson et al. in
Austral.Syst.Bot. 30:224 (2017)
Poaceae Triodia sp. Poaceae Triodia Triodia Triodia sp. Shovelanna Hill (S. van Leeuwen
Shovelanna Hill vanleeuwenii | vanleeuwenii 3835) is more recently known as Triodia

(S. van Leeuwen
3835)

B.M.Anderson &
M.D.Barrett

vanleeuwenii B.M.Anderson & M.D.Barrett
Reason: See B.M. Anderson et al. in
Austral.Syst.Bot. 30:226 (2017)
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Comment

Barrett, M.D. (2019) Triodia veniciae
(Poaceae), a new species from the Pilbara
region, Western Australia. Nuytsia: The
Journal of the Western Australian Herbarium
,30,221-228

Zygophyllaceae

Zygophyllum
iodocarpum

Zygophyllaceae

Zygophyllum
iodocarpum

Roepera iodocarpa
(F.Muell.) Beier &
Thulin

Zygophyllum iodocarpum F.Muell. is more
recently known as Roepera iodocarpa
(F.Muell.) Beier & Thulin

Reason: See B.-A. Beier et al. in Pl.Syst.Evol.
240:31 (2003)

Myoporaceae

Eremophila
platycalyx

Scrophulariaceae

FloraBase has record in Pilbara Jan 2020,
Specifically Newman area. This may be a
range extension, however, ID needs to be
confirmed
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4.1.2 Updated conservation significant flora

A total of eight Priority listed flora have been recorded within the RDE since 2009 (Table 4.2). Three
new Priority 1 species have been added to the list since 2017; Isotropis forrestii was listed as a P1 in
June 2018 and based on the location of the reference sample held at the WA Herbarium, the
population recorded as occurring within the RDE may represent a range extension for this species.
Triodia veniciae was listed as a P1 in January 2019. T. veniciae was also gazetted as a new species in
October 2019 (Barrett, 2019). Stemodia sp. Battle Hill (A.L. Payne 1006) was recorded during
targeted surveys conducted in 2019 and 2020 (Biologic 2020).

Acacia glaucocaesia was removed from the priority list in January 2018. No reason for the status
change has been given by the WA Herbarium.

Of the eight priority species listed in Table 4.2, Biologic determined from targeted surveys conducted
in 2019 and 2020, and from further investigations, that three species previous records within the
RDE are likely erroneous, and unlikely to occur within the RDE. These are:

e Fremophila pilosa (P1) — suitable habitat not present in northern half of RDE

e [sotropis forrestii (P1) — recent taxonomy and review of collections made suggest that all
these previous records are Isotropis sp. Arid Zone (G. Byrne 2775)

e Rostellularia adscendens var. latifolia (P3) — previously considered to be widespread in the
Study Area, however review of specimens collected during March 2020 trip suggest they are
the common variety Rostellularia adscendens var. clementii.

Locations of the Priority 1 species recorded from the RDE, and updated to reflect the removal of
erroneous records of the above three species, as well as the other listed flora of conservation
significance are shown in Figure 4.1.

Table 4.2: Updated list of conservation significant flora within the RDE
%

Sheaes Conservation Within RDE  within  Total Published numbers
Status (NatureMap)
RDE
Eremophila pilosa Priority 1 842 66.51 1,266 Unknown — known
from 23 locations
Eremophila youngii subsp. lepidota Priority 4 1,393 96.67 1,441 Unknown — known
from 60 locations
Goodenia nuda Priority 4 223 40.99 544 Unknown — known
from 122 locations
Rhagodia sp. Hamersley (M. Trudgen Priority 3 1,855 94.26 1,968 Unknown — known
17794) from 67 locations
Stemodia sp. Battle Hill (A.L. Payne 1006) | Priority 1 295 81.27 |[363 Unknown — known
from 3 locations
Triodia veniciae Priority 1 17,058 45,51 37,481 Unknown — known
from 14 locations
Triodia ? veniciae Priority 1 64 99.39 65 As above
(occurrences) (occurrences)
Isotropis forrestii 1 Priority 1 0 0 0 Unknown — known
from 30 locations
Rostellularia adscendens var. latifolia Priority 3 0 0 0 Unknown — known
from 48 locations

