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EXECUTIVE SUMMARY

The Jonah Bore Project (“Jonah Bore” the “Project”) is located 25 km west of Leinster in Western Australia on Mining
Lease M36/657, which covers 149.6 ha. It is accessed via Agnew-Sandstone Road, and a public track, and a private
site access road on miscellaneous licence L 36/187.

This document has been prepared to support a Native Vegetation Clearing Permit — Purpose Permit to clear
vegetation for the purposes of extending existing mine operations to support recommencing mining of the Jonah
Bore Project. No mining or processing currently occurs on the site.

The total project footprint is 54.3 ha, of which 37.5 ha of vegetation is proposed to be cleared. Studies identified:

A total of 17.9 ha of existing disturbed area including areas of rehabilitation.
Two vegetation communities were recorded in the clearing area; none are considered restricted.

- Spinifex — Eucalypt Sandplain habitat type covers an area of 51.45 ha and consists of consolidated
sands providing habitat for burrowing mammals and reptiles.

- Sand Dune habitat covers 2.63 ha and consists of loose sands providing habitat for fossorial reptiles.

No Threatened Ecological Communities (TECs) listed under the Environment Protection and Biodiversity
Conservation Act 1999 (Commonwealth) (EPBC Act) or Biodiversity Conservation Act 2016 (WA) (BC Act).

No Department of Biodiversity, Conservation and Attractions (DBCA) listed Priority Ecological Community
(PEC) were found to occur.

No species listed as Declared Rare Flora, Endangered, or Vulnerable were found in the search area.

No plant taxa recorded from the study area were gazetted as Threatened Flora pursuant to the Biodiversity
Conservation Act or listed under the EPBC Act were found to occur.

The Study area is absent of any restricted habitat types that occur in the subregion.

Twelve vertebrate species of conservation significance may occur in the survey area. The majority of
significant species recorded from the desktop assessment are unlikely to be present in the project area and
the vegetation is unlikely to be of importance to any threatened species with the potential to occur.

The vegetation is likely to provide habitat for two Priority 4 species: Brush-tailed Mulgara and Striated
Grasswren.

Western Wildlife concluded that the vegetation habitats of the study area are common and widespread in the
semiarid regions of Western Australia and are unlikely to provide ecological linkages or refugia.

Therefore, no significant impacts to terrestrial fauna are expected.

An assessment against the ten clearing Principles is provided in Section 4. The assessment of the ten clearing
principles concludes that the clearing of 37.5 ha of native vegetation within a purpose permit area of 70.9 ha is not
likely to be at variance with any clearing principles.
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1. INTRODUCTION

1.1 Background

The Environmental Protection Act 1986 (WA) (EP Act) and Environmental Protection (Clearing of Native Vegetation)
Regulations 2004 (WA) require that all land clearing related to mining and mineral exploration activities are approved
by the Department of Water and Environmental Regulation (DWER). In accordance with Section 20 of the EP Act,
applications relating to mineral and petroleum activities are delegated to the Department of Mine, Industry,
Regulation and Safety (DMIRS) for assessment.

This report supports a native vegetation clearing permit (Purpose Permit) for proposed mining activities as defined
in Section 3. Information is provided to enable assessment of the impacts of the proposed clearing on each of the
ten ‘Land Clearing Principles’ described within Schedule 5 of the EP Act. This document provides the necessary
ecological information and environmental impact management measures for the proposed clearing.

1.2 Proponent

The Jonah Bore Project (“Jonah Bore”, “the Project’) is owned solely by MLG Oz Limited (“MLG”). MLG is listed
on the Australian Stock Exchange as ASX: MLG.

All compliance and regulatory requirements regarding this assessment document should be forwarded by email,
post, or courier to the following address:

Proponent:MLG Oz Limited
Address:PO Box 1484
Kalgoorlie WA 6433

Contact:Murray Leahy
Position:Managing Director
Telephone:(08) 9022 7746
Email: murray@mlgoz.com.au

1.3 Location, Access and Tenure

The Project is located 25 km west of Leinster in Western Australia in the Lawlers District, and East Murchison
Mineral Field. The Project is situated on Mining Lease M36/657, which covers 149.6 ha. It is accessed via Agnew-
Sandstone Road, and a public track and a private site access road on miscellaneous licence L 36/187.

M36/657 was granted in July 2006, with MLG being the applicant and only holder of the mining lease from the date
of grant to present day. The applicable tenement associated with this Purpose Permit application is M36/657 as
shown in Figure 1.

20230706 Jonah Bore Purpose Permit Supporting Document 1
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2. ENVIRONMENTAL SETTING

Baseline environmental data for Jonah Bore is presented in this section. The baseline data used for this Purpose
Permit supporting document is based on available historical survey information and the most recent surveys that
have been undertaken.

2.1 Regional Setting

The Project area is located within the northeastern Goldfields within the Murchison Interim Biographic
Regionalisation for Australia (IBRA) region and Eastern Murchison (MURO1) sub-region (DCCEEW, 2020; DoEE,
2020) It is also located within the Austin Botanical District (ANBG, 2020). The dominant land-uses in this bioregion
are grazing-native pastures (85.5%), Unallocated Crown Land and Crown Reserves (11.3%), mining of gold and
nickel (1.8%), and conservation (1.4%) (Cowan et al., 2001).

Vegetation of the sub-region is dominated by Mulga Woodlands often rich in ephemerals; hummock grasslands,
saltbush shrublands and Halosarcia shrublands (Cowan et al., 2001). Its internal drainage characterises it and
extensive areas of elevated red desert sandplains with minimal dune development (Cowan et al., 2001). Salt lake
systems are associated with the occluded paleodrainage system and broad plains of red-brown soils and breakaway
complexes and red sandplains, are widespread (DEC, 2002).

2.2 Geology

The Project is located within the Murchison Province. Tille (2006) describes the geology of this Province as:

“The underlying rocks are predominantly Archaean even-grained porphyritic granitic rocks. These are intruded by
quartz veins and dolerite dykes. Throughout the Craton are areas of Archaean migmatite and gneiss. These rocks
are especially common along the western margin and in the north-west where the Narryer Terrane and Yarlarweelor
Gneiss Complex are located. The latter consists of migmatite, gneiss, schist and quartzite. Areas of gneiss are
associated with Archaean greenstone belts which are prominent. These belts have a north-west trend and become
more common to the east. They contain a mixture of metamorphosed mafic to ultra-mafic volcanic rocks (including
basalt, amphibolite, dolerite and gabbro), felsic volcanic rocks, and metasedimentary rocks (including cherts and
banded iron formations). This Archaean bedrock has been extensively weathered and laterised”.

2.3 Climate

The nearest meteorological station to the Project is Leinster Aero (site number 012314), located approximately
25 km northeast of the Project site. Site 012314 readings commenced in 1994, with the latest available data from
18 August 2022 (Chart 1).

The annual average rainfall reported at the site is 251.6 mm (BOM, 2022). The highest rainfall typically occurs in
February (40.9 mm) and the lowest rainfall occurs in September (3.6 mm). The annual average number of days of
rain is 30.8. Temperatures range from a mean maximum of 37.3°C in January to 19°C in July. The project site
temperatures range from minimum mean temperatures of 23.2°C in January to 6.2°C in July. On average, there are
83.2 days per annum with temperatures above 35°C. The highest mean number of days per month is January, with
22.3 days above 35°C.

20230706 Jonah Bore Purpose Permit Supporting Document 3
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Chart 1: Leinster Aero Climate Data
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2.4 Soils and Landforms

The Murchison Province consists of an extensive plateau of low relief. Laterite or silcrete mesas are usually found
at the top of the landscape in areas of granitic basement (Tille, 2006). These mesas have lateritic breakaways,
kaolinised footslopes (often saline) and are surrounded by gently sloping plains (Tille, 2006). There are also some
low hills, domes and tor fields of granite, gneiss and quartz found in upper parts of the landscape (Tille, 2006).

The Project occupies the Salinaland Plains Zone which is comprised (Tille, 2006):

“Sandplains (with hardpan wash plains and some mesas, stony plains and salt lakes) on granitic rocks (and some
greenstone) of the Yilgarn Craton. Red sandy earths, Red deep sands, Red shallow loams and Red loamy earths
with some Red-brown hardpan shallow loams, Salt lake soils and Red shallow sandy duplexes. Mulga shrublands
with spinifex grasslands (and some halophytic shrublands and eucalypt woodlands). Located in the northern
Goldfields from Lakes Barlee and Ballard to Wiluna and Laverton”.

A desktop assessment of the Department of Water and Environmental Regulation (DWER) contaminated sites
database for known contaminated sites in and around the Project area was undertaken. The closest known
contaminated site is 60 km southeast of M36/657 (Parcel ID 17928, Date Classified 23 October 2019) (DWER,
2021).

MLG commissioned RPM Advisory Services Pty Ltd (RPM) to conduct a Soil Assessment of MLG’s three proposed
deposits sites including Comet Vale (E297/42), Mt Keith (E53/1480), and Jonah Bore (M36/657). The report is
provided in Appendix 1.

Overall, the soil properties are described as stable, geochemically benign aeolian sands with limited nutritional value
for plant growth. Given that local native plant species are adapted to these conditions, revegetating disturbed
surfaces is expected to occur over time. This is supported by the positive performance of areas that MLG has already
rehabilitated, demonstrated in the rehabilitation performance monitoring reports (Blueprint, 2021a, 2021b) and
general site observations.

20230706 Jonah Bore Purpose Permit Supporting Document 4



Jonah Bore Project | Purpose Permit Supporting Document

2.5 Hydrology

The landform terrain in the proposed pit environs consists of gently undulating sand plains with open hummock
grasslands with emergent trees and shrubs. The occasional low sand dune less than 15 m high also exists in the
surrounding sand sheets. Surface drainage is not well developed; there are no established creek lines located on
the tenement. Review of aerial photography indicates that there are no surface water features in the tenement. The
tenement spans a surface elevation range of 383 (west) - 406 (east) m RL AHD.

With relatively low rainfall (259.3 mm per annum) and high annual evaporation (2,800 mm), runoff events are
infrequent. The sand areas have infiltration rates higher than maximum rainfall intensity, although the clay-rich
interdune areas and the nearby historic borrow pits mined to the clay base have reduced permeability allowing water
to pond.

2.6 Hydrogeology

The tenements are located within the Goldfields Groundwater Area where the bulk of the water resource is saline
with a total dissolved solids (TDS) content of > 14,000 mg/L and is dominated by sodium and chloride ions (Water
Authority of Western Australia, 1993). Rainfall infiltration is the region's main source of aquifer recharge, usually
associated with major infrequent storms.

The regional hydrogeology comprises paleochannel deposits and widespread alluvium and lake deposits overlying
weathered and fractured Archean bedrock. The regional water table depth ranges from less than 1 m in playa lake
environments to more than 40 m in elevated areas. The regional water table may be absent when the fractured zone
is unsaturated or fractures are poorly developed (Kern, 1995).

Groundwater flow is highly dependent on topography and is predominantly towards playa lakes and major paleo
drainages. Recharge tends to occur during heavy rainfall events, with additional recharge from surface runoff and
flooding generated during these events (Kern, 1995). Groundwater is mainly saline to hypersaline, with potable
water not known to occur regionally. Bore yields are heavily dependent on rock type (Kern, 1995).

2.7 Flora and Vegetation

Several flora and vegetation surveys have been completed for the Jonah Bore Project comprising:

o Floraand Vegetation Survey of the Jonah Bore Project (Goldfields Landcare Services (GLS, 2006)) Appendix 2.
e Desktop Flora and Vegetation Survey. Jonah Bore Project (Onshore Environmental, 2020) Appendix 3.

o Flora and Vegetation Survey of the Jonah Bore Project (GLS, 2021) Appendix 4.

The study area for the 2021 Flora and Vegetation Survey (GLS, 2021) with the recorded vegetation communities is
described in Figure 3.

The information presented here is a comprehensive overview of flora and vegetation based on the findings of each
survey completed for the Jonah Bore Project.

2.71 Vegetation Communities

An early survey by GLS (2006) described the vegetation as primarily a mixture of small patches of low open
woodland in which the tallest stratum is dominated by Eucalyptus gongolycarpa and Tall Open Shrubland where
Mulga is predominant over a matrix of Low Open Shrubland (Eremophila sp. et al) and Tussock Grassland (Spinifex)
(GLS, 2006). A recent detailed field flora and vegetation survey was completed by GLS (November 2021), surveying
approximately 64 ha of the Mining lease M36/657. The survey indicated that the area had been burnt during 2006
and the tallest regrowth was seen in the Acacia sp. that reached up to two metres. The fire appears to have impacted
the landscape in the survey area unevenly, leaving some areas almost treeless, while mature Marble Gums
(Eucalyptus gongylocarpa), grow in other areas.

20230706 Jonah Bore Purpose Permit Supporting Document 5
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The survey area lies entirely within the Bullimore Land System, which is described as extensive sandplains
supporting spinifex hummock grasslands. The survey classified the vegetation associations to Sandplain Spinifex
Hummock Grassland (SASP) and one vegetation sub-type that being Sand Dune Shrubland (SDSH) (Table 1 and
Figure 2). The conditions of the vegetation were classified as ‘Good” based on the Vegetation Condition Scale
adapted from Keighery (1994) and Trudgen (1988) (GLS, 2021). None of the vegetation associations were aligned
with any federal or state-listed TECs or state-listed PECs documented from the Murchison bioregion.
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Broad Floristic Formation

Sandplain spinifex hummock
grassland

Table 1:Vegetation Associations of the Study area (GLS, 2023)

Vegetation Description

Open Low Scrub of Acacia effusifolia, A. jamesiana,
Grevillea juncifolia, Eremophila platythamnos subsp.
platythamnos, E. forrestii subsp. forrestii and Duboisia
hopwoodii over Open Dwarf Scrub of Enekbatus
eremaeus, Seringia velutina, Bonamia erecta, Dampiera
roycei, over Open Hummock Grassland of Triodia
basedowii and scattered grass of Amphipogon caricinus on
orange silty sand on a sand plain.

Area (ha)
51.45

% of Study
Area

7.5

Sand Dune Shrubland

Open Low Woodland of Eucalyptus gongylocarpa over
Scattered Low Trees of Eucalyptus oldfieldii and
Gyrostemon ramulosus over Mixed Open Dwarf Scrub of
Senna artemisioides subsp. filifolia, Acacia ligulata,
Grevillea juncifolia, Eremophila platythamnos subsp.
platythamnos, Dianella revoluta, Ptilotus obovatus,
Goodenia peacockiana, Leptosema chambersii, and
Eucalyptus gongylocarpa over Very Open Hummock Grass
of Triodia basedowii with scattered grasses of
Rytidosperma caespitosum and Amphipogon caricinus,
and the annual Leucochrysum stipitatum on orange sand
on a sand dune.

2.63

3.7

Disturbed Areas

N/A

17.86

248

Total

71.94

100
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2.7.2 Conservation Significant Flora

A desktop assessment of the Project area was undertaken in July 2020 by searching NatureMap (DBCA, 2020)
and the EPBC Act Protected Matters Database (DCCEEW, 2020). The searches were completed for the tenement
from a point coordinate 120° 26' 55" E, 27° 56' 51" S with a 40 km buffer.

A total of 358 plant taxa (including varieties and subspecies) from 49 families and 151 genera were identified within
a 40 km radius search of the study area. None of the plant taxa recorded from the database search were gazetted
as threatened flora pursuant to the BC Act or listed under the EPBC Act.

A list of conservation significant flora species occurring within a 40 km radius of the study area was compiled. This
report identified seven additional species of conservation significance with the potential to occur in the area. Those
species are provided in Table 2.

Table 2:Conservation Significant Flora

Species Conservation Code

Calytrix warburtonensis P2
Eremophila arachnoides subsp. arachnoides P3
Eremophila pungens P4
Goodenia modesta P3
Grevillea inconspicua P4
Hemigenia exilis P4
Homalocalyx echinulatus P2

The recent field survey (GLS, 2021) provided the following findings on Conservation Significant Flora:

o A total of 76 species from 25 families and 53 genera have been recorded in the survey area. The most
prevalent families recorded were Fabaceae and Scrophulariaceae.

o No species listed as Declared Rare Flora, Endangered or Vulnerable were found in the search area.

o No plant taxa recorded from the study area were gazetted as Threatened Flora pursuant to the Biodiversity
Conservation Act or listed under the EPBC Act.

o No PEC:s listed by the DBCA were encountered during the survey.

2.7.3 Weeds
Recent field survey (GLS, 2021) provided the following findings on weeds and introduced species:

o No introduced weed species or plants listed as a WoNS under the EPBC Act were recorded in the survey
area.

o No introduced species or Declared Pests listed under the BAM Act were recorded from the study area.

2.7.4 Dieback

Dieback (Phytophthora sp.) is a soil-borne water mould that spreads by root-to-root growth amongst host plants and
through zoospores, which are motile in water and moist soil. The fungus also has two resting structures,
chlamydospores, and oospores, that are resistant to desiccation and can survive in dry conditions before developing
into active zoospores when wet conditions return. Soil movement by vehicles, human activity and terrestrial
mammals is also a significant means of dieback spread.

The “vulnerable zone” to dieback is considered to be the area of south-west Australia, west and south of the 400
mm rainfall isohyet. However, several incidents have been recorded in wet conditions to the east of the isohyet,
including the Forrestania area (DBCA, 2020). GLS did not identify any areas of vegetation suspected of being
affected by dieback.

20230706 Jonah Bore Purpose Permit Supporting Document 9
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2.7.5 Wildfire
Fires may arise in the Project area from:
o Uncontrolled wildfires.

o Operating vehicles and equipment.

Fire in the Project area will be managed by:

o All personnel being trained in the use of available firefighting equipment e.g. fire extinguishers, water truck
and advised on the plan of action in case of a fire.

o All hot work (such as welding/cutting/grinding) activities will be undertaken away from the Project area at
MLG Oz's Kalgoorlie Depot.

o No deliberate burning of any vegetation.

20230706 Jonah Bore Purpose Permit Supporting Document 10
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2.8 Fauna and Habitat

Western Wildlife completed a vertebrate fauna survey in 2021 at Jonah Bore that included targeted searches for the
Ogyris subterrestris petrina (Arid Bronze Azure Butterfly) and Leipoa ocellata (Malleefowl) (Western Wildlife, 2021).
The survey was undertaken in accordance with:

o Environmental factor guideline — terrestrial fauna (EPA, 2016a).
o EPA Technical Guidance: Terrestrial vertebrate fauna surveys for environmental impact assessment (EPA,
2020).

A summary of the findings from the desktop assessment and field survey is provided in this section. The report is
included as Appendix 5.

The field assessment and review of available vegetation mapping identified two vegetation habitat types in the
survey area (Figure 3):

o The Spinifex — Eucalypt Sandplain habitat type covers an area of 50.7 ha and consists of consolidated sands
providing habitat for burrowing mammals and reptiles.

o The Sand Dune habitat covers 3.3 ha that consists of loose sands providing habitat for fossorial reptiles.

Eucalypts were scattered across both habitat types providing crevices and small hollows for the native fauna species
of the area. The survey identified 16.8 ha of disturbed area.

The faunal assemblage of the study area is likely to be largely intact, as the study area is situated within a larger
tract of native vegetation. Many of the species that occur are widely distributed through semi-arid Australia. The
predicted faunal assemblage included nine frogs, 80 reptiles, 116 birds, 30 native mammals and nine introduced
mammals.

The assessment identified 12 species of conservation significance that may potentially occur at the Project site as
described in Table 3 and represented in Figure 3. Of the 12 conservation significant species, seven threatened
species have the potential to occur in the area:

° Night Parrot — Pezoporus occidentalis.

. Malleefowl — Leipoa ocellata.

. Grey Falcon — Falco hypoleucos.

. Chuditch — Dasyurus geoffroii.

° Great Desert Skink — Liopholis kintorei.

. Princess Parrot — Polytelis alexandrae.

. Southern Whiteface - Aphelocephala leucopsis.

The vegetation is unlikely to be of importance to any threatened species with the potential to occur. The vegetation
is likely to provide habitat for two Priority 4 species being Dasycercus blythi (Brush-tailed Mulgara) and Amytornis
striatus striatus (Striated Grasswren), (Western Wildlife, 2021). There was one recorded sighting during the survey

of the Priority 4 species, Amytornis striatus striatus (Striated Grasswren) at the boundary of the northwest
development envelope (Figure 3).

Western Wildlife concluded that the vegetation habitats of the study area are common and widespread in the
semiarid regions of Western Australia and are unlikely to provide ecological linkages or refugia. The study area also
lacks restricted habitat types that occur in the subregion, such as granite exposures, salt lakes or freshwater wetland.
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Table 3:Conservation Significant Vertebrate Fauna

Status Likelihood
of

Occurrence

Species Habitat Preference

©
< =
(&) o
o =
o o
(11

Pezoporus En | Cr Large spinifex clumps for | Unlikely This species is known from very
occidentalis roosting and breeding, few records. Records in WA have
(Night Parrot) chenopod shrublands, been in association with salt lakes.
and spinifex for foraging. The study area lacks large
spinifex.
Leipoa ocellata Vu | Vu Acacia thickets, mallee Potential No mounds were found, and it is
(Malleefowl) woodlands, and considered unlikely that this
shrublands with leaf litter. species breeds in the study area,
Also forages in adjacent but they may forage.
habitats.
Falco hypoleucos Vu | Vu Forages over lightly Unlikely The study area is outside the core
(Grey Falcon) timbered plains, rivers. range of this species, there are no
records within 100 km, and the
breeding habitat is absent.
Dasyurus geoffroii Vu | Vu Forests, woodlands & Unlikely There are no recent records in the
(Chuditch) shrublands, denning in region, and it is likely that this
hollow logs, babbler species is very uncommon or
nests, burrows, or rock locally extinct.
crevices.
Liopholis kintorei Vu | Vu Sandplains Possible This species is represented by a
(Great Desert single record from 1964, however,
Skink) the habitat of the study area is
potentially suitable.
Polytelis alexandrae | Vu P4 Sandplains, breeds in Possible Although outside the core range of
(Princess Parrot) Marble Gums this species, the habitats present
are potentially suitable for foraging
and breeding.
Aphelocephala Vu Eucalypt or Mulga Potential The study area is within the range
leucopsis woodlands and Acacia of this species, and it has been
(Southern shrublands with a shrubby recorded nearby, but the habitats
Whiteface) or grassy understory. present are not those most
favoured by this species.
Apus pacificus Mi | Mi Overfly any habitat Potential This species is largely aerial in
(Fork-tailed Swift) Australia, and although it may
overfly the area, the study area is
not likely to be important for this
species.
Falco peregrinus 0 Variety of habitats, nests | Potential Although likely to occur in the
(Peregrine Falcon) S in tall trees, cliffs, open region, the study area is unlikely to
pits. be of particular significance to this
species.
Dasycercus blythi P4 Spinifex sandplains Likely Although not recorded, this species
(Brush-tailed is known from nearby records and
Mulgara) the habitat in the study area
appears suitable.
Sminthopsis P4 Breakaways, rocky Unlikely Although known from nearby
longicaudata habitats, scree slopes. records, there is no suitable habitat
(Long-tailed in the study area.
Dunnart)
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Species Habitat Preference Likelihood
of

g z Occurrence

a 2

o o

i
Nyctophilus major P4 Woodlands Possible The study area is within the range
tor of this species and the eucalypts
(Central Long-eared may provide habitat; however, this
Bat) species is likely to favour more

wooded habitats.

Amytornis striatus P4 Spinifex grasslands Known to This species was recorded during
striatus occur the August 2021 field survey.
(Striated
Grasswren)
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2.8.1 Short Range Endemics (SRE)

Invertebrate Solution Pty Ltd (2022) was contracted to complete a Short Range Endemic (SRE) desktop assessment
of MLG’s four proposed deposits sites, including Comet Vale (E297/42), Mt Keith (E53/1480), 16 Mile Well
(E36/1003) and Jonah Bore (M36/657) (Appendix 6). This survey was undertaken according to the ‘Technical
Guidance — Sampling of short-range endemic invertebrate fauna’ (EPA, 2016b).

The Project areas has one potential SRE habitat, associated with a single sand dune in the central section of the
Project area. The desktop assessment identified:

o Ten possible SRE species with a low likelihood of occurrence of:
—  barychelid trapdoor spider (Synothele ‘MYG312’).

— idiopid trapdoor spider (ldiosoma ‘MYG014’, Idiosoma ‘MYGO015’, Idiosoma ‘MYGO017’, Idiosoma
‘MYGO019’, Idiosoma ‘MYGO020’, Idiosoma ‘MYGO067’).

- pseudoscoprions (Beierolpium ‘sp. 8/2)).

- scorpions (Urodacus sp.’cf gibson 5, Urodacus sp. gibson 1.

There is a potential for SRE habitat associated with the single sand dune that is present in the central portion of the
Project area. These provide a moderate likelihood of containing potential SRE species due to their isolated nature,
however, the local abundance and homogeneous nature of this habitat would suggest that taxa would be present
throughout the entire sand dune habitat and not restricted to the Project area.

2.8.2 Subterranean Fauna

Subterranean fauna does not require investigating as the mining operations do not intersect groundwater and the
low-impact activities on the tenement.

2.9 Heritage and Social Setting

2.9.1 Land Use and Community

The Project is located 23 km west of Leinster in the Shire of Leonora. The Shire of Leonora is sparsely populated,
with a total population of 1,411 (ABS, 2022). Of this, 202 (14.3%) are Indigenous Peoples (ABS, 2022). The nearest
population centre to the Project is the town of Leinster with a population of approximately 405 (ABS, 2022). The
Project is wholly on the Leinster Downs Station pastoral lease that currently operates as a sheep station.

Gold and nickel mining, prospecting, pastoralism and tourism are the principal economic activities in the area.
Population centres that attract tourists include Sandstone (located 115 km west of the Project) and Leinster (25 km
east of the Project). Various mines are located in the area, such as Gold Fields Limited Agnew Gold Mine (6 km
southeast of the Project) and BHP’s Nickel West Leinster Mine (30 km northeast of the Project). Wanjarri Nature
Reserve is located 75 km northeast of the Project.

2.9.2 Aboriginal Heritage

A search of the Department of Planning, Lands and Heritage (DPLH, 2022) Aboriginal Heritage Inquiry System
(AHIS) (Heritage Council & State Heritage Office, 2022) on 14 November 2022 identified two registered site and
two lodged site in M36/657 and L36/187 as detailed in Table 4 and shown in Figure 4. The report is provided in
Appendix 7.
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Table 4:Aboriginal Heritage Sites

Tenement | Site ID Site Name Restrictions

M36/657 18980 HWEOQ3 Mingari Hill | Lodged Mythological, Natural No gender restrictions
Feature

M36/657 & | 18983 HWEOQ2 Tjilkamata Registered Mythological, Named No gender restrictions

L36/187 Hill Place, Natural Feature

L36/187 18979 HWEOQ1 Bush Camp | Registered Man-Made Structure, No gender restrictions
Camp

19858 Tjilmata- Mingari Lodged Mythological, Other: A No gender restrictions

complex of natural features

MLG and Tjiwarl Aboriginal Corporation (TAC) have finalised a Heritage Protection Agreement (HPA). An
Ethnographic Tjiwarl Cultural Heritage Survey was conducted over M36/657 and L36/187 by Human Terrains
Anthropological Consultancy (HTAC), with representatives of the Tjiwal Native Title Holding Group on 25-26 April
2023 (Appendix 10). The preliminary advice provided confirmed that there were no identified Aboriginal sites and
that all the Tjiwal Representatives who participated in the ethnographic consultation recommended that MLG could
continue to use the Jonah Bore sand quarry, as per the plans provided by MLG (HTAC, 2023).

2.9.3 Non-Aboriginal Heritage

The Heritage Council State Heritage Office inHerit database was searched on 14 November 2022 (Heritage Council
& State Heritage Office, 2022). No places of heritage value were found to be recorded on the M36/657 or L36/187
tenements. The nearest heritage site is 122 km southeast of the Project area.
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3. PROPOSED LAND CLEARING

3.1  Overview of Operations

The Project is a small-scale sand and gravel mining operation consisting of shallow sand and gravel excavating to
use in the construction industry. The mining operation will be carried out in a basic strip-mining style, comprising:

o Pre-stripping of vegetation and soail, which is stockpiled in low windrows perpendicular to the active mining
area for later use in rehabilitation.

o Excavating sand and gravel to a typical depth of 1.5 m (maximum of 5 m) that is subsequently screened into
different product sizes and loaded into road trains for transport offsite.

o Progressively rehabilitating mined areas.

Approximately 150,000 tonnes of sand and gravel materials will be excavated, and up to 50,000 tonnes per annum
will be screened (works approval: W6655/2022/1) from the Project area. The operation currently has a remaining
life of mine of approximately five years (2027).

The operation is typically carried out by:

. One Komatsu 155 bulldozer (pre-strip and rehabilitation activities).

o One Caterpillar 966H front-end loader (road train loading of the material).

. Two Kenworth road trains (transport of the mined sand and gravel to the end customer).

o One Kenworth water truck (dust suppression).

. One Caterpillar 140H grader for road maintenance.

o One Mobile screening plant.

Explosives will not be required for the strip-mining activities. Sand and gravel will be picked up by a front-end loader
and loaded into the mobile screening plant. The plant will be situated within already disturbed areas and will move

across the active working area as required. The screened product will be stockpiled and loaded into road trains
when required by a front-end loader.

Only 10 ha of active mining area will be open anytime. Once an active mining area is completed, it will be
progressively rehabilitated. The operations produce no waste rock.

3.2 Areas of Disturbance

The total clearing of native vegetation proposed under this Purpose Permit application is 37.5 ha within a Purpose
Permit boundary of 70.9 ha. The NVCP supports recommencing mining at Jonah Bore Project. The mine activity
areas and associated footprint are outlined in Table 5 and illustrated in Figure 5.

Table 5:Disturbance Elements

Element Size (Ha)

Transport or service infrastructure corridors.

Borrow pit or shallow surface excavation (with a depth of less than 5 metres).
Topsoil Stockpile

Basic Raw Material Extraction — Processing equipment or stockpile associated with
basic raw material extraction

Total 37.5
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4. ASSESSMENT OF CLEARING PRINCIPLES

Clearing applications are assessed against 10 principles as outlined in Schedule 5 of the EP Act (Table 6). These
principles aim to ensure that all potential impacts resulting from the removal of native vegetation can be assessed
in an integrated way and applied to all lands in Western Australia. The principles address the four main
environmental areas of biodiversity significance, land degradation, conservation estate and ground and surface
water quality.

Information regarding the potential impact of clearing for mining activities on each of these principles for the Project
area is provided in Table 6.

Table 6:Native Vegetation Clearing Principles

Clearing Principle

Biodiversity Significance

Assessment

Assessed Outcome

a) Native vegetation
should not be cleared if it
comprises a high level of
biological diversity.

The vegetation to be cleared is not considered to
support a high level of biological diversity.
Vegetation communities and fauna habitats of the
Project are considered common and widespread
in the subregion and unlikely to function as
refugia.

Flora and vegetation surveys did not record any
Threatened Ecological Communities (TECs) or
Priority Ecological Communities (PECs).

No restricted Vegetation Substrate Association
were recorded in the area.

The proposed clearing is
unlikely to significantly impact
biodiversity at a local or regional
level. Therefore, the proposed
clearing is not likely to be at
variance with this clearing
principle.

b) Native vegetation
should not be cleared if it
comprises the whole or
part of, or is necessary for
the maintenance of, a
significant habitat for
fauna indigenous to
Western Australia.

Two fauna habitats were identified in the survey
area. These were considered to be common and
widespread in the local area and extend well
beyond the clearing boundary.

There are no restricted vegetation units that have
been identified in the Project area that are
considered significant for the maintenance of
native fauna.

Conservation significant fauna — 12 fauna
species of conservation significance listed under
legislation or as Priority species by DBCA have
the potential to occur in the survey area, with only
one being known to occur:

—  Night Parrot - no favoured habitat in the
area.

—  Malleefowl — no breeding habitat present,
foraging may occur. Pre-clearance surveys
for Malleefowl will be undertaken. Any
identified active Malleefowl mounds will be
avoided and an exclusion zone of 50 m
around the active mound will be maintained.

—  Grey Falcon - at extent of range and no
nearby records. Breeding habitats absent.

—  Chuditch - species is very uncommon or
locally extinct.

—  Great Desert Skink - no recent nearby
records. Potential suitable habitat is present.

—  Princess Parrot - at extent of range and no
nearby records. Potential suitable habitat is
present.

—  Fork-tailed Swift- Aerial species unlikely to
be impacted.

The proposed clearing is
unlikely to significantly impact
the habitat of fauna at a local or
regional level. Therefore, the
proposed clearing is not likely to
be at variance with this clearing
principle.

20230706 Jonah Bore Purpose Permit Supporting Document 20




Jonah Bore Project | Purpose Permit Supporting Document

Clearing Principle

Assessment

—  Peregrine Falcon- no favoured habitat in the
area.

—  Brush-tailed Mulgara — Favoured habitat
present. Habitat deemed common and
widespread in the area.

—  Long-tailed Dunnart - no favoured habitat in
the area.

—  Central Long-eared Bat - no favoured
habitat in the area.

—  Striated Grasswren — Favoured habitat
present. Habitat deemed common and
widespread in the area.

Ten SRE'’s species that either had a conservation
status or a likely SRE status were identified to
have a low likelihood of occurrence within the
survey area. Due to the homogenous nature of
the habitat in which these species are found, it is
unlikely that they are restricted to the project
area.

Assessed Outcome

c) Native vegetation
should not be cleared if it
includes, or is necessary
for the continued
existence of, rare flora.

No threatened plant taxa protected under state or
federal legislation were recorded during flora
surveys.

No Priority flora species were recorded in the
clearing area.

Should populations of Priority flora be identified
they will be avoided where possible, otherwise
liaison with DMIRS will be undertaken and an
impact assessment report will be provided prior to
clearing occurring.