(1) previously thought to be within RDE are now considered NOT to be within RDE based on re-identification

4.1.2.1 Range extensions

Maia (2018) identified 13 potential range extensions within the study area. Of these, four are no
longer considered range extensions based on updated distribution data (Bonamia rosea, Euphorbia
drummondii, Ipomoea ?polymorpha, and Maireana tomentosa subsp. tomentosa). The remaining

©JBS&G Australia Pty Ltd | JBS&G58085-127117 (Rev 3) 18



&

"ﬁ strategen

JBSsG

nine taxa are listed in Table 4.3 below. Of the nine species, Leiocarpa semicalva is considered to be
an erroneous record or mis-identification based on known habitat preference. The remainder are

not considered to be significant range extensions based on known distribution, local unvouchered
records or taxonomic detail.

Table 4.3: Updated list of Range Extension taxa within the RDE

Closest known

Species

record

Comments

Known distribution

(NatureMap)

Acacia glaucocaesia 126km NE Not significant as previously recorded
on Roy Hill mining tenements within
100 km of Study Area.
@
@
3 ® e g
. » %
i @)
s
Boerhavia paludosa 117km W Not significant as previously recorded
on Roy Hill mining tenements within
100 km of Study Area.
®
- e
°
¢
.' ’// .\‘
é &)
b
Calandrinia quadrivalvis | 109km N Not significant as previously recorded
on Roy Hill mining tenements within
50 km of Study Area. & *
@
« *
(e}
® % o° ®
LA ®
//"‘\
.
L
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Species

Glycine tomentella

Closest known
record

(NatureMap)

169km SW

Comments

extend the overall known range, it
represents the most south-eastern
extent within the Pilbara region.
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Known distribution

New record. While this record doesn’t

Hibiscus sp. Gardneri
(A.L. Payne PRP 1435)

105km NE

Not considered significant. This record
doesn’t extend the overall known
range within Western Australia or the
Pilbara region.

Leiocarpa semicalva

115km SW

Considered erroneous record — all the
known records within the Pilbara
region been recorded on ridges and
ranges, which area not present within
the vegetation where this record is
located.

Ptilotus obovatus
var. obovatus

137km W

Not considered significant — while this
variant has limited records within the
Pilbara region, there is only one other
variant known to occur within Western
Australia (Ptilotus obovatus var.
griseus) which is restricted to the
Central Ranges region. Based on this,
and the known range of Ptilotus
obovatus, the record is not considered
significant.
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Closest known
Species record Comments Known distribution
(NatureMap)
Tinospora smilacina 137km NW New record. While this record doesn’t Q
extend the overall known range, it $<
represents the most south-eastern .6..
extent within the Pilbara region. »%0e
o 0
o ®
[ )
® ‘.' ® ®
oo &3 o4
@ } I'/’\ \
Wie)
N _'/'
Vittadinia dissecta 146km NE New record. While this record doesn’t
extend the overall known range, it
represents only the 4th record within
the Pilbara region.
-~ ®
® // ~\
i @)
.\._'/ ®

(1) Note: ‘ = RDE; 100 km buffer shown as black dashed line.

4.1.3 Updated introduced flora

There are significant populations of weeds within the RDE. To date, 22 introduced species that may
have a significant impact on the vegetation communities and fire potential have been identified
within the RDE (Table 4.3). The heavy cattle grazing pressure within the RDE, as well as the
movement of topsoil through mining operations used on the site has increased the weed
populations significantly (Vital Options 2010, Biologic 2019). The dominate weed species across the
RDE is *Cenchrus ciliaris (Buffel Grass). This taxon is widespread across the RDE, and is commonly
associated with wetland areas (floodplains, creeks and Mulga communities). The widespread
distribution of this species is linked with high grazing pressure and cattle trampling which continues
to spread this taxon further.