The proposed clearing is
unlikely to significantly impact
conservation significant flora at
a local or regional level.
Therefore, the proposed clearing
is not likely to be at variance
with this clearing principle.

d) Native vegetation
should not be cleared if it
comprises the whole or a
part of or is necessary for
the maintenance of a
TEC.

No TECs or PECs were recorded in the Project
area.

The proposed clearing will not
impact TECs, therefore, the
proposed clearing is not likely to
be at variance with this clearing
principle.

e) Native vegetation
should not be cleared if it
is significant as a remnant
of native vegetation in an
area that has been
extensively cleared.

Vegetation of the area is not considered to be
remnant, with limited clearing in a vastly
uncleared environment.

The proposed clearing is
unlikely to significantly impact
remnant vegetation at a local or
regional level. Therefore, the
proposed clearing is not likely to
be at variance with this clearing
principle.

f) Native vegetation
should not be cleared if it
is growing in, orin
association with, an
environment associated
with a watercourse or
wetland.

There are no wetlands or permanent surface
water features in the Project area.

All drainage lines in the immediate vicinity of the
Project are ephemeral and remain dry for most of
the year.

No vegetation groups were classed as riparian in
the clearing area.

The proposed clearing is
unlikely to significantly impact
watercourses or wetlands at a
local or regional level.
Therefore, the proposed clearing
is not likely to be at variance
with this clearing principle.

Land Degradation

g) Native vegetation
should not be cleared if
the clearing of the
vegetation is likely to
cause appreciable land
degradation.

The proposed vegetation clearing and mining
operations will not cause any appreciable land
degradation.

The area of active mining open at any one time
will be limited to 10 ha.

MLG has had implemented successful
rehabilitation programs that has been applied
across all MLG projects. All disturbed areas will

The proposed clearing is
unlikely to
significantly impact land
degradation at a local or
regional level. Therefore, the
proposed clearing is not likely to
be at variance with this clearing
principle.
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Clearing Principle

Assessment

be rehabilitated at the completion of operations,
or progressively throughout operation where it is
practical to do so. MLG has had implemented
successful rehabilitation programs that has been
applied across all MLG projects.

Assessed Outcome

Conservation Estate

h) Native vegetation
should not be cleared if
the clearing of the
vegetation is likely to
have an impact on the
environmental values of
any adjacent or nearby
conservation area.

There are no conservation estates in the vicinity
of the Project.

The proposed clearing will not
impact the environmental values
of any adjacent or nearby
conservation area. Therefore,
the proposed clearing is not
likely to be at variance with this
clearing principle.

Ground and Surface Water Quality

i) Native vegetation
should not be cleared if
the clearing of the
vegetation is likely to
cause deterioration in the
quality of surface or
underground water.

Surface water:

There are no notable drainage lines or
watercourses in the vicinity of the Project. Due to
the nature of the sandy soils and the proposed
stormwater management controls (v-drains,
bunds and berms will be constructed as
necessary to direct rainfall away from open
excavations), stormwater ponding is expected to
be limited.

Groundwater:

Clearing of vegetation is unlikely to have an
impact on the quality of groundwater.
Groundwater will not be intersected or impacted
by the mining of sand and gravel.

There are no groundwater dependant vegetation
units within the Project area.

The disturbance area is not within a Public
Drinking Water Source Area.

The proposed clearing is
unlikely to significantly impact
the quality of surface or
underground water on a local or
regional level. Therefore, the
proposed clearing is not likely to
be at variance with this clearing
principle.

j) Native vegetation
should not be cleared if
clearing the vegetation is
likely to cause, or
exacerbate, the incidence
of flooding.

The Project is in an area of uncoordinated
ephemeral drainages which are dry for most of
the year, with low rainfall and areas of sand with
high infiltration. However, minor flows will occur
periodically during high rainfall events.

Some localised increase in surface runoff may
occur where vegetation is cleared.

However, the impact is unlikely to be detectable
in the context of the range of the natural
variability of runoff and implementation of
proposed stormwater management controls.
Any minor effects will be short term as most of
the area cleared will be revegetated on
completion of operations or progressively where
practicable.

The proposed clearing is
unlikely to cause, or exacerbate,
the incidence of flooding.
Therefore, the proposed clearing
is not likely to be at variance
with this clearing principle.

In summary, the assessment of the proposed clearing of 37.5 ha of vegetation in the project area against the ten
clearing principles demonstrates that there is unlikely to be a significant impact on any of the environmental factors
in the clearing principles. Therefore, the proposed clearing is in accordance with the ten-clearing principles.
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5.

ENVIRONMENTAL MANAGEMENT MEASURES

The following commitments listed in Table 7 are made to ensure impacts to native vegetation, fauna and habitat are
minimised. These are consistent with the commitments made in the Mining Proposal submitted to DMIRS.

Table 7:Management Commitments

Environment Commitment Commitment
Aspect No.
Clearing and | Commitment 1 Activities undertaken in a manner that minimizes vegetation clearing and ground
Topsoil disturbance.
Disturbance | Commitment 2 All clearing will be undertaken in accordance with a Native Vegetation Clearing
Permit and the Clearing Procedure.
Commitment 3 The area of active mining open at any one time will be limited to 10 ha.
Commitment 4 Clearing areas will be clearing pegged and/or flagged to delineate in the field.
Commitment 5 The clearing request form will require sign off by the Project Manager prior to
clearing occurring.
Commitment 6 The Clearing Procedure will be incorporated into the site induction.
Commitment 7 Disturbed areas will be rehabilitated progressively and in accordance with the Mine
Closure Plan.
Surface Commitment 8 Surface mobile equipment will be maintained throughout the life of the Project to
Water minimise the risk of spillage and/or seepage to the environment.
Commitment 9 Stormwater management controls, including v-drains, bunds and berms will be
constructed as necessary to direct rainfall away from open excavations.
Flora and Commitment 10 | All vehicles and equipment arriving on site will be in a clean condition, free of soil,
Fauna weeds, seeds and vegetative matter.
Commitment 11 | Adherence to Weed management and monitoring programs.
Commitment 12 | Pre-clearance surveys for conservation significant flora and fauna will be
undertaken one month prior to clearing.
Commitment 13 | Should additional populations of priority flora or fauna be identified, MLG Oz will
apply the following procedure:
—  Where possible, priority species will be avoided.
Where priority species cannot be avoided, MLG Oz will liaise with DMIRS and
provide a supplementary report on impacts to species prior to any clearing
occeurring.
Commitment 14 | Any identified active Mallee fowl mound will be avoided and an exclusion zone of
50 m around the active mound will be maintained.
Commitment 15 | Should additional populations of priority flora or fauna be identified, MLG Oz will
apply the following procedure:
—  Where possible, priority species will be avoided.
Where priority species cannot be avoided, MLG Oz will liaise with DMIRS and
provide a supplementary report on impacts to species prior to any clearing
occurring
Commitment 16 | An understanding of % impacts to Priority species will be maintained.
Commitment 17 | Records will be maintained and made available for internal and external reporting,
auditing and improvement.
Commitment 18 | An assessment of the disturbance footprint will be undertaken post clearing
activities and as new aerial imagery, or survey data become available.
Commitment 19 | Personnel will be required to adhere to speed limits and drive to road/weather
conditions to minimise risks of fauna injuries or death due to traffic.
Air Quality Commitment 20 | Unsealed surfaces will be watered as required to minimise the generation of dust.
and Noise Commitment 21 | During high winds, topsoil stripping and spreading activities will be restricted if dust
cannot be adequately controlled.
Commitment 22 | Vehicles and plant will be maintained as per manufacturer specifications to ensure

noise and air emissions are minimised.
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Environment Commitment Commitment
Aspect No.

Aboriginal Heritage Act 1972.

Commitment 23 | All proposed operations will be carried out in accordance with the provisions of the

will be restricted with an appropriate safety bund.

Commitment 24 | To protect the general public from inadvertently entering the Project area,
appropriate signage will be erected and access to any abrupt changes in elevation

Workforce Commitment 25 | An environmental and heritage induction and training program will be developed
and Training for the Project.

MLG Oz has developed an internal land clearing procedure, which is outlined in Table 8. All clearing will be
undertaken in accordance with the Native Vegetation Clearing Permit and the Clearing Procedure, which has been
translated into a clearing request form (Appendix 8). The Clearing Request Form will require sign off by the Project
Manager prior to clearing occurring and this will be incorporated into the site induction.

No.

Table 8:MLG Oz Clearing Procedure

Description

Identify area of land requiring clearing. Produce a map that clearly shows the location
and size of the area to be cleared.

Responsibility
Project Manager

Verify that all the necessary approvals exist for the proposed clearing and that
associated conditions have been met, including necessary flora and fauna surveys.
All areas delineated for clearing will require pre-clearance searches for Mallee fowl
mounds by a suitably qualified person, prior to clearing occurring.

Project Manager /
Environmental
Consultant

Check that the area is within the boundaries approved by DMIRS for clearing.

Project Manager

Check that clearing will not result in exceedance of allowed areas to be open at any
one time.

Project Manager

Peg the area to be cleared with survey pegs and flagging tape such that the area to be
cleared is clearly marked.

Project Manager

Inspect any earthworks equipment that has arrived at site or may have been used in
an area where weed species are recorded. Ensure the underside of the machinery
and implements are free of weed seeds, pieces of vegetation and caked mud or earth.

Any machinery that is not free of weed seeds, vegetation or caked earth must not be
allowed to operate until it is thoroughly cleaned.

Project Manager

Hold a pre-start meeting with the earthworks operators and supervisor to ensure they
are advised of the following:

. The exact requirements of the earthworks (e.g. where the clearing pegs are
located).

. Any clearing conditions specified in the permit (including flora and fauna
survey requirements).

. The location where vegetation and topsoil are to be stockpiled or re-spread.
. The location of any environmental or rehabilitated areas that are to be avoided.

Project Manager

Once vegetation has been removed, commence the removal of topsoil to the depth
specified by the Project Manager and in accordance with the Mining Proposal. Push the
topsoil to the area where it is to be stored. If the topsoil is to be stockpiled elsewhere,
push the topsoil into an area where it can be easily loaded and removed.

Earthworks Operator

Ensure the topsoil stockpile is less than two metres high and is not located in an area
where it can be inundated by water, driven over or disturbed.

Earthworks Operator

During earthworks, regularly inspect the activities and ensure the conditions of this
procedure and associated approval documents are complied with.

Project Manager

Should any non-compliance with the permit conditions or this procedure, or the potential
disturbance of an environmental or rehabilitated area be noticed or suspected,
immediately stop the earthworks until the issues are solved.

Project Manager

Undertake a post-clearing inspection, recording the final area of disturbance, location of
the vegetation and topsoil stockpiles, volume and date.

Project Manager
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Description

Responsibility

13 Ensure all clearing is reported in the Annual Environmental Report submission. Project Manager

MLG Oz has developed a Weed Management Procedure that is outlined in Table 9. The Weed Management Procure
includes a monitoring program to ensure early weed detection. The procedure in (Appendix 9).

Table 9:Weed Management Procedure

No. Description Responsibility

Define the area of extent for a weed inventory and management program on an annual basis, and
in line with any changes to lease holdings.

Project
Coordinator

All personnel will record locations of weed infestations if identified during day-to-day duties on site,
including site inspections and monitoring. At a minimum, the physical location coordinates and
species name needs to be recorded and sent to the Project Coordinator for mapping and recording
in the weed data base.

All personnel

Project
Coordinator

Compliance
Manager
Seek advice on the best method of removal from the Department of Primary Industries and .
. . . . . Compliance
Regional Development, WA, or other appropriate advisors, and direct onsite personnel to carry Manager

out the selected removal option.

The weed management program must be planned and implemented on an annual basis.
Implementation may vary depending on rainfall events and specific site conditions.

Project Manager

Prior to commencing the program, a pre-start meeting will be held with weed management

contractors to prioritise and plan the requirements of the program. Project Manager
Choose a method of treatment for each identified weed species in consultation with the weed
management contractor and government departments as required. Weed treatment methods that Weed

ee

may be used include, but are not limited to:
. Herbicide/chemical mix application; and
. Manual techniques such as digging & hand-pulling.

Coordinator

Weed spraying contractors will be engaged each year to undertake management programs as
required by the respective Project Managers if significant weed outbreaks have been identified.
Works undertaken during the program will be recorded to evaluate the effectiveness of current
treatments in subsequent programs using the Weed Management Form.

Project Manager

Follow-up mapping will need to take place at a similar time the following year to allow valid
comparisons.

When revisiting identified weed infestations from previous management programs, the
effectiveness of selected management techniques will be assessed and recorded in the weed
database. This will allow for improvements to be incorporated into subsequent weed management
programs.

Project Manager

Compliance
Manager
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6. REHABILITATION

Rehabilitation is the return of disturbed land to a safe, stable, productive, non-polluting, and self-sustaining condition
enabling beneficial land uses to be considered.

MLG Oz undertakes progressive rehabilitation whenever practicable. Rehabilitation includes the following steps:

o Battering the shallow pit walls to <12 degrees.

o Respreading topsoil on the pit floor to a typical depth of 300 mm.

o Respreading stockpiled vegetation to provide habitat and nutrients.

o Ripping pit surfaces to assist in capturing windblown seed, water infiltration, and reducing erosion potential.
Rehabilitation, closure monitoring and maintenance programs will be initiated to ensure the success of rehabilitation

works, demonstrate achievement of completion criteria, and identify the need for maintenance works as described
in the Mine Closure Plan.

MLG Oz has rehabilitated several disturbed areas that are no longer required by the mining operations. Of the
disturbance that has occurred, approximately 60% has been progressively rehabilitated (as of June 2022).
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Reference: P-116573 RPM Advisory Services Pty Ltd
RPM Ref: ADV-AU-00235 Level 2, 131 St Georges Terrace
Perth WA 6000

Australia

3 March 2022 Phone: +61 8 9482 0700

Fax: +61 8 9482 0799

Murray Leahy
Managing Director
MLG Oz Limited

10 Yindi Way
Kalgoorlie WA 6430

Dear Murray,
Re: Soil Assessment — Comet Vale, Jonah Bore and Mt Keith Deposits

Blueprint Environmental Strategies Pty Ltd (“Blueprint”) (prior to its acquisition by RPMGlobal Holdings
Limited, acting under its wholly-owned subsidiary, RPM Advisory Services Pty Ltd, together “RPM”) was
commissioned by MLG Oz Limited (“MLG” or the “Client”) to complete a soil assessment for the Comet
Vale, Jonah Bore and Mt Keith Deposits.

The following Memorandum is a deliverable as defined as part of the scope of work agreed on in P-116573.

Yours Sincerely,

Siobhan Pelliccia
Manager — ESG West
RPM Advisory Services Pty Ltd

This Memorandum has been prepared for MLG Oz Limited only for the purpose set out in and subject to the terms and conditions of
its engagement with Blueprint Environmental Strategies Pty Ltd. This Memorandum must be read in its entirety and is subject to all
limitations, assumptions and conditions as set out in its engagement and the body of the Memorandum. RPM does not authorise
reliance on this Memorandum by any third party except for relevant government agencies, RPM and will not be liable for any loss or
damage suffered by a third party relying on this Memorandum.
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1. Introduction

MLG Oz Limited (“MLG”) was established in 2002 and currently operates 29 sites throughout Western
Australia. MLG offers a range of value added services from bulk haulage, crushing and screening,
aggregate and sand supplies. Its client base includes some of Australia’s largest resource companies in the
gold, iron ore and nickel sectors.

MLG is seeking approval for developing sand supply operations at its Comet Value, Jonah Bore and Mt
Keith deposits in the northeast Goldfields region of WA (Figure 1). This Memorandum provides an
assessment of key physical and chemical properties of soil samples collected from each deposit, with a
focus on the suitability of these materials for rehabilitation of the sites following mine closure.

This Memorandum has been prepared for MLG Oz Limited only for the purpose set out in and subject to the terms and conditions of
its engagement with Blueprint Environmental Strategies Pty Ltd. This Memorandum must be read in its entirety and is subject to all
limitations, assumptions and conditions as set out in its engagement and the body of the Memorandum. RPM does not authorise
reliance on this Memorandum by any third party except for relevant government agencies, RPM and will not be liable for any loss or
damage suffered by a third party relying on this Memorandum.
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Figure 1: Location Plan
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2. Methodology

Representative samples of surface soil (0-20 cm) and subsoil (20-40 cm) were collected by MLG staff from
the following locations:

= Two locations (Site 1 and Site 2) from Comet Vale (Figure 2);

= Two locations (Site 1 and Site 2) from Jonah Bore (Figure 3); and

= Two locations (Site 1 and Site 2) from Mt Keith (Figure 4).

The samples were submitted to Envirolab Services (WA) Pty Ltd (MPL Envirolabs), located in Myaree, WA,
for analysis of the following parameters:

= pH of a 1:5 soil:water extract.

= Electrical conductivity (EC) of a 1:5 soil:water extract.

= Extractable sulfur by extraction with 0.25 M KCI solution at 40°C (KCL 40 test).

= Exchangeable cations (Ca, Mg, Na and K) by extraction with 1 M ammonium chloride, pH 7 solution.
= Extractable aluminium by extraction with 1 M KCI solution.

= Total nitrogen.

= Total phosphorus.

= Ammonium and nitrate nitrogen (by extraction with 1 M KCI).

= Extractable phosphorus (water extract).

= Phosphorus Buffer Index (PBI).

= Particle size distribution (PSD) by dry sieving through a stacked series of 150, 100, 75, 37.5, 19, 9.5,
4.75, 2.36, 1.18, 0.60, 0.425, 0.30, 0.15 and 0.075 mm sieves.

= Emerson Class Number using AS 1289.3.8.1 — 2017 (contracted to Western Geotechnical & Laboratory
Services, Welshpool).

= Acid digestible metals and metalloids (As, B, Ba, Be, Cd, Co, Cr, Cu, Hg, Mn, Mo, Ni, Pb, Sb, Se, Sn,
Zn).

This Memorandum has been prepared for MLG Oz Limited only for the purpose set out in and subject to the terms and conditions of
its engagement with Blueprint Environmental Strategies Pty Ltd. This Memorandum must be read in its entirety and is subject to all
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Figure 2: Comet Vale Soil Sampling Sites
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Figure 3: Jonah Bore Soil Sampling Sites
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Figure 4. Mt Keith Soil Sampling Sites
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3. Results and Discussion

3.1 Comet Vale Samples

Site information and results from laboratory analyses used to inform this assessment are presented in the
following locations:

= Plate 1 shows characteristics of the soil profile such as colour, texture and consistency.

= Figure 5 presents particle size distribution data for four samples from Comet Vale.

= Table 1 presents results for pH, EC and Emerson Class Number.

= Table 2 presents results for plant nutrients and PBI.

= Table 3 presents results for exchangeable cations (Ca, Mg, Na, K and Al) and calculated vales for
Cation Exchange Capacity (CEC) and Exchangeable Sodium Percentage (ESP).

= Table 4 presents results for acid-digestible metals and metalloids. Results have been compared with
concentration threshold values for clean fill under the DWER Landfill Waste and Classification
Definitions 1996 (as amended 2019), where available. These threshold values are:

- Arsenic 14 mg/kg
- Barium 5%

- Boron 5%

- Beryllium 2 mg/kg

- Cadmium 0.4 mg/kg
- Cobalt 5%

- Copper 5%

- Manganese 5%

- Mercury 0.2 mg/kg
- Molybdenum 10 mg/kg
- Lead 2 mg/kg

- Nickel 4 mg/kg

- Selenium 2 mg/kg

On the basis of this information, key findings relating to the characteristics of sand from Comet Vale are as
follows:

= Plate 1 shows that this soil is typical of pale reddish-brown sands from aeolian dune systems in the arid
regions of Western Australia. The soil is uniform in colour and texture throughout the excavated profile,
and apart from minor plant roots, is devoid of leaf litter and humus in the surface horizon.

= The particle size distributions of four samples tested (Figure 5) indicate very well sorted sand with a
median particle diameter of approximately 0.3 mm. The fine fraction contents, which includes very fine
sand (0.02 to 0.075 mm), silt (0.002 to 0.02 mm) and clay (<0.002 mm), are very low (£2%). The lack
of fine material means that there is a low risk of dust generation, but also means the soil profile will be
very well drained and have a low plant—available water holding capacity (PAWC).

= The samples are moderately acidic, as indicated by pH values between 5.4 and 5.6 (Table 1). These
values are typical of leached siliceous sands, which are naturally acidic and have very little pH buffering
capacity.

= The soil is non-saline, as indicated by low EC values ranging from 6.1 to 6.3 uS.cm (Table 1).

= Emerson Class Numbers of 5 indicate that the fine fraction materials have a low potential for dispersion.
Spontaneous dispersion and hard-setting behaviours are not expected for this soil type.

This Memorandum has been prepared for MLG Oz Limited only for the purpose set out in and subject to the terms and conditions of
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= Nutrient contents of these samples are very low, as indicated by low concentrations of total N, total P,
NH4-N, NO3-N, extractable S and extractable P presented in Table 2. PBI values, ranging from 27 to
29, are rated as very low, indicating the soil has very little capacity to retain nutrients supplied as soluble
fertilisers or by mineralisation of organic matter.

= Exchangeable cation concentrations (Table 3) are very low, with all values except for calcium being
below the laboratory reporting limits. These values indicate very low concentrations of calcium,
magnesium and potassium (all essential plant nutrients) and confirm the limited capacity of the soil to
retain other essential plant nutrients.

= The soils are classified as non-sodic, noting that soil sodicity is largely irrelevant to sandy sands.

= Concentrations of metals and metalloids (Table 4), with only nickel levels (4.3 to 4.9 mg/kg) exceeding
the WA concentration threshold for clean fill (4 mg/kg). These values do not represent a risk to human
health or the environment and remain well below the average global concentration of nickel in the
Earth’s crust (80 mg/kg, Smith and Huyck 1999).

Plate 1: Soil Profile at Comet Vale
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Figure 5: Particle Size Distribution — Comet Vale Samples
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Table 1: pH, EC and Emerson Class — Comet Vale Samples
Sample Units Sample 1 Sample 2 Sample 3 Sample 4
Location - Site 1 Site 1 Site 2 Site 2
Depth cm 0-20 20-40 0-20 20-40
pH pH units 55 54 5.6 5.6
EC pS/icm 6.1 6.3 6.3 6.1
Emerson Class - 5 5 5 5
Table 2:  Nutrients — Comet Vale Samples
Sample Units Sample 1 Sample 2 Sample 3 Sample 4
Location - Site 1 Site 1 Site 2 Site 2
Depth cm 0-20 20 - 40 0-20 20-40
Total N mg/kg 79 87 45 57
Total P mg/kg 14 14 15 14
Ammonium-N mg/kg 5.0 6.2 4.4 5.1
Nitrate-N mg/kg 0.36 0.34 0.26 0.32
Extractable S mg/kg 3 3 3 3
Extractable P mg/kg <0.5 <0.5 <0.5 <0.5
PBI - 28 29 28 27
Table 3: Exchangeable Cations — Comet Vale Samples
Sample Units Sample 1 Sample 2 Sample 3 Sample 4
Location - Site 1 Site 1 Site 2 Site 2
Depth cm 0-20 20-40 0-20 20-40
Calcium cmol(+)/kg 0.3 0.3 0.3 0.4
Magnesium cmol(+)/kg <0.41 <0.41 <0.41 <0.41
Sodium cmol(+)/kg <0.22 <0.22 <0.22 <0.22
Potassium cmol(+)/kg <0.13 <0.13 <0.13 <0.13
Aluminium cmol(+)/kg <0.07 <0.07 <0.07 <0.07
CEC cmol(+)/kg <1 <1 <1 <1
ESP % <1 <1 <1 <1
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Table 4: Metals and Metalloids — Comet Vale Samples
Sample Units Sample 1 Sample 2 Sample 3 Sample 4

Location - Site 1 Site 1 Site 2 Site 2
Depth cm 0-20 20 - 40 0-20 20-40
Arsenic mg/kg 13 15 1.7 1.7
Boron mg/kg <1 <1 <1 <1
Barium mg/kg 2.8 3.1 2.6 2.7
Beryllium mg/kg <0.5 <0.5 <0.5 <0.5
Cadmium mg/kg <0.1 <0.1 <0.1 <0.1
Cobalt mg/kg 1.0 1.2 13 1.2
Chromium mg/kg 75 82 97 100
Copper mg/kg 1.7 2.0 2.3 2.2
Mercury mg/kg <0.01 <0.01 <0.01 <0.01
Manganese mg/kg 12 11 20 16
Molybdenum mg/kg <0.5 <0.5 <0.5 <0.5
Nickel mg/kg 4.3 4.7 4.9 4.8
Lead mag/kg 13 14 1.6 17
Antimony mg/kg <0.5 <0.5 <0.5 <0.5
Selenium mg/kg 0.1 0.1 0.2 0.2
Tin mg/kg <0.5 <0.5 <0.5 <0.5
Zinc mg/kg 1.5 1.3 1.2 1.2

3.2 Jonah Bore Samples

Site information and results from laboratory analyses used to inform this assessment are presented in the

following locations:

= Plate 2 show characteristics of the soil profile such as colour, texture and consistency.

= Figure 6 presents particle size distribution data for four samples from Comet Vale.

= Table 5 presents results for pH, EC and Emerson Class Number.

= Table 6 presents results for plant nutrients and PBI.

= Table 7 presents results for exchangeable cations (Ca, Mg, Na, K and Al) and calculated vales for
Cation Exchange Capacity (CEC) and Exchangeable Sodium Percentage (ESP).

= Table 8 presents results for acid-digestible metals and metalloids. Results have been compared with
concentration threshold values for clean fill under the DWER Landfill Waste and Classification
Definitions 1996 (as amended 2019), where available. These threshold values are:

Arsenic
Barium
Boron
Beryllium
Cadmium
Cobalt
Copper
Manganese
Mercury
Molybdenum
Lead
Nickel
Selenium

14 mg/kg
5%

5%

2 mg/kg
0.4 mg/kg
5%

5%

5%

0.2 mg/kg
10 mg/kg
2 mg/kg
4 mg/kg
2 mg/kg
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On the basis of this information, key findings relating to the characteristics of sand from Jonah Bore are as
follows:

= Plate 2 shows that this sail is typical of pale reddish-brown sands from aeolian dune systems in the arid
regions of Western Australia. The soil is uniform in colour and texture throughout the excavated profile,
and apart from minor plant roots, is devoid of leave litter and humus in the surface horizon.

= The particle size distributions of four samples tested (Figure 6) indicates very well sorted sand with a
median particle diameter of approximately 0.25 mm. The fine fraction contents, which includes very
fine sand (0.02 to 0.075 mm), silt (0.002 to 0.02 mm) and clay (<0.002 mm), are very low (£2%). The
lack of fine material means that there is a low risk of dust generation, but also means the soil profile will
be very well drained and have a low plant—available water holding capacity (PAWC).

= The samples are moderately acidic, as indicated by pH values of 5.3 (Table 5). These values are
typical of leached siliceous sands, which are naturally acidic and have very little pH buffering capacity.

= The soil is non-saline, as indicated by low EC values ranging from 7.0 to 8.0 uS.cm (Table 5).

= Emerson Class Numbers of 5 indicate that the fine fraction materials have a low potential for dispersion.
Spontaneous dispersion and hard-setting behaviours are not expected for this soil type.

= Nutrients contents of these samples are very low, as indicated by low concentrations of total N, total P,
NHas-N, NOz-N, extractable S and extractable P presented in Table 6. PBI values, ranging from 17 to
29, are rated as very low, indicating the soil has very little capacity to retain nutrients supplied as soluble
fertilisers or by mineralisation of organic matter.

= Exchangeable cation concentrations (Table 7) are very low, with all values except for calcium being
below the laboratory reporting limits. These values indicate very low concentrations of calcium,
magnesium and potassium (all essential plant nutrients) and confirm the limited capacity of the soil to
retain other essential plant nutrients.

= The soils are classified as non-sodic, noting that soil sodicity is largely irrelevant to sandy sands.

= Concentrations of metals and metalloids (Table 8) were all below the WA concentration thresholds for
clean fill. Chromium values were slightly elevated (16 — 190 mg/kg), but are considered to be of no
environmental consequence as chromium is expected in to present in very stable minerals (such as
chromite, FeCr204) in which it occurs as the almost insoluble trivalent form (Cr3*).

Plate 2: Soil Profile at Jonah Bore
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Figure 6: Particle Size Distribution —Jonah Bore Samples
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Table 5: pH, EC and Emerson Class —Jonah Bore Samples
Sample Units Sample 1 Sample 2 Sample 3
Location - Site 1 Site 1 Site 2
Depth cm 0-20 20 - 40 0-20
pH pH units 5.3 5.3 5.3
EC puS/cm 7.0 8.0 7.1
Emerson Class - 5 5 5
Table 6: Nutrients — Jonah Bore Samples
Sample Units Sample 1 Sample 2 Sample 3
Location - Site 1 Site 1 Site 2
Depth cm 0-20 20-40 0-20
Total N mg/kg 54 46 65
Total P mg/kg 31 28 34
Ammonium-N mg/kg 6.5 6.1 4.7
Nitrate-N mg/kg 0.19 0.21 0.32
Extractable S mg/kg 3 4 3
Extractable P mg/kg <0.5 <0.5 <0.5
PBI - 26 29 17
Table 7. Exchangeable Cations — Jonah Bore Samples
Sample Units Sample 1 Sample 2 Sample 3
Location - Site 1 Site 1 Site 2
Depth cm 0-20 20-40 0-20
Calcium cmol(+)/kg <0.25 <0.25 0.4
Magnesium cmol(+)/kg <0.41 <0.41 <0.41
Sodium cmol(+)/kg <0.22 <0.22 <0.22
Potassium cmol(+)/kg <0.13 <0.13 <0.13
Aluminium cmol(+)/kg <0.07 <0.07 <0.07
CEC cmol(+)/kg <1 <1 <1
ESP % <1 <1 <1l
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Table 8: Metals and Metalloids — Jonah Bore Samples
Sample Units Sample 1 Sample 2 Sample 3

Location - Site 1 Site 1 Site 2
Depth cm 0-20 20-40 0-20
Arsenic mg/kg 1.8 1.9

Boron mg/kg <1 <1 <1
Barium mg/kg 1.8 1.9 2.0
Beryllium mg/kg <0.5 <0.5 <0.5
Cadmium mg/kg <0.1 <0.1 <0.1
Cobalt mg/kg 0.9 0.7 0.9
Chromium mg/kg 190 160 160
Copper mg/kg 2.7 2.4 3.1
Mercury mg/kg <0.01 <0.01 <0.01
Manganese mg/kg 17 15 20
Molybdenum mg/kg <0.5 <0.5 <0.5
Nickel mg/kg 3.9 3.2 3.8
Lead mg/kg 2.8 2.5 2.8
Antimony mg/kg <0.5 <0.5 <0.5
Selenium mg/kg 0.3 0.3 0.3
Tin mg/kg <0.5 <0.5 <0.5
Zinc mg/kg 2.4 2.0 4.4

3.3 Mt Keith Samples

Site information and results from laboratory analyses used to inform this assessment are presented in the

following locations:

= Plate 3 show characteristics of the soil profile such as colour, texture and consistency.

= Figure 7 presents particle size distribution data for four samples from Comet Vale.

= Table 9 presents results for pH, EC and Emerson Class Number.

= Table 10 presents results for plant nutrients and PBI.

= Table 11 presents results for exchangeable cations (Ca, Mg, Na, K and Al) and calculated vales for
Cation Exchange Capacity (CEC) and Exchangeable Sodium Percentage (ESP).

= Table 12 presents results for acid-digestible metals and metalloids. Results have been compared with
concentration threshold values for clean fill under the DWER Landfill Waste and Classification
Definitions 1996 (as amended 2019), where available. These threshold values are:

Arsenic
Barium
Boron
Beryllium
Cadmium
Cobalt
Copper
Manganese
Mercury
Molybdenum
Lead
Nickel
Selenium

14 mg/kg
5%

5%

2 mg/kg
0.4 mg/kg
5%

5%

5%

0.2 mg/kg
10 mg/kg
2 mg/kg
4 mg/kg
2 mg/kg
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On the basis of this information, key findings relating to the characteristics of sand from Jonah Bore are as
follows:

= Plate 3 shows that this soil is typical of pale reddish-brown sands from aeolian dune systems in the arid
regions of Western Australia. The soil is uniform in colour and texture throughout the excavated profile,
and apart from minor plant roots, is devoid of leave litter and humus in the surface horizon.

= The particle size distributions of four samples tested (Figure 7) indicates very well sorted sand with a
median particle diameter of approximately 0.3 mm. The fine fraction contents, which includes very fine
sand (0.02 to 0.075 mm), silt (0.002 to 0.02 mm) and clay (<0.002 mm), are very low (£2%). The lack
of fine material means that there is a low risk of dust generation, but also means the soil profile will be
very well drained and have a low plant —available water holding capacity (PAWC).

= The samples are moderately acidic, as indicated by pH values of 5.3 to 5.6 (Table 9). These values
are typical of leached siliceous sands, which are naturally acidic and have very little pH buffering
capacity.

= The soil is non-saline, as indicated by low EC values ranging from 4.6 to 7.0 uS.cm (Table 9).

= Emerson Class Numbers of 5 indicate that the fine fraction materials have a low potential for dispersion.
Spontaneous dispersion and hard-setting behaviours are not expected for this soil type.

= Nutrients contents of these samples are very low, as indicated by low concentrations of total N, total P,
NHas-N, NOs-N, extractable S and extractable P presented in Table 10. PBI values, ranging from 13 to
23, are rated as very low, indicating the soil has very little capacity to retain nutrients supplied as soluble
fertilisers or by mineralisation of organic matter.

= Exchangeable cation concentrations (Table 11) are very low, with all values being below the laboratory
reporting limits. These values indicate very low concentrations of calcium, magnesium and potassium
(all essential plant nutrients) and confirm the limited capacity of the soil to retain other essential plant
nutrients.