Two introduced species of significance were also reported (Maia, 2014, Biologic 2018). *Parkinsonia
aculeata was reported in seven locations with the RDE. Parkinsonia aculeata is one of 32 weeds of
national significance (WoNS), is a declared plant pest under the BAM Act, and is a DBCA priority
alert. Baseline weed surveys conducted in 2016 and 2016 have not reported any occurrences of
Parkinsonia aculeata within the Mine area. *Calotropis procera has also been reported within the
Mine area of the RDE. This species is also a declared pest and a DBCA Priority alert taxon for the
Pilbara Region, however *Calotropis procera is not on the WoNS list.

Table 4.4: Updated list of introduced species reported within the RDE

[0]:107:¥
Common Name Priority
Alert
Aizoaceae *Trianthema portulacastrum Giant pigweed
Amaranthaceae *Aerva javanica Kapok Bush
Apocynaceae *Calotropis procera - Y Y

©JBS&G Australia Pty Ltd | JBS&G58085-127117 (Rev 3) 21



A trat
kg? strategen

JBSsG

[]:19/.
Common Name Priority
Asteraceae *Bidens bipinnata Bipinnate Beggar Tick
*Sonchus oleraceus Sowthistle
Boraginaceae *Heliotropium europaeum Common Heliotrope
Cucurbitaceae *Citrullus colocynthis
Cucurbitaceae *Citrullus lanatus Pie Melon
Cucurbitaceae *Cucumis melo subsp. agrestis Ulcardo Melon
Fabaceae *Parkinsonia aculeata Jerusalem Thorn Y Y Y
*Vachellia farnesiana Mimosa Bush
Malvaceae *Malvastrum americanum Spiked Malvastrum
Papaveraceae *Argemone ochroleuca subsp.ochroleuca Mexican Poppy
Poaceae *Cenchrus ciliaris Buffel Grass
*Cenchrus setiger Birdwood Grass
*Chloris virgata Windmill Grass
*Echinochloa colona Awnless Barnyard Grass
*Eragrostis cilianensis Stinkgrass
*Setaria verticillata Whorled Pigeon Grass
Polygonaceae *Rumex vesicarius Ruby Dock
Portulacaceae *Portulaca oleracea Purslane
Plantaginaceae *Cymbalaria muralis Ivy-Leafed

Note: * denoted to introduced (non-native species)
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4.2 Review of vegetation mapping

Previous baseline vegetation surveys have addressed different areas of the RDE: the Mine, Remote
MAR Borefield and Southern Borefield areas (Figure 1.1). This consolidated report used the most
current vegetation mapping units from the reports as listed in Table 4.5.

Table 4.5: Review of current vegetation mapping units

Location Survey Date Report Date
Roy Hill Mine Desktop Review of Stantec Mine 2017 (Desktop review) 2017
Vegetation Mapping
Roy Hill: Southern Borefield Study Area | Maia Southern Borefield Oct 2017 and April 2018 |2018
(L47/642 and L47/765)
Roy Hill Iron Ore Remote MAR Borefield |Biologic Remote MAR Borefield |2018 2018
Reconnaissance Flora and Vegetation
Survey
Roy Hill Mine Site 2019 Vegetation Biologic Mine June 2019 2019
Condition Mapping

All previous vegetation surveys undertaken within the RDE are outlined in Table 4.7, with copies
provided in Appendix D.