= The soils are classified as non-sodic, noting that soil sodicity is largely irrelevant to sandy sands.

= Concentrations of metals and metalloids (Table 8) were all below the WA concentration thresholds for
clean fill.

Plate 3:  Soil Profile at Mt Keith
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Figure 7: Particle Size Distribution — Mt Keith Samples
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Table 9: pH, EC and Emerson Class — Mt Keith Samples
Sample Units Sample 1 Sample 2 Sample 3 Sample 4
Location - Site 1 Site 1 Site 2 Site 2
Depth cm 0-20 20 - 40 0-20 20-40
pH pH units 5.5 5.6 5.3 5.3
EC puS/cm 4.6 4.9 7.0 6.7
Emerson Class - 5 5 5 5
Table 10: Nutrients — Mt Keith Samples
Sample Units Sample 1 Sample 2 Sample 3 Sample 4
Location - Site 1 Site 1 Site 2 Site 2
Depth cm 0-20 20 - 40 0-20 20-40
Total N mg/kg 70 59 19 19
Total P mg/kg 30 34 21 19
Ammonium-N mg/kg 3.9 51 6.1 6.1
Nitrate-N mag/kg 0.23 0.31 0.11 0.12
Extractable S mg/kg <2 <2 5 4
Extractable P mg/kg <0.5 <0.5 <0.5 <0.5
PBI - 23 22 13 22
Table 11: Exchangeable Cations — Mt Keith Samples
Sample Units Sample 1 Sample 2 Sample 3 Sample 4
Location - Site 1 Site 1 Site 2 Site 2
Depth cm 0-20 20-40 0-20 20 - 40
Calcium cmol(+)/kg <0.25 <0.25 <0.25 <0.25
Magnesium cmol(+)/kg <0.41 <0.41 <0.41 <0.41
Sodium cmol(+)/kg <0.22 <0.22 <0.22 <0.22
Potassium cmol(+)/kg <0.13 <0.13 <0.13 <0.13
Aluminium cmol(+)/kg <0.07 <0.07 <0.07 <0.07
CEC cmol(+)/kg <1 <1 <1 <1
ESP % <1 <1 <1 <1
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Table 12: Metals and Metalloids — Mt Keith Samples
Sample Units Sample 1 Sample 2 Sample 3 Sample 4

Location - Site 1 Site 1 Site 2 Site 2
Depth cm 0-20 20 - 40 0-20 20-40
Arsenic mg/kg 18 1.9 13 13
Boron mg/kg <1 <1 <1 <1
Barium mg/kg 25 2.7 3.0 3.0
Beryllium mg/kg <0.5 <0.5 <0.5 <0.5
Cadmium mg/kg <0.1 <0.1 <0.1 <0.1
Cobalt mg/kg 0.7 0.7 <0.5 <0.5
Chromium mg/kg 75 77 64 59
Copper mg/kg 2.4 2.6 15 1.6
Mercury mg/kg <0.01 <0.01 <0.01 <0.01
Manganese mg/kg 18 22 13 12
Molybdenum mg/kg <0.5 <0.5 <0.5 <0.5
Nickel mg/kg 2.1 2.6 13 1.4
Lead mag/kg 2.2 2.2 14 1.3
Antimony mg/kg <0.5 <0.5 <0.5 <0.5
Selenium mg/kg 0.2 0.2 0.2 0.2
Tin mg/kg <0.5 <0.5 <0.5 <0.5
Zinc mg/kg 2.1 2.2 15 1.2

4. Conclusions

The physical and chemical properties of sands from Comet Vale (Section 3.1), Jonah Bore (Section 3.2)
and Mt Keith (Section 3.3) are sufficiently similar for the same rehabilitation strategies to be applied at each
deposit. Characteristics that need to be considered when implementing site rehabilitation include:

= The materials are loose, pale red-brown aeolian sands with very low plant available water capacity.

= Although the sands have a low risk of generating significant amounts of dust, they contain substantial
amounts of fine to medium sand-sized patrticles that are easily mobilised by moderate to strong wind
gusts. The growth of emerging seedlings may be impacted by the associated sand blasting if the area
is not thoroughly ripped.

= The sands are moderately acidic, with pH values ranging from 5.3 to 5.6. As the soils are comprised
mainly of silica particles with very low concentrations of exchangeable aluminium, the acidity levels are
unlikely to be a problem for common sand dune species (notably Spinifex triodia) in the arid regions of
WA.

= The sands are non-saline and non-sodic.

= Nutrients contents and soil organic matter contents are extremely low. Low PBI and CEC values
indicate they have very little capacity to retain soluble nutrients applied as soluble fertilisers or
mineralised organic materials. The very low nutrient status is unlikely to support high densities of plant
species, and application of slow-release, balanced fertilisers may be beneficial for revegetation of each
site.

= Heavy metal and metalloid concentrations are exceptionally low and, with the exception of slightly
elevated nickel (when compared to DWER contamination threshold values) in the Comet Vale sample,
comply with “clean fill” criteria in WA (DWER 2019).

In summary, the soils from all sites have comparable properties, comprising stable, geochemically benign
aeolian sands with limited nutritional value for plant growth. Given that local, native plant species are
adapted to these conditions, revegetation of disturbed surfaces is expected to occur over time. This is
reinforced by the positive performance of areas that have already been rehabilitated by MLG, as
demonstrated by rehabilitation performance monitoring reports (Blueprint 2021a, Blueprint 2021b) and
general site observations.
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Your reference: Phone: 9334 0123
Our reference: 2006F000108V0H Fax: 9334 0278
Enquiries: Kelly Poultney Email: kellyp@calm.wa.gov.au

i Leahy Haulage
f PO Box 1484
KALGOORLIE WA 6433

| Attention: Murray Leahy

Dear Mr Leahy
S REQUEST FOR RARE FLORA INFORMATION
[ refer to your request of 16 February 2006 for information on rare flora in the following areas.

1. Cangrass swamp: The search co-ordinates used were 29° 57° - 30° 27° S and 120° 50" - 121° 20" E.
2. Agnew: The search co-ordinates used were 27° 41’ - 28° 11’ S and 120° 11’ - 121° 41" E.

A search was undertaken for this area of (1) the Department's Threatened (Declared Rare) Flora database (for
'\ results, if any, see “Threatened Flora Data” — coordinates are GDA94 — there were no records retrieved on this

database for ‘Cangrass swamp’), (2) the Western Australian Herbarium Specimen database for priority species
opportunistically collected in the area of interest (for results, if any, see “WAHERB”- coordinates are GDA94
— see condition number 9 in the attached ‘Conditions in Respect of Supply’) and (3), the Department’s
Declared Rare and Priority Flora List [this list, which may also be used a species target list, contains species
that are declared rare (Conservation Code R or X for those presumed to be extinct), poorly known
(Conservation Codes 1, 2 or 3), or require monitoring (Conservation Code 4) — for results, if any, see
“Declared Rare and Priority Flora List”]. The results are attached electronically to this email,

Attached also are the conditions under which this information has been supplied. Your attention is specifically
: drawn to the seventh point, which refers to the requirement to undertake field investigations for the accurate
T determination of rare flora occurrence at a site. The information supplied should be regarded as an indication
o only of the rare flora that may be present.and may be used as a target list in any surveys undertaken.

: i An invoice for $250 (plus GST) to supply this information will be forwarded.

! [t would be appreciated if any populations of rare flora encountered by you in the area could be reported to this
Department to ensure their ongoing management.

i If you require any further details, or wish to discuss rare flora management, please contact my Principal
Botanist, Dr Ken Atkins, on (08) 9334 0425,

Yours faithfully

for Keiran McNamara
EXECUTIVE DIRECTOR
** February, 2006

Please note: Co-ordinates supplied for all data search requests must be provided in latitude/longitude format,
‘eastings and northings” are no longer suitable. Thank you.

\ SPECIES & COMMUNITIES BRANCH: 17 Dick Perty Ave, Technalogy Park, Kensington
Postal Address: Locked Bag 104, Bentley Delivery Centre, Bentley, Western Australia 6983
Phone: (08) 9334 0455 Fax: (08) 93340278 Website: www.agfurebase et

§ _




1.

DEPARTMENT OF CONSERVATION AND LAND MANAGEMENT
RARE FLORA INFORMATION

CONDITIONS IN RESPECT OF SUPPLY OF INFORMATION

All requests for data to be made in writing to the Executive Director, Department of Conservation and
Land Management, Attention: Threatened Flora Database Officer, Species and Communities Branch.

The data supplied may not be supplied to other organisations, nor be used for any purpose other than for
the project for which they have been provided, without the prier written consent of the Executive
Director, Department of Conservation and Land Management.

Specific locality information for Declared Rare Flora is regarded as confidential, and should be treated
as such by receiving organisations. Specific locality information for DRF may not be used in public
reports without the written permission of the Executive Director, Department of Conservation and Land
Management. Publicly available reports may only show generalised locations or, where necessary,
show specific locations without identifying species. The Department is to be contacted for guidance on
the presentation of rare flora information.

Note that the Department of Conservation and Land Management respects the privacy of private
landowners who may have rare flora on their property. Rare flora locations identified in the data as
being on private property should be treated in confidence, and contact with property owners made
through the Department of Conservation and Land Management.

Receiving organisations should note that while every effort has been made to prevent errors and
omissions in the data provided, they may be present. The Department of Conservation and Land
Management accepts no responsibility for this.

Receiving organisations must also recognise that the database is subject to continuval updating and
amendment, and such considerations should be taken into account by the user.

It should be noted that the supplied data do not necessarily represent a comprehensive listing of
the rare flora of the area in question. Its comprehensiveness is dependant on the amount of
survey carried out within the specified area. The receiving organisation should employ a botanist,
if required, to undertake a survey of the area under consideration.

Acknowledgment of the Department of Conservation and Land Management as source of the data is to
be made in any published material. Copies of all such publications are to be forwarded to the-
Department of Conservation and Land Management, Attention: Principal Botanist, Species and
Communities Branch.

. The development of the PERTH Herbarium database was not originally intended for electronic mapping

(eg. GIS ArcView). The latitude and longitude coordinates for each entry are pot verified prior to being
databased. It is only in recent times that collections have been submitted to PERTH with GPS recorded
in latitude and longitude coordinates. Therefore, be aware when using this data in ArcView that some
records may not plot to the locality description given with each collection.




THE DEPARTMENT OF CONSERVATION AND LAND MANAGEMENT

DECLARED RARE AND PRIORITY FLORA LIST

for Western Australia

CONSERVATION CODES

Declared Rare Flora - Extant Taxa

Taxa which have been adequately searched for and are deemed to be in the wild
either rare, in danger of extinction, or otherwise in need of special protection, and
have been gazetted as such,

Declared Rare Flora - Presumed Extinct Taxa

Taxa which have not been collected, or otherwise verified, over the past 50 years
despite thorough searching, or of which all known wild populations have been
destroyed more recently, and have been gazetted as such.

Priority One - Poorly known Taxa

Taxa which are known from one or a few (generally <5) populations which are
under threat, either due to small population size, or being on lands under immediate
threat, .2, road verges, urban areas, farmland, active mineral leases, etc., or the plants
are under threat, e.g. from disease, grazing by feral animals, etc. May include taxa with
threatened populations on protected lands. Such taxa are under consideration for
declaration as 'rare flora', but are in urgent need of further survey.

Priority Two - Poorly Known Taxa

‘Taxa which are known from one or a few {generally <5) populations, at least some
of which are not believed to be under immediate threat (i.e. not currently
endangered). Such taxa are under consideration for declaration as ‘rare flora’, but are in
urgent need of further survey.

Priority Three - Poorly Known Taxa

Taxa which are known from several populations, and the taxa are not believed to
be under immediate threat (i.c. not currently endangered), either due to the number of
known populations (generally >5), or known populations being large, and either
widespread or protected. Such taxa are under consideration for declaration as 'rare flora'
but are in need of further survey.

Priority Four - Rare Taxa

Taxa which are considered to have been adequately surveyed and which, whilst
being rare {in Australia), are not currently threatened by any identifiable factors.
These taxa require monitoring every 5-10 years.




ABBREVIATIONS USED IN THREATENED FLORA DATABASE PRINTOUTS

VESTING

AGR

ALT  Aboriginal Land Trust

BAP  Baptist Union of WA Inc

BSA  Boy Scouts Association

cC Conservation Comission — NPNCA - LFC
CGT  Crown Grant in Trust

COM  Commonwealth of Austraiia
CRO  Crown Freehold-Govt Ownership
DOL  Dept of Land Administration
DPU  Ministry for Planning

EXD  Exec Direc CALM

FRE Freehold

HOW Homeswest

ILD Industrial Lands Develop. Auth
JOI Joint Vesting-NPNCA & Shire
LAC  LandCorp

LFC Lands and Forests Commission
MAG  Minister for Agriculture

MED  Ministry of Education

MHE  Minister for Health

MIN  Minister for Mines

MPL  Ministry for Planning

MPR  Minister for Prisons

MRED  Main Roads WA

MTR  Minister for Transport

MWA  Minister for Water Resources
MWQO Minister for Works

NAT  Natural Trust of Australia WA
NON Not Vested

NPN NPNCA

OTH  Other

PRI Private

RAI Westrail

SEC Western Power

SHI Shire

SpC State Planning Commission
TEL  Telstra

TGR  Timber Govt Requirement
TOW TOWN

UNK  Unknown

WAT  Water Corporation

WEL  Minister Community Welfare
WRC  Water & Rivers Commission
XPL  Ex-Pastoral Lease
PURPOSES

ABR  Aboriginal Reserve

AER  Aerodrome

CAM Camping

CAR  Caravan park

CEM  Cemetery

CFA  Conservation of Fauna

CFF Conservation Of Flora & Fauna
CFL.  Conservation of Flora

CHU  Church

CPK  Car Park

COM Common

CON  Conservation Park

DEF  Defence

DRA  Drain

EDE  Educational Endowment

EDU  Educational purposes UWA
ENE Enjoyment of Natural Environ.
EXC  Excepted from sale

Chief Exec Dept of Agriculture

EXL
EXP
FIR
FOR
GHA
GOL
GRA
GRE
GVT
HAR
HEP
HER
HOS
KEN
MIN
MUN
NPK
NRE
OTH
PAC
PAR
PAS
PFL
PIC
PLA
POS
PPA
PRS
PUT
QUA
RAD
RAC
REC
REH
RNP
RRE
RUB
SAN
SCH
SET
SHIL
SHO
SNN
STO
TIM
TOU
TOW
TRA
TRI
TVT
UNK
UT!
VCL
VER
VPF
WAT
WCO
W00

Exploration Lease
Experimental Farm
Firing Range

State Forest

Grain Handling
Golf

Gravel Pit

Green Belt
Government Requirements
Harbour Purposes
Heritage Purposes
Heritage trail
Hospital

Kennels

Mining lease
Municipat Purposes
National Park
Nature Reserve
Other

Public access
Parkland (& Recreation)
Pastoral lease
Protection of Flora
Picnic ground
Plantation

Public Open Space
Public parkland
Prison site

Pubtic Utility
Quarry

Radio Station
Racecourse
Recreation
Rehabilitation
Re-establish Native Plants
Railway Reserve
Rubbish

Sand

School-site

Settlers requirerents
Shire Requirements
Showgrounds
Sanitary

Stopping place
Timber

Tourism

Town-site

Training Ground
Trig station
Television transmitting
Unknown

Utilities

Vacant Crown Land
Road Verge

Vermin Proof Fence
Water

Water & Conservation of F & F
Firewood

*
Please note that LFC now comes under the Conservation Commission,
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GOLDFIELDS LANDCARE SERVICES

PO Box 485, Kalgoorlie 6433
Fax: 90213334 Mobile: 0413134955

Email: xerophil@optusnet.com.au
ABN 32 669 560 047

RARE FLORA SEARCH AND VEGETATION SURVEY FOR
LEAHY HAULAGE P.L. AT AGNEW

Goldfields Landcare Services conducted a vegetation survey for Leahy Haulage P.L. on
adjoining leases M36/657 and L36/187 located 12k NW of Agnew on 25 and 26 July 2006.
The survey and identification work was carried out by Phil Stanley and Paula Pavlovic.

Lease No M36/657 has been pegged for the purpose of sand mining and covers an area of 1000m
x 1500m over sand plain and sand dunes supporting vegetation associations typical of that land
type while lease No M36/657 is a miscellaneous lease pegged to provide access to the former
lease and is 100m wide x 1720m long, most of which is on sand plain country with the southern
portion extending into lateritic gravel adjacent to breakaway country.

The vegetation consists primarily of a mixture of small patches of:

Low Open Woodland in which the tallest stratum is dominated by Eucalyptus gongolycarpa;
and Tall Open Shrubland where Muiga is predominant over a matrix of Low Open Shrubland
(Eremophila sp et al) and Tussock Grassland (Spinifex)

The area had been burnt approximately 18 months previously and was in an early phase of
regeneration. It had received very little rain prior to this survey. These facts combined with the
timing of the survey; during a period when very few of the plants were in bud or flower, made a
positive identification of a number of the specimens collected very difficult.

A series of traverses were conducted around the perimeter of the leases and along the diagonals
of the mining lease with frequent departures from the traverse lines to inspect plant species not
immediately recognisable. Due to the open nature of the vegetation, visibility was very good.

Specimen material of those plant species not immediately recognised was collected, pressed and
dried before being returned to Kalgoorlie where identification was carried out using appropriate
reference books, plant keys, Florabase and comparison with specimens contained in Goldfields
Landcare Services collection of plant samples and those at the Goldfields Herbarium.
Additionally, numerous photographs were taken and used as an aid in identification.




Documents obtained from CALM showed that there are six priority species in the area, namely:
Baeckia sp Sandstone (Conservation status P1)

Eremophila pungens ms (P4)

Acacia balsamea (P4)

Eucalyptus striaticalyx subsp. delicata (P1)

Grevillea inconspicua (P4)

Hemigenia exilis (P4)

One specimen in particular proved to be too difficult to confidently eliminate from the list of
priority species with the information and material available at the time as it bore similarities to
some Baeckia species. A more complete description of Baeckia sp. Sandstone was obtained from
the Dept of Environment and Conservation in Kalgoorlie and compared to additional
photographs and plant material collected from the site by Murray Leahy on 31.08.06 which
included flowers. We were then able to determine that our specimen was not Baeckia sp.
Sandstone,

One additional specimen has still not been identified but as it bears no resemblance to any of the
priority species listed above we are able to conclude that none of those priority species occurred
on either of the leases surveyed.

A total of 81 species was identified to at least genus level a list of which is attached.
Phil Stanley

Director
03.09.06
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24/02/2006

WAHERB SPECIMEN DATABASE
GENERAL ENQUIRY

Acacia balsamea
R.S.Cowan & Maslin {Mimosaceae)
CONSERVATION STATUS:P4
Coll.: B.R. Maslin 5402 Date: 20 09 1983 ( PERTH 00153222)
LOCALITY Leinster Downs Station, 3 ki N of Perserverence Well (which is at
Agnew Mine Camp No. 1 site) WA

LAT 27 Deg 49 Min 22.000 Sec S LONG 120 Deg 35 Min 59.000 Sec E
Rounded or infundibular shrubs to 2.5 m tall, phyllodes concentrated towards
ends of branches. Bark medium to dark grey, fibrous, finely longitudinally
fissured towards base of main trunks, smooth on branches. Phyllodes erect, not
particularly rigid, shallowly curved to shallowly serpentinous, medium green,
with fine resin ribs which are just visible to the unaided eye, smelling of *
On top of highly weathered, granite breakaway. Growing with Acacia aneura,
Abundance: common.
Previous det.: Acacia balsamea R.8.Cowan & Maslin
Frequency:common.

Baeckea sp. Sandstone (C.A. Gardner s.n. 26 Oct. 1963)
PN (Myrtaceae)
CONSERVATION STATUS:P!
Coll.: R. Schuh & G. Cassis 96-19 Date: 26 10 1996 ( PERTH 05095190 )
LOCALITY 31.7 kin W of Agnew towards Sandstone, WA
LAT 27 Deg 57 Min 44.000 SecS LONG 120 Deg 25 Min 39.000 Sec E
Host No. 72
Previous det.: Thryptomene aspera subsp. glabra

Eucalyptus striaticalyx
subsp. delicata Nicolle & P.J.Lang  (Myrtaceac)
CONSERVATION STATUS:P1
Coll.: S.G.M. Carr 513 Date: 22 03 1963 { PERTH 01290908 )
LOCALITY 614 mile peg on Wiluna - Leonora road [20 km N of Agnew on the
Wiluna - Leonoraroad] WA
LAT 27 Deg 50 Min 0.000 Sec S LONG 120 Deg 31 Min 0.000 Sec E
15 ft half barked.
Previous det.: Eucalyptus striaticalyx W .Fitzg.



241022006 DEPARTMENT OF CONSERVATION AND LAND MANAGEMENT
DECLARED RARE AND PRIORITY FLORA LIST

22 February 2005
CONS CALM
SPECIES / TAXON REGION DISTRIBUTION
CODE
Baeckea sp. Sandstone (CA Gardner 1 GLDMW Wiluna, Sandstone, Agnew
s.n.)
Eremophila pungens ms 4  GLDMW Eareheedy, Meekatharra, Lake Way,

Barwidgee, Wanjarri, Wiluna,
Wonganoo, Granite Peak, Lorna Glen
Hmstd, Agnew, Leinster

Page 1
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February 24, 2006 Summary of Threatened Flora Data Page 1 of

Total No. of Records =5

Species ;\Iame Cons. PopID No. Latitude Longitude Purpose Vest
Plants

Grevillea inconspicua 4 14 27754'20.3" 120737'03.1" Pasloral lease NON

4 15 27756'19.3" 120736'58.1" Pastorallease NON

4 16 27457'04.3" 120736'54.1" Pastorallease NON

4 17 27757'45.3" 120736'58.1" Pastoral lease NON

Hemigenia exilis 4 7 200 28~09'37.3" 120°40'40.1" Pastoral lease NON
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EXECUTIVE SUMMARY

MLG Oz Pty Ltd (MLG) owns and operates sand mining operations at four project areas
in the Goldfields region of Western Australia. As part of these mining proposals MLG has
commissioned Onshore Environmental Consultants (Onshore Environmental) to
undertake a desktop study of the Jonah Bore Project Area. The Jonah Bore Project Area
(herein referred to as the study area) is located approximately 600km northeast of Perth
and 25 km west of Leinster in the Northern Goldfields region.

The desktop survey included an assessment of the potential for conservation significant
species and ecological communities to occur within or surrounding the study area, as
well as a comprehensive literature review of surveys previously completed within the
general area.

A total number of 358 plant taxa (including varieties and subspecies) from 49 families
and 151 genera were identified within a 40 km radius search of the study area. Species
representation was greatest amongst the Fabaceae, Asteraceae, Chenopodiaceae,
Scrophulariaceae, Poaceae and Myrtaceae families. The most speciose genera were
Eremophila (34 taxa), Acacia (25 taxa), Eucalyptus (13 taxa), Ptilotus (10 taxa) and
Maireana (10 taxa).

None of the plant taxa recorded from the database search were gazetted as Threatened
Flora pursuant to the Biodiversity Conservation Act 2016 (BC Act) or listed under the
Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act).

A list of conservation significant flora species occurring within a 50 km radius of the study
area was compiled during the literature review and database searches. The likelihood of
each taxon occurring within the study area was assessed using a set of criteria that are
based on presence of suitable landform and distance to known records. A total of 14
Priority flora taxa, as listed by the Department of Biodiversity Conservation and
Attractions (DBCA), were identified as potentially occurring within the study area. Of
these species, one species was identified as likely to occur within the study area based
on known distribution and habitat preference; Baeckea sp. Sandstone (C.A. Gardner s.n.
26 Oct. 1963) (Priority 3). The remaining 13 Priority flora taxa identified were considered
unlikely to occur within the study area.

No introduced species or Declared Pests listed under the Biosecurity and Agriculture
Management Act 2007 (BAM Act 2007) were recorded from the database searches. A
total of eleven introduced flora species were identified as potentially occurring within the
study area.

A list of Threatened Ecological Communities (TECs) and Priority Ecological Communities
(PECs) occurring within a 100 km radius of the study area was compiled during the
literature review and database searches. No TECs or PECs as listed by the Department
of Energy and Environment (DoEE) or the DBCA were identified as being likely to occur
within the study area.

Vegetation within the study area was determined to be well represented at all levels
(statewide, bioregional [IBRA region and IBRA sub-region] and local), with greater than
99% of the pre-European extent remaining for the sole Beard (1976) vegetation
association represented within the study area. The proportion of the same vegetation
association occurring within secure (Class I-IV) reserves is less than 2% at the state
level, which is under the 15% minimum standard. However, given that the pre-European
extent of the Beard vegetation association will not be significantly reduced (i.e. it will
remain well above the 30% threshold within the bioregion), the reservation status is
determined to be of least concern for biodiversity conservation.
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1.0 INTRODUCTION
1.1 Preamble

MLG is a privately owned company currently operating out of approximately 20 sites in
Western Australia and the Northern Territory. MLG holds four mining tenements in the
Goldfields region of Western Australia (WA) including:

M15/1466 - Eight Mile Rock Hole Project;

M15/125 - Mt Burges Project;

M24/905 - Canegrass Project; and

M36/657 - Jonah Bore Project.

Onshore Environmental was commissioned to undertake a desktop assessment of the
Jonah Bore Project. This report details findings from this assessment.

1.2 Location and Land Use

The Jonah Bore Project Area (herein referred to as the study area) is located within the
Shire of Leonora in central southern Western Australia (Figure 1). The nearest regional
towns are Leinster (25 km east) and Sandstone (112 km west). The study area is
serviced by an unsealed road that connects with the nearest sealed road, the Agnew-
Sandstone Road, approximately 2 km to the south.

The dominant land uses in the region are pastoral grazing (cattle), crown reserves and
mining (operations and exploration). The study area is located on the Leinster Downs
Pastoral Lease and the closest active mine site is the Agnew Gold Mine, approximately
8 km to the southeast. Nickel and gold are the dominant mining resources in the region.

1.3  Biogeographic Regions

The latest version of the Interim Biogeographic Regionalisation for Australia (IBRA7)
divides Australia into 89 bioregions based on climate, geology, landform, native
vegetation and species information, and includes 419 sub-regions (Department of
Environment 2013, Thackway and Cresswell 1995). The bioregions and sub-regions are
the reporting unit for assessing the status of native ecosystems and their level of
protection in the National Reserve System.

The study area is located within the Murchison bioregion, specifically within the Eastern
Murchison sub-region (MURO1) which covers approximately 7.85 million hectares
(Cowan 2001). The Eastern Murchison sub-region comprises northern parts of the
Southern Cross and Eastern Goldfields Terrains of the Yilgarn Craton. It is characterised
by extensive areas of elevated red desert sandplains with occasional dune systems and
scattered breakaway complexes, as well as internal drainage systems comprising
extensive salt lake systems associated with occluded paleo-drainage channels. The
vegetation is dominated by Mulga Woodlands often rich in ephemerals, hummock
grasslands, saltbush shrublands and Tecticornia shrublands (Cowan 2001).
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1.4 Climate

The Murchison region has an arid to semi-arid climate. The closest weather station to the
study area is the Leinster Aero weather station, approximately 25 km east of the study
area. Average annual rainfall is 266.1 mm with a bimodal rainfall pattern peaking in
February and July (Figure 2). Summer rainfall originates from deteriorating tropical
cyclones that cross the coast of northern Western Australia and dissipate to the south
east. Winter rainfall results from cold fronts crossing the southern coastline and moving
inland. Mean maximum summer temperatures peak at 37.3 degrees in January with
mean maximum winter temperatures down to 18.9 degrees in July. Mean minimum
temperatures range from 23.3 degrees in January to 6.1 degrees in July.
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Figure 2 Rainfall and climatic data recorded at the Leinster Airport station for
2019 and January to May 2020, with the long term average (Bureau of
Meteorology 2020).

1.5 Soils and Landforms

Tille (2006) classified the most recent and detailed mapping of Western Australia’s
rangelands and arid interior into a hierarchy of soil-landscape mapping units. The study
area is located within the Murchison Province of the Goldfields Region. The Murchison
Province occupies about 304,875 km? (12.1% of Western Australia), covering the eastern
Mid-West and Northern Goldfields region of central Western Australia. The Murchison
Province consists of an extensive plateau of low relief. High points in the landscape are
often laterite or silcrete mesas in areas of granitic basement rock. These mesas are
described as having lateritic breakaways, kaolinised footslopes (often saline) and are
surrounded by gently sloping plains. Areas of low hills, domes and tor fields of granite,
gneiss and quartz also occur in the upper parts of the landscape.

The majority of the landscape consists of gently undulating wash plains and sandplains.
Plains in the area are typically red-brown hardpan plains with sandy banks and groves,
occasionally with gravelly mantles. There are also some areas of narrow saline drainage
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tracts. Low rises with outcrops of granite, gneiss and schists also occur in combination
with quartz stony and gravelly plains.

Another dominant feature of the landscape of this province is extensive areas of gently
undulating sandplains with occasional sand dunes. These areas are most common to the
east of the province becoming dominant towards the eastern margin. Sandplains also
occur in the north-west and the south-west sectors of the province.

The soils for the Murchison Province are described as red loamy earths and red-brown
hardpan shallow loams, with some red shallow loams on wash plains. Red sandy earths
and red deep sands are found on sandy banks.

The Murchison Province is divided into seven soil-landscape zones, with the study area
occurring within the Salinaland Plains Zone. The Salinaland Plains Zone is located in the
Northern Goldfields between Lake Barlee and Lake Ballard and extending to Wiluna and
Laverton. The zone is approximately 132,450 km? in area. Major landform units consist of
sandplains (with hardpan wash plains and some mesas, stony plains and salt lakes) on
granitic rocks (and some greenstone) belonging to the Yilgarn Craton. Soils are
predominantly red sandy earths, red deep sands, red shallow loams and red loamy
earths with some red-brown hardpan shallow loams, salt lake soils and red shallow
sandy duplexes. The vegetation is summarised by Tille (2006) as Mulga shrublands with
spinifex grasslands (and some halophytic shrublands and eucalypt woodlands).

1.6  Land Systems

Land system mapping has been completed across the north-eastern goldfields at a scale
of 1:250,000 by Pringle et al. (1994). A single land system occurs within the study area;
the Bullimore Land System (Figure 3). The Bullimore Land System is characterised by
broadly undulating red sandplains with occasional occurrences of near parallel sand
dunes. Vegetation is generally dominated by spinifex hummock grasslands.

There are five land units that have been defined for the Bullimore Land System (Table 1).
The sand sheet unit is the most dominant land unit accounting for approximately 85% of
the total land system. The other land units cover a smaller proportion of the land system,
with loamy plains occupying approximately 10%, followed by narrow drainage zones and
dissected tracts (2% each), and dunes (1%).



Desktop Flora and Vegetation Survey
Jonah Bore Project

Table 1 Land units occurring within the Bullimore land system.

Land Unit Definition Soil % of Area
Sand sheet Extensive level to gently undulating plains, Deep earthy 85%
occasionally more than 10 km wide. red sand
Sand dune Generally linear, occasionally reticulate, aeolian Deep siliceous 1%
deposits to 5 km long and generally < 10 m high. | red sand
Loamy plains Generally level tracts to 2 km wide subject to Deep sandy- 10%
sheet run-on from adjacent outcrops of granite. surfaced red
earth
Narrow drainage | Narrow (< 100 m) tracts subject to concentrated | Deep sandy- 2%
zones sheet flow and sump areas near granite surfaced red
outcrops. earth
Dissected tracts | Variably stripped weathered granite surfaces, Lithosols 2%

including incipient breakaways

1.7  Flora and Vegetation

The study area is located within the Austin Botanical District, within the Murchison IBRA
region of the Eremaean Province (Beard 1990). Beard (1976) described and mapped
vegetation of the area at a scale of 1:1,000,000. The original vegetation mapping
undertaken by Beard was refined by Shepherd et al. (2002) at a scale of 1:250,000. One
vegetation association was defined covering the entire study area, 107 Hummock
Grassland, described as shrub steppe, mulga and Eucalyptus kingsmilli over hard
spinifex (Figure 4). The Pre-European extent currently remaining for the vegetation
association within the study area is 100% (Table 2).

Table 2 Pre-European extent of the vegetation association occurring within the
study area (Shepherd et al. 2002).

Vegetation = System | Description Pre- % %
Association European = Remaining Current

Extent Extent in
(ha) Class I-IV
Reserves

107 Wiluna | Hummock Grassland, shrub steppe, 3,348,249 100.0 3.1
mulga and Eucalyptus kingsmillii
over hard spinifex
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20 METHODOLOGY

2.1 Guidance Statements

The desktop assessment was carried out in a manner that was compliant with
Environmental Protection Authority (EPA) requirements for the environmental surveying
and reporting in Western Australia:

e Technical Guidance Flora and Vegetation Surveys for Environmental Impact
Assessment (EPA 2016a);

e Environmental Factor Guideline: Flora and Vegetation (EPA 2016b); and
e Statement of Environmental Principles, Factors and Objectives (EPA 2020).

2.2 Desktop Assessment

2.2.1 Literature Review

Two regional scale reports relevant to the study area locality were reviewed:
e A summary of bioregional data (Cowan 2001); and
e Vegetation description and mapping by Beard (1976).

There was one historical flora and vegetation survey completed in July 2006 on mining
leases M36/657 and M36/187 that included the current study area (Goldfields Landcare
Services 2006). Two recent surveys undertaken on behalf of MLG on similar landforms
(i.e. sand dunes and sand plains) were also reviewed:
¢ Onshore Environmental (2020a) Detailed Flora and Vegetation survey Canegrass
Project area; and
e Onshore Environmental (2020b) Detailed Flora and Vegetation survey Eight Mile
and Mt Burges Project areas.