4.2.1 Stantec (2017) Desktop Review

Stantec (2017) reviewed the Level 2 survey carried out by ecologia Environment (2009a) and
mapped four major vegetation associations within the mine area of the RDE which were further
classified into 22 sub-associations. The vegetation associations were described as Broad Floristic
Formation units and mapped at a scale of 1:20,000 from 258 quadrats and 34 relevés sampled over
four phases:

1. Phase 1 Phase 1: 26 October - 4 November 2005 — 100 quadrats established (ecologia
Environment 2009);

2. Phase 2: 29 May - 5 June 2006 — 47 quadrats established (ecologia Environment 2009);
3. Phase 3: 6 - 18 March 2008 — 111 quadrats established (ecologia Environment 2009); and
4. Phase 4 (vegetation spot checks): 5 - 11 July 2017 — 34 relevés established (Stantec 2017).

Discrepancies between the ecologia Environment (2009a) report and the vegetation mapping
shapefile were identified, which resulted in the addition of four vegetation types. As a result, the
number of vegetation types present within the Roy Hill Mine area increased from the 18 presented
by ecologia Environment (2009a) to 22. The 22 vegetation types mapped within the Roy Hill mine
area were adequately sampled to ensure compliance with the Environmental Protection Authority
technical guidance (EPA 2016). While three of the vegetation types (1G, 2F and 4A) (Stantec 2017)
had been sampled by less than the required three quadrats per vegetation type, this was not
considered an issue due to the small areas they covered within the Roy Hill Mine and their similarity
to other vegetation types.

Due to the ongoing taxonomic review and nomenclature changes to the flora of Western Australia,
‘spot checks’ were completed across the Roy Hill mine area. The ‘spot-checks’” were completed to
verify and confirm the taxa within the dominant strata for the Triodia spp. Hummock Grassland
Steppes and the Acacia aneura Low Woodlands and Tall Shrublands broad floristic formations. The
dominant Mulga was deemed to be Acacia aptaneura. Some ambiguity exists in the dominant
Triodia species across the Hummock Grassland Steppes, extending from the difficulty in accessing
many of these communities within the Roy Hill Mine area. As a result, several vegetation types were
considered to be dominated by two or more Triodia species.

The desktop review did not change boundaries of the vegetation mapping undertaken by ecologia
Environment (2009a).
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4.2.2 Biologic (2018) Reconnaissance Survey

Biologic (2018) established 46 relevés and seven mapping points in the Remote MAR Borefield area
of the RDE to map the broad vegetation communities and their condition between 10 -15 July 2018.

Broad vegetation mapping was conducted in the field, with vegetation boundaries delineated over
aerial photography. Following the completion of the relevé (and mapping point) sampling and
taxonomic identifications, the broad vegetation units were refined based on the review of the
floristic data collected from the relevés and the results of flora and vegetation surveys that occur in
close proximity to the Survey Area. The vegetation type mapping was then digitised using geographic
information systems (GIS) software.

Vegetation units were delineated and described from aerial imagery utilising the flora sampling site
data. The vegetation structure information collected from the relevés and mapping points was
reviewed to describe the vegetation units based on the dominant taxa, foliar cover and height of the
three traditional strata (upper, mid and lower/ground). This method of vegetation type
determination is consistent with EPA (2016c). As the survey did not involve the systematic sampling
of vegetation units via quadrats, statistical analysis was not undertaken on the dataset.

The vegetation types were described to Level V (Vegetation Association), where possible, in the NVIS
hierarchical structure (ESCAVI, 2003) and were coded (for example AaLW) in accordance with
standard practice. The vegetation unit determination has been undertaken from a broad context and
it is highly likely that further systematic sampling would split and further refine the mapping
undertaken for this Survey. The mapping reliability is moderate across the Survey Area due to the
limited sampling (53 sample sites across 20,104.85 ha), survey type (reconnaissance), extent of
Survey Area traversed, the complexity associated with the vegetation units (sandplains, Mulga
plains, riverine, floodplains, calcrete rises etc.) and the disturbances recorded across the Survey Area
(pastoralism, grazing, fire and weeds).

Part of tenement L47/642 was included in the assessment at the completion of the field component
of the Project. As a result, this section of the Survey Area was not ground-truthed. The vegetation
units within the section of the Survey Area was extrapolated from existing vegetation mapping
completed to the north (Remote MAR Borefield area) and south (Maia 2018).

The Survey was adequate for the purposes of the scope and objectives of the Project. Although the
Survey Area was extensive (24,327.99 ha) with limited access, the major vegetation units were
sampled with at least one relevé, while additional relevés were sampled within large, extensive
vegetation units. The Survey Area would have benefited from additional sampling, however, the
survey intensity, type and objectives limited the sampling. In consideration of this, the adequacy of
the survey is still considered appropriate for meeting the scope and objectives.

The majority of the vegetation units (AaAfLIT, AaLIT, AaLSW, AalLW, EvAaLIT, EvAaLSW, EvAaLSWIT
and EvLIT) described and delineated from the Survey Area were found to support Mulga (mostly
Acacia aptaneura) or consisted of a dominant Mulga upper stratum. The Mulga occurred as either
isolated low trees or in groves and patches. The Mulga communities were floristically and
structurally different to the communities identified at the Roy Hill mine site (ecologia Environment
2009c¢ & 2009c) and the Stage 2 Borefield (Maia 2018). The Mulga communities did not create the
distinctive banding common in the Fortescue bioregion and discussed by Maia (2018) and ecologia
Environment (2009c).

The claypans (vegetation unit CP) occurred in the west and south-east of the Survey Area and were
generally devoid of vegetation, excluding some claypans that supported tussock grasses (Eragrostis
australasica and Diplachne fusca subsp. fusca). The vegetation occurring around the periphery of the
claypans was consistent with the surrounding vegetation units. At the scale the vegetation units
were sampled and mapped, the vegetation along the periphery of the claypans was not identified as
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a separate unit. There may be slight variations in species diversity and density following more
systematic sampling and analysis.

The vegetated claypans (vegetation unit EvAaLSW) were floristically different to the bare claypans
(vegetation unit CP) and supported a dense tussock grassland of Eriachne and Eragrostis species. In
addition, the periphery of the vegetated claypans generally supported Eucalyptus victrix and shrubs
that were not generally recorded in the surrounding landscape (for example Eremophila longifolia,
Acacia adsurgens and Acacia sibirica).

The hummock grassland (Triodia) communities (vegetation units AaLIT and TaTpTsMOHG) occurred
over a substantial portion (34%) of the Survey Area (Remote MAR Borefield) from the western
boundary, along the southern boundary towards the east (Figure 1.1). Within the hummock
grassland communities, in particular vegetation unit TaTpTsMOHG, the dominant Triodia species
varied in relation to changes in soil composition and micro-topographical changes (changes of less
than 1 m across the landscape). Triodia angusta generally occurred lower in the landscape where
the soil formed a hardpan crust with higher clay content. Triodia pungens and Triodia schinzii
occurred slightly higher in the landscape where the soil was sandier in composition. Pockets of
Triodia basedowii and Triodia longiceps were also observed within the hummock grassland
communities. These pockets were isolated and small in occurrence. The occurrence of each Triodia
species were not mapped as separate vegetation units due to the survey intensity (Reconnaissance
Survey), size of the Survey Area and the difficulty in identifying the boundaries of each Triodia
community from aerial imagery. In addition, fire disturbance was patchily located throughout the
hummock grassland communities making it was difficult to discern separate communities from aerial
imagery.

A third hummock grassland community was recorded from calcrete rises and platforms (EvAaLIT),
which occurred in the north of the Survey Area. The calcrete rises were interspersed with
depressions that supported Eucalyptus victrix and other flora species consistent with wetter, moist
sites (for example, the floodplain and alluvial washplain communities EvAaLSWIT and EVLIT). The
calcrete rises supported Triodia angusta hummock grasses with isolated low Acacia trees and
shrubs. The small depressions interspersed within the calcrete rises were not mapped separately
due to the survey intensity employed (Reconnaissance Survey), size of the Survey Area and the scale
of the mapping completed for the Survey Area. The limited accessibility also ensured that a limited
number of the depressions within the calcrete rises were visited, reducing the sampling accuracy.