A number of additional surveys completed on various landforms within the surrounding
area were also reviewed as part of the desktop assessment:

e Blackwell and Cala (1977) Yeelirrie Mining Project Vegetation Surveys including
revegetation potential;

e EPA (2001) Mt Margaret Nickel-Cobalt Project, Anaconda Nickel Limited, Report
and recommendations of the Environmental Protection Authority;

e Onshore Environmental (2003) Field survey: Flora and Vegetation Leinster -
Wiluna Optic Fibre Cable Route;

¢ Onshore Environmental (2003) Field Survey: Flora and Vegetation Meekatharra -
Wiluna Optic Fibre Cable Route;

e Onshore Environmental (2004) Honeymoon Well Nickel Project Flora and
Vegetation Survey Wedgetail Deposit;

e Woodman Environmental Consulting (2006) Vivien Project Flora and Vegetation
Assessment;

e Onshore Environmental (2008) Agnew Gold Mining Company Emu - Vivien
Pipeline, Vivien, Vivien Gem, Turret North & Cinderella Project Flora &
Vegetation Survey; and

e Onshore Environmental (2008) Agnew Gold Mining Company Crusader, 450
South, Zone 2 and New Woman Projects Flora & Vegetation Survey.

2.2.2 Database Searches

Desktop searches included databases relating to conservation significant flora, TECs and
PECs previously collected or described within, or in close proximity to, the study area.
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For this report the search was extended beyond the study area to place flora values into
a local and regional context. The following databases were searched:

e NatureMap: This database represents the most comprehensive source of
information on the distribution of Western Australia’s flora, comprising records
from the Department of Biodiversity, Conservation and Attractions (DBCA)
database and the Western Australian (WA) Herbarium Specimen Database (40
km radial search; accessed 27 May 2020) (DBCA 2020a);

e DBCA’s Threatened and Priority flora database was searched to confirm the
NatureMap results (50 km radial search; May 2020) (DBCA 2020b);

e DBCA’s TEC, PEC and Environmentally Sensitive Areas (ESAs) database was
searched to identify significant communities (100 km radial search; May 2020)
(DBCA 2020c);

¢ Environmental Protection and Biodiversity Conservation (EPBC) Act Protected
Matters Database (50 km radial search; accessed 27 May 2020) (DoEE 2020);
and

¢ International Union for Conservation of Nature (IUCN) database (accessed 27
May 2020) (IUCN 2020).

A list of flora species that have the potential to occur within the study area was collated
from the above database searches.

2.2.3 Land Unit Mapping

Pringle et al (1994) completed land system mapping across the Northern Goldfields
region, which included the study area. This extensive and comprehensive mapping was
developed to provide baseline information about Western Australian rangelands for use
in management and conservation. These assessments have defined, characterised and
mapped the Western Australian landscape into broadly defined land systems which are
then further classified into land units based on landform, soil and vegetation interactions.

The landforms of the study area were inferred from land system mapping and land unit
descriptions made for the region by Pringle et al. (1994) and Mabbutt (1963), in
combination with high resolution aerial imagery of the study area.

2.2.4 Assessment of Conservation Significance

The conservation significance of flora and ecological communities are classified at a
Commonwealth, State and Local level on the basis of various Acts and Agreements,
including:

International Level:
e |UCN: The IUCN ‘Red List’ lists species at risk under nine categories (status
codes) (Appendix 1).

Commonwealth Level:

e EPBC Act: The Department of Energy and Environment (DoEE) lists threatened
flora and ecological communities, which are determined by the Threatened
Species Scientific Committee according to criteria set out in the Act. The Act lists
flora that are considered to be of conservation significance under one of six
categories (Appendix 1).

State Level:

e Biodiversity Conservation Act (BC Act): At a State level, native flora species are
protected under the BC Act - Wildlife Conservation Notice. A number of species
are assigned an additional level of conservation significance based on a limited
number of known populations and the perceived threats to these locations
(Appendix 1); and
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e DBCA Priority list: DBCA produces a list of Priority species and ecological
communities that have not been assigned statutory protection under the BC Act.
Possibly threatened species that do not meet survey criteria, or are otherwise
data deficient, are added under Priorities 1, 2 or 3. Species that are adequately
known, are rare but not threatened, or meet criteria for near threatened, or that
have been removed from the threatened species list for other taxonomic reasons,
are placed in Priority 4. These species require regular monitoring (see Appendix
1). The list of PECs identifies those that need further investigation before
nomination for TEC status at a State level (Appendix 1).

Local Level:

e Species may be considered of local conservation significance because of their
patterns of distribution and abundance. Although not formally protected by
legislation, such species are acknowledged to be in decline as a result of
threatening processes, primarily habitat loss through land clearing. These species
may be considered for listing under the DBCA’s Priority list if threatening
processes are not addressed and populations decline to such an extent that they
meet the criteria for conservation listing.

2.2.5 Assessment of Likelihood of Occurrence in the Study Area

A list of conservation significant flora species occurring within a 50 km radius of the study
area was compiled during the literature review and database searches. The likelihood of
each taxon occurring within the study area was assessed using a set of rankings and
criteria (as described in Table 3). The criteria are based on the presence of suitable
landforms and distance to known records. The presence of suitable habitat was
assessed based on land unit mapping of the study area and knowledge of the geology,
landforms, soils and vegetation of adjacent areas.

Table 3 Ranking system used to assign the likelihood that a flora species would
occur in the study area.

Rank Criteria

Recorded The species has previously been recorded in the study area.

Likely The species has previously been recorded from a landform/habitat which is
present within the study area, and there are previous records within a 20 km
radius of the study area.

Possible The species has previously been recorded from a landform/habitat which is
present within the study area, and there are previous records within a 50 km
radius of the study area.

Unlikely The landform/habitat from which the species has previously been recorded is
absent within the study area, and/or there are no previous records within a 50
km radius of the study area.

10
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3.0 RESULTS
3.1  Desktop Review

3.1.1 Previous Baseline Flora Surveys

The study area is situated within the Wiluna Sub-region of the Austin Botanical District in
the Eremaean Botanical Province (Beard 1976). Historically, regional vegetation was
described broadly as mulga bush (Gardner 1942), mulga scrub (Christian et al. 1960) or
arid scrub (Department of National Development 1955). More detailed studies by CSIRO
Division of Land Research were undertaken in 1958 covering the area between Wiluna
and Meekatharra (Mabbutt et al. 1963). Vegetation was described as a heterogeneous
mix of woodland, shrubland and hummock grassland. In total 75 vegetation communities
were recognised across the area surveyed. Due to the widespread dominance of the
mulga tree layer, many of the communities were defined by characteristic species
present in one or more of the understorey strata.

More recently vegetation of the eastern Murchison sub-region was described by Cowan
(2001) as dominated by mulga woodlands often rich in ephemerals, along with hummock
grasslands, saltbush shrublands and Halosarcia shrublands.

There has been one historical flora and vegetation survey undertaken at the study area in

July 2006 (Goldfields Landcare Services 2006), with a number of more recent surveys
completed in the wider region. Results from these surveys are described in Table 4.

11
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Previous surveys completed within the study area

Desktop Flora and Vegetation Survey
Jonah Bore Project

Previous surveys completed within and in close proximity to the study area.

Rare Flora Search and
Vegetation Survey for Leahy
Haulage PL at Agnew

Goldfields
Landcare
Services (2006)

25 - 26 July 2006

81 plant taxa

None

Previous surveys completed on behalf of MLG

Detailed Flora and Vegetation Onshore 19 - 21 May 2020 76 plant taxa Homalocalyx grandiflorus (P3), Newcastelia insignis (P2)
Survey Canegrass Project Area Environmental from 18
(2020a) families and
45 genera
Detailed Flora and Vegetation Onshore 25 - 29 February 2020 188 plant taxa | Acacia cylindrica (P3), Caesia viscida (P2, range extension),
survey Eight Mile and Mt Burges | Environmental from 37 Chamelaucium sp. Parker Range (B.H. Smith 1255) (P1, range
Project areas (2020b) families and extension), Hakea rigida (P2), Homalocalyx grandiflorus (P3),
102 genera Lepidosperma lyonsii (P1), Melichrus sp. Coolgardie (K.R. Newbey

8698) (P1), Newcastelia insignis (P2), Phebalium cf. drummondii
(P3), Verticordia mitodes (P3)

Previous surveys completed in close proximity to the study area

Yeelirrie Mining Project

Blackwell and

9-10 June 1976,

Not recorded

A number of undescribed species

Vegetation Surveys including Cala (1977) 5 September 1976, 23
revegetation potential March- 2 April 1977
Mt Margaret Nickel-Cobalt EPA (2001) A summary of surveys Not recorded Stenanthemum patens (P1), Eremophila pungens (P4), Hemigenia

Project, Anaconda Nickel
Limited, Report and
recommendations of the
Environmental Protection
Authority

completed by Dames &
Moore (2000), Landcare
Services (1997) and
Mattiske Consulting Pty
Ltd. (2000).

exilis (P4), Grevillea inconspicua (P4), Baeckea sp. Melita Station 2
Two undescribed flora species: Phyllanthus sp. nov?. (LCS 2987) and
Acacia aff. resinimarginea®

" Previously known as Stenanthemum sp. Mt Clifford.

2 Baeckea sp. Melita Station was recorded as a Priority 1 species at the time of the survey. This species is now known as Hysterobaeckea occlusa and is no longer listed as conservation significant.
3 Likely Phyllanthus baeckeoides (P3) which occurs in the area.
4 There are 11 priority Acacia species occurring within the Eastern Murchison subregion.

12
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Conservation Significant

Field survey: Flora and

Onshore

15-19 September 2003

188 plant taxa

Eremophila pungens (P4), Grevillea inconspicua (P4), Hemigenia

Vegetation Leinster — Wiluna Environmental from 33 exilis (P4), Hysterobaeckea occlusa®, Calytrix erosipetala®, Calytrix
Optic Fibre Cable Route (2003) families and uncinata’, Acacia balsamea®
73 genera
Field Survey: Flora and Onshore 8-10 February 2003 Not recorded Micromyrtus mucronulata (P1)°
Vegetation Meekatharra — Wiluna | Environmental
Optic Fibre Cable Route (2003)
Honeymoon Well Nickel Project Onshore 27-30 March 2004 192 taxa 41 None recorded
Flora and Vegetation Survey Environmental families, 87
Wedgetail Deposit (2004) genera
Vivien Project Flora and Woodman July 2006 137 taxa from | Hysterobaeckea occlua'?, Calytrix erosipetalal?, Grevillea
Vegetation Assessment Environmental 35 families inconspicua (P4)
Consulting (2006)
Agnew Gold Mining Company Onshore 27 March - 3 April 2008 138 taxa, 37 Hybanthus floribundus subsp. chloroxanthus (P3), Eremophila
Crusader, 450 South, Zone 2 & Environmental families and pungens (P4)
New Woman Projects Flora & (2008) 59 genera

Vegetation Survey

Agnew Gold Mining Company
Emu — Vivien Pipeline, Vivien,
Vivien Gem, Turret North &
Cinderella Project Flora &
Vegetation Survey

Onshore
Environmental
(2008)

29 January - 5 February
2008

136 taxa from
31 families
and 65 genera

Thryptomene sp. Leinster (B.J. Lepschi & L.A. Craven 4362) (P3),
Hysterobaeckea occlua'?, Calytrix erosipetala'®, Hybanthus
floribundus subsp. chloroxanthus (P3), Eremophila pungens (P4),
Grevillea inconspicua (P4)

5 Baeckea sp. Melita Station was recorded as a Priority 1 species at the time of the survey. This species is now known as Hysterobaeckea occlusa and is no longer listed as conservation significant.
6 This species was a Priority 3 species at the time of survey but is no longer listed as conservation significant.
" This species was a Priority 3 species at the time of survey but is no longer listed as conservation significant.
8 This species was a Priority 4 species at the time of survey but is no longer listed as conservation significant.
® This species was known as Micromyrtus racemosa var. mucronata at the time of survey.

10 gaeckea sp. Melita Station was recorded as a Priority 1 species at the time of the survey. This species is now known as Hysterobaeckea occlusa and is no longer listed as conservation

significant.

" This species was a Priority 3 species at the time of survey but is no longer listed as conservation significant.
12 gaeckea sp. Melita Station was recorded as a Priority 1 species at the time of the survey. This species is now known as Hysterobaeckea occlusa and is no longer listed as conservation

significant.

13 This species was a Priority 3 species at the time of survey but is no longer listed as conservation significant.

13
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3.1.2 Land Systems and Land Units - Rangeland Mapping

The study area lies within the Bullimore Land System as mapped by Pringle et al (1994),
which is characterised by broadly undulating red sandplains with occasional occurrences
of near parallel sand dunes, generally supporting vegetation dominated by spinifex
hummock grasslands.

Interpretation of aerial imagery for the study area identified two land units as occurring
within the study area; the ‘sand sheet’ and the ‘sand dune’ land units. The study area is
predominantly covered by a sandplain with a number of near parallel, aeolian sand dunes
(Figure 5, Table 5). Vegetation of these land units is described as being variable but
generally dominated by hard spinifex.

Table 5 Characteristics of land units relevant to the Bullimore Land System
(derived from Pringle et al 1994).

Land Unit Definition Vegetation

Sand sheet Extensive level to gently Hard spinifex hummock grasslands with generally very
undulating plains, variable scattered tall shrubs and trees (Acacia spp.
occasionally more than Proteaceous species and Eucalyptus spp.), often with
10km wide heath low shrubs

Sand dune Generally linear, Very variable; dominated alternatively by spinifex, low
occasionally reticulate, myrtaceous heath or tall proteaceous shrubs, rarely by
aeolian deposits to 5 km trees; heath component invariably prominent
long and generally < 10 m
high

14
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3.2  Flora Species

A total number of 358 plant taxa (including varieties and subspecies) from 49 families
and 151 genera have the potential to occur within the study area based on the desktop
assessment (Table 6, Appendix 2). The total species list includes those species recorded
from the 40 km radial search from Nature Map (DBCA 2020a), a 50 km radial search for
conservation significant flora (DBCA 2020b), and the 50 km Protected Matters Database
search (DoEE 2020). It is noted that the actual number of taxa occurring within the study
area boundary is likely to be lower than the above estimate due to the specific landforms
represented (i.e. sand plains and sand dunes).

Species representation within the region was greatest amongst the Fabaceae,
Asteraceae, Chenopodiaceae, Scrophulariaceae, Poaceae and Myrtaceae families
(Table 5). The most speciose genera were Eremophila (34 taxa), Acacia (25 taxa),
Eucalyptus (13 taxa), Ptilotus (10 taxa) and Maireana (10 taxa).

Table 6 Statistics for flora potentially occurring within the study area.

Overview No. Taxa

Families 49
Genera 151
Taxa (species, subspecies, varieties) 358
Native Taxa 346
Introduced Taxa 11
Threatened Flora 0
Priority Flora 14
Fabaceae 47
Asteraceae 44
Chenopodiaceae 41
Scrophulariaceae 34
Poaceae 29
Myrtaceae 29
Goodeniaceae 12
Amaranthaceae 10
Malvaceae 10
Eremophila 34
Acacia 25
Eucalyptus 13
Ptilotus 10
Maireana 10
Swainsona 9
Sclerolaena 8
Dodonaea 7
Atriplex 7
Rhodanthe 7
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3.3 Significant Flora

Database searches were undertaken around the study area (as detailed in Section 2.2)
to identify conservation significant flora previously collected or identified within, or in the
vicinity of, the study area.

3.3.1 Threatened Flora listed under the EPBC Act

A search of the EPBC Act Protected Matters database was undertaken for a 50 km
radius around the study area (DoEE 2020). No Threatened Flora (T) as listed under the
EPBC Act were recorded as occurring or having suitable habitat within the 50 km search
radius.

3.3.2 Threatened Flora listed under the IUCN Red List

A search of the International Union for Conservation of Nature (IUCN) database (IUCN
2020) determined that no Threatened Flora taxa were likely to occur within the study
area.

3.3.3 Threatened Flora listed under the BC Act

No Threatened Flora taxa were identified from the DBCA rare flora database search
(DBCA 2020b) as occurring within a 50 km radius of the study area.

3.3.4 Priority Flora recognised by the DBCA

The DBCA rare flora database and NatureMap searches identified fourteen (14) Priority
flora taxa as potentially occurring within a 50 km radius of the study area (Table 7). There
was one Periority 1 taxon, one Priority 2 taxon, ten Priority 3 taxa and two Priority 4 taxa
recorded. The likelihood of these taxa occurring within the study area is presented in
Table 7.

Based on the known distribution and habitat preferences of the 14 Priority flora taxa
recorded from the database searches, the Priority 3 flora taxon Baeckea sp. Sandstone
(C.A. Gardner s.n. 26 Oct. 1963) was the only species determine to be likely to occur
within the study area (Table 7). This taxon has been recorded on red sand plains
approximately 2 km southwest of the study area.

The remaining 13 Priority flora taxa were considered unlikely to occur within the study
area due to the absence of suitable habitat (Table 7).

Table 7 Significant flora previously recorded from a 50 km search radius of the
study area (DBCA 2020b).