The northeast of the Survey Area consisted of a very open Acacia synchronicia shrubland (vegetation
unit AsTSS) with a stony mantle. The vegetation unit included large, open bare areas with minimal
vegetation cover. The vegetation was in good to poor condition due to cattle grazing and trampling,
however, the open bare patches are consistent with the Turee land system, so were not considered
to be in worse condition.

Acacia xiphophylla was present across a portion (7%) of the Survey Area in the west. The
understorey was variously dominated by Eremophila and Senna species with a ground layer of
isolated halophytic shrubs (Sclerolaena and Atriplex species) and tussock grasses. Patches of Triodia
angusta were recorded around the periphery of the community, which most likely represent an
ecotone between the adjacent hummock grassland community. In general, vegetation unit AXTOS
was open with large bare patches of soil.

The remaining portions of the Survey Area were mapped as floodplain (EvLIT), alluvial washplain
(EvAaLSWIT) and major drainage line (Fortescue River, EcCoMIT). The alluvial washplain occurred
away from the Fortescue River and represented areas of sheet flow and washplains which support
an open upper stratum of Eucalyptus victrix. The floodplain and major drainage line were heavily
impacted by grazing, trampling and pastoralism which has altered the mid and lower stratums of the
vegetation units. Historically, Roy Hill station was overstocked in the 1930s which may have led to
the alteration of the Fortescue River and floodplains (Payne & Mitchell, 1999). The perennial grasses
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and herbs are preferred by grazing animals and are prone to depletion under uncontrolled grazing
(van Vreeswyk et al. 2004).

4.2.3 Maia (2018) Detailed Survey

Maia (2018) carried out a detailed survey in the Southern Borefield (extension) area in October 2017
and April 2018.

The number of quadrats assessed by Maia in the Southern Borefield Extension area was informed
by: the number of Beard vegetation associations (two), land systems (two), geological and soil units
mapped in the Survey Area and by G and G Environmental’s (GGE) (2009) sampling intensity in the
Southern Borefield area (which was assessed under MS 829). Fifteen quadrats were assessed in the
Southern Borefield Extension area in October 2017 and selected sites assessed in the Southern
Borefield by GGE in 2009 were visited to check the identity of some of the dominant species at the
sites used in the analysis, to search for the Ptilotus sp. collected in 2009 and to revisit some of the
Goodenia nuda locations.

In April 2018, the fifteen quadrats in the Southern Borefield Extension area were reassessed and two
additional quadrats assessed. Selected quadrats were assessed in Southern Borefield area in 2018
and more transects were walked in the area. Twenty (57%) of the 35 quadrats used in GGE's
Southern Borefield ordination analysis (site by species matrix supplied by Roy Hill) were completely
reassessed in April 2018; another 12 of the 35 quadrats (34%) were revisited (but not fully
reassessed) to check the dominant species and any queried species in the species list. Three of the
35 quadrats used in the 2009 ordination analysis (9%) were in an area now excised from the Survey
Area and they were not reassessed or revisited. One relevé was also assessed in the Southern
Borefield area in April 2018. Table 4.6 provides a breakdown of the quadrat survey effort. This is also
spatially presented in Figure 4.2.

The Southern Borefield quadrats were reassessed or revisited:
a) because of the time since the area was last surveyed;
b) so that vegetation condition could be assessed at each site; and

c) so that the data collected at GGE sites could be used in the pattern analysis with the data
from the quadrats in the Southern Borefield Extension area and the vegetation mapped over
the whole of the Survey Area using the results of that combined analysis.

Table 4.6: Survey effort, Maia (2018) detailed survey

Survey Quadrat location Quadrats scored Other sample points Comments
October 2017 | Southern Borefield Extension 15 19.6km of traverses Quadrats established
area and scored for the 15t
time
April 2018 Southern Borefield Extension 17 61.2km of traverses Quadrats established
area in October 2017

rescored with an
addi