Taxon Cons Life Form | Habitat Preference Likelihood in
Code study area

Baeckea sp. Sandstone P3 Perennial Red sand. Likely

(C.A. Gardner s.n. 26

Oct. 1963)

Calytrix warburtonensis P2 Perennial Rocky hills, breakaways. Unlikely

Eremophila arachnoides P3 Perennial Calcrete soils. Shallow loam over Unlikely

subsp. arachnoides limestone.

Eremophila pungens P4 Perennial Red soils with ironstone gravels. Unlikely
Stony plains.

Goodenia modesta P3 Annual Playa formation in paleodrainage Unlikely
channel. Salt lakes. Grey clay.
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Taxon Cons Life Form | Habitat Preference Likelihood in
Code study area
Grevillea inconspicua P4 Perennial Greenstone outcrops, adjacentto | Unlikely

drainage lines.
Ironstone ridge and stony plains.

Hemigenia exilis P4 Perennial Flat ground and low rises above Unlikely
creek. Quartz-feldspar gravel
conglomerate overlying a
weathered granite/felsic gneiss
bedrock. Red loam and red sandy
clay.

Homalocalyx echinulatus P2 Perennial Lower hillslopes with mantle of Unlikely
banded ironstone, quartz and
metasediments. Skeletal red
brown sandy clay loam soils.

Korthalsella leucothrix P1 Aerial Red sandy clay. On Acacia Unlikely
parasite; acuminata and A. craspedocarpa.
Perennial
Mirbelia ferricola P3 Perennial Banded ironstone hill crests. Unlikely
Skeletal soils.
Phyllanthus baeckeoides P3 Perennial Gentle slopes, gravelly ironstone Unlikely
soils.
Thryptomene nealensis P3 Perennial Growing on top of an irregular Unlikely

broken duricrust breakaway,
skeletal soils.

Thryptomene sp. Leinster P3 Perennial Rocky weathered granite, Unlikely
(B.J. Lepschi & L.A. sandstone outcrops and duricrust
Craven 4362) breakaways. Brown sandy clay

loam, sandy clay in depressions
on weathered granite.

Verticordia jamiesonii P3 Perennial Plateau of duricrust breakaway. Unlikely
Rocky weathered granite with
pockets of small sandy clay in
depressions.

3.1.5 Locally Significant Flora

Significant flora populations are generally restricted to certain habitat types and
substrates. Due to the prevalence of sand dune habitats across arid Australia, these
habitats are not generally known to harbour rare flora unless areas of sand dunes are
regionally isolated or have been under investigated floristically. Due to the regional
isolation and scattered occurrence of some of the sand dune belts across the Bullimore
Land System (and Eastern Murchison bioregion in general) some of the flora occurring
on sand dunes may be locally restricted.

3.4 Introduced Flora

A total of eleven introduced species were assessed as potentially occurring within the
study area from the database searches:

*Asphodelus fistulosus (Onion Weed);
*Citrullus colocynthis (Bitter Apple);
*Erodium aureum;

*Mentha pulegium (Pennyroyal);

*Digitaria ciliaris (Summer Grass);

*Setaria verticillata (Whorled Pigeon Grass);
*Rumex hypogaeus (Doublegee);

*Solanum nigrum (Black Berry Nightshade);
*Tribulus terrestris (Caltrop);
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e *Carrichtera annua (Ward's Weed); and
e  *Cenchrus ciliaris (Buffel Grass).

None of the above species are listed as Declared Pests under the Biosecurity and
Agriculture Management Act 2007 (BAM Act 2007).

3.5  Representation & Reservation of Vegetation

Regional mapping completed by Beard (1976) was utilised to assess the representation
of vegetation within the study area. One Beard vegetation association was represented
within the study area (Table 8). In terms of representation, the Western Australian
Government is committed to the National Objectives Targets for Biodiversity
Conservation which includes a target that prevents clearance of ecological communities
with an extent below 30% of that present at pre-European settlement (Department of
Natural Resources and Environment 2002, EPA 2000).

When considering representation at the State level, the Beard association represented
within the study area currently has 99.95% of the pre-European extent remaining
(Government of Western Australia 2018). The study area is located within the Murchison
bioregion, specifically within the Eastern Murchison subregion (as discussed in Section
1.4). When considering the representation of vegetation at the IBRA regional level and
IBRA system level, approximately 99% of the pre-European extent remains for the
vegetation association represented (Table 8). The study area falls entirely within the
Shire of Leonora. At this local level approximately 99% of the pre-European extent
remains for the vegetation association represented at a local level (Table 8). Vegetation
within the study area is therefore determined to be well represented at all levels
(statewide, bioregional [IBRA region and IBRA sub-region] and local).

In terms of reservation, there is a benchmark for a minimum of 15% of each Beard
vegetation association to be protected in Class I-IV reserves (Commonwealth of Australia
1997). The proportion of the vegetation association occurring within secure reserves
ranges between 1% and 5% at all levels (Table 8). However, given that the pre-European
extent of the Beard vegetation association represented within the study area will not be
significantly reduced (i.e. will remain well above the 30% threshold within the bioregion),
the reservation status is determined to be of least concern for biodiversity conservation.
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Table 8 Pre-European extent of vegetation represented on the basis of identified datasets (Government of Western Australia 2018).
o o A 5 5 P opea pea DBCA DB
- 0 o

Statewide

2,815,387.35 2,813,995.93 99.95 324942.557 1.65 324942.557 11.55
Beard Vegetation System — Wiluna

2,732,464.57 2,731,073.14 99.95 46,560.91 1.70 323,018.79 11.83
IBRA Region — Murchison

2,792,383.45 2,790,992.03 99.95 46,521.94 1.67 324,017.26 11.61
IBRA Sub-Region — East Murchison

2,785,303.02 2,783,911.60 99.95 46,521.94 1.67 322,406.58 11.58
Local Government — Shire of Leonora

229,689.82 229,387.36 99.87 11,707.76 5.10 11,707.76 5.10
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3.6

3.6.1 TECs listed under Federal Legislation

A search of the EPBC Act Protected Matters database (DoEE 2020) confirmed there
were no federally listed TECs within a 100 km radius of the study area (Table 9).

Significant Ecological Communities

3.6.2 TECs listed under State Legislation

A search of the DBCA ecological community database (DBCA 2019b) confirmed there
was one state listed TEC record within 100 km radius of the study area; The Depot
Springs Stygofauna Community (Table 9). This is listed as Vulnerable (criterion B) under
WA criteria (Appendix 1). This ecological community occurs 30 km to the west of the
study area and is considered very unlikely to occur due to the absence of drainage
features within the study area.

3.6.3 PECs recognised by DBCA

A search of DBCA'’s ecological community database (DBCA 2019) confirmed that seven
PECs were known to occur within a 100 km radius of the study area. These communities
are all listed as Priority 1 by the DBCA. There are two types of PECs that were identified
from the searches and predominately occur within the Murchison Region. The first group
includes unique calcrete groundwater stygofauna assemblages associated with
paleodrainage systems. These PECs are significant due to the invertebrate fauna and
are not generally noted for their flora assemblages. The second group of PECs are
characterised by rocky ranges composed of banded ironstone formation (BIF) with
unique flora assemblages. Neither of these landforms occur within or immediately
surrounding the study area, hence none of these PECs are likely to occur within the
study area.

Landforms within the study area are comprised of sandplains and sand dunes. These
landforms are not currently listed within any descriptions of TECs or PECs within the
Murchison bioregion. Based on inferred landforms of the study area and known habitat
types of currently documented TECs and PECs, it is unlikely that there will be
undocumented significant ecological communities within the study area.

Table 9 List of TECs and PECs occurring within 100km of the study area.

Community Name Characteristics Threats ‘ Category Location

Threatened Ecological Communities

Depot Springs stygofauna Unique assemblages of Mining VU B) 30 km W
community invertebrates have been

identified in the groundwater

calcretes.
Priority Ecological Communities
Booylgoo Range vegetation Banded ironstone formation Mining Priority 1 | 43 km W
complexes (banded ironstone
formation)
Kaluwiri calcrete groundwater Unique assemblages of Mining Priority 1 | 35 km
assemblage type on Raeside invertebrates have been NW
palaeodrainage on Kaluwiri identified in the groundwater
Station calcretes.
Lake Miranda east calcrete Unique assemblages of Mining Priority 1 17 km N
groundwater assemblage types invertebrates have been
on Carey palaeodrainage on identified in the groundwater
Yakabindie Station calcretes.
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Threats ‘ Category Location

Pinnacles calcrete groundwater Unique assemblages of Mining Priority 1 | 35 km
assemblage type on Raeside invertebrates have been SW
palaeodrainage on Pinnacles identified in the groundwater
Station calcretes.
Violet Range (Perseverance Banded ironstone formation Mining Priority 1 | 34 km
Greenstone Belt) vegetation NNW
complexes (banded ironstone
formation)
Yakabindie calcrete groundwater Unique assemblages of Mining Priority 1 | 30 km N
assemblage type on Carey invertebrates have been
palaeodrainage on Yakabindie identified in the groundwater
Station calcretes.
Yandal calcrete groundwater Unique assemblages of Mining Priority 1 | 50 km NE
assemblage type on Carey invertebrates have been
palaeodrainage on Yandal Station | identified in the groundwater

calcretes.
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40 SUMMARY

A total number of 358 plant taxa (including varieties and subspecies) from 49 families
and 151 genera were recorded from database searches within a 40 km radius search of
the study area. Species representation was greatest among the Fabaceae, Asteraceae,
Chenopodiaceae, Scrophulariaceae, Poaceae and Myrtaceae families. The most
speciose genera were Eremophila (34 taxa), Acacia (25 taxa), Eucalyptus (13 taxa),
Ptilotus (10 taxa) and Maireana (10 taxa).

None of the plant taxa recorded from the database search were gazetted as Threatened
Flora pursuant to the BC Act or listed under the EPBC Act.

A total of 14 Priority flora taxa, as listed by the DBCA, were identified from the database
searches. One Priority flora taxon was identified as likely to occur within the study area
based on the known distribution and habitat preference of the taxon; Baeckea sp.
Sandstone (C.A. Gardner s.n. 26 Oct. 1963) (Priority 3). The remaining 13 Priority flora
were considered unlikely to occur within the study area.

No Declared Pests listed under the BAM Act were recorded from the 40 km radial
database search. A total of eleven introduced species were assessed as potentially
occurring within the study area.

Vegetation within the study area was determined to be well represented at all levels
(statewide, bioregional [IBRA region and IBRA sub-region] and local), with greater than
99% of the pre-European extent remaining for the sole Beard (1976) vegetation
association represented within the study area. The proportion of the same vegetation
association occurring within secure (Class I-1V) reserves is 1 percent at the state level,
which is under the 15% minimum standard. However, given that the pre-European extent
of the Beard vegetation association will not be significantly reduced (i.e. it will remain well
above the 30% threshold within the bioregion), the reservation status is determined to be
of least concern for biodiversity conservation.

It was determined to be unlikely that vegetation within the study area was aligned with
any federal or state listed TECs or state listed PECs.
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5.0 STUDY TEAM

The desktop flora and vegetation survey was planned, co-ordinated and executed by the
following personnel:

Onshore Environmental Consultants P/L
ABN 41 095 837 120

PO Box 227

YALLINGUP WA 6282

M 0427 339 842

Email info@onshoreenvironmental.com.au

Project Staff

Dr Darren Brearley PhD  Project Manager and Principal Botanist
Ms Jessica Waters BSc  Senior Ecologist

Mr Todd Griffin GIS Specialist
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Conservation codes for Western Australian Flora and Fauna

Department of Biodiversity,
Conservation and Attractions

GOVERNMENT OF
WESTERN AUSTRALIA

CONSERVATION CODES

For Western Australian Flora and Fauna

Threatened, Extinct and Specially Protected fauna or flora! are species? which have been adequately searched for and
are deemed to be, in the wild, threatened, extinct or in need of special protection, and have been gazetted as such.

The Wildlife Conservation (Specially Protected Fauna) Notice 2018 and the Wildlife Conservation (Rare Flora)
Notice 2018 have been transitioned under regulations 170, 171 and 172 of the Biodiversity Conservation
Regulations 2018 to be the lists of Threatened, Extinct and Specially Protected species under Part 2 of the
Biodiversity Conservation Act 2016.

Categories of Threatened, Extinct and Specially Protected fauna and flora are:

T Threatened species

Listed by order of the Minister as Threatened in the category of critically endangered, endangered or vulnerable
under section 19(1), or is a rediscovered species to be regarded as threatened species under section 26(2) of
the Biodiversity Conservation Act 2016 (BC Act).

Threatened fauna is that subset of ‘Specially Protected Fauna' listed under schedules 1 to 3 of the Wildiife
Conservation (Specially Protected Fauna) Notice 2018 for Threatened Fauna.

Threatened flora is that subset of 'Rare Flora' listed under schedules 1 to 3 of the Wildlife Conservation (Rare
Flora) Notice 2018 for Threatened Flora.

The assessment of the conservation status of these species is based on their national extent and ranked
according to their level of threat using IUCN Red List categories and criteria as detailed below.

CR Critically endangered species

Threatened species considered to be “facing an extremely high risk of extinction in the wild in the immediate
future, as defermined in accordance with criteria set out in the ministerial guidelines’.

Listed as critically endangered under section 19(1)(a) of the BC Act in accordance with the criteria set out in
section 20 and the ministerial guidelines. Published under schedule 1 of the Wildlife Conservation (Specially
Protected Fauna) Notice 2018 for critically endangered fauna or the Wildlife Conservation (Rare Flora) Notice
2018 for critically endangered flora.

EN Endangered species

Threatened species considered to be “facing a very high risk of extinction in the wild in the near future, as
determined in accordance with criteria set out in the ministerial guidelines”.

Listed as endangered under section 19(1)(b) of the BC Act in accordance with the criteria set out in section 21
and the ministerial guidelines. Published under schedule 2 of the Wildlife Conservation (Specially Protected
Fauna) Notice 2018 for endangered fauna or the Wildlife Conservation (Rare Flora) Notice 2018 for endangered
flora.

VU Vulnerable species

Threatened species considered to be “facing a high risk of extinction in the wild in the medium-term future, as
determined in accordance with criteria set out in the ministerial guidelines”.

Listed as vulnerable under section 18(1)(c) of the BC Act in accordance with the criteria set out in section 22
and the ministerial guidelines. Published under schedule 3 of the Wiidiife Conservation (Specially Protected
Fauna) Natice 2018 for vulnerable fauna or the Wildlife Conservation (Rare Flora) Notice 2018 for vulnerable
flora.
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Conservation codes for Western Australian flora and fauna

Extinct species
Listed by order of the Minister as extinct under section 23(1) of the BC Act as extinct or extinct in the wild.

EX Extinct species

Species where “there is no reasonable doubt that the last member of the species has died’, and listing is
otherwise in accordance with the ministerial guidelines (section 24 of the BC Act)

Published as presumed extinct under schedule 4 of the Wildlife Conservation (Specially Frotected Fauna)
Notice 2018 for extinct fauna or the Wildlife Conservation (Rare Flora) Notice 2018 for extinct flora.

EW Extinct in the wild species

Species that /s known only to survive In cultivation, in captivity or as a naturalised population well outside its
past range; and it has not been recorded in its known habitat or expected habitat, at appropriate seasons,
anywhere in its past range, despite surveys over a time frame appropriate to its life cycle and form”, and listing
is otherwise in accordance with the ministerial guidelines (section 25 of the BC Act).

Currently there are no threatened fauna or threatened flora species listed as extinct in the wild. If listing of a
species as extinct in the wild occurs, then a schedule will be added to the applicable notice.

Specially protected species

Listed by order of the Minister as specially protected under section 13(1) of the BC Act. Meeting one or more
of the following categories. species of special conservation interest, migratory species, cetaceans,; species
subject to international agreement; or species otherwise in need of special protection.

Species that are listed as threatened species (critically endangered, endangered or vulnerable) or extinct
species under the BC Act cannot also be listed as Specially Protected species.

Ml Migratory species

Fauna that periodically or occasicnally visit Australia or an external Territory or the exclusive economic zone;
or the species is subject of an international agreement that relates to the protection of migratory species and
that binds the Commonwealth; and listing is otherwise in accordance with the ministerial guidelines (section 15
of the BC Act).

Includes birds that are subject to an agreement between the government of Australia and the governments of
Japan (JAMBA), China (CAMBA) and The Republic of Korea (ROKAMBA), and fauna subject to the Convention
on the Conservation of Migratory Species of Wild Animals (Bonn Cornvention), an environmental treaty under
the United Nations Environment Program. Migratory species listed under the BC Act are a subset of the
migratory animals, that are known to visit Western Australia, protected under the international agreements or
treaties, excluding species that are listed as Threatened species.

Published as migratory birds protected under an international agreement under schedule 5 of the Wildlife
Conservation (Specially Protected Fauna) Notice 2018,
cDh Species of special conservation interest (conservation dependent fauna)

Fauna of special conservation need being species dependent on ongoing conservation intervention to prevent
it becoming eligible for listing as threatened, and listing is otherwise in accordance with the ministerial guidelines
(section 14 of the BC Act).

Published as conservation dependent fauna under schedule 6 of the Wildlife Conservation (Specially Protected
Fauna) Notice 2018.

os Other specially protected species
Fauna otherwise in need of special protection to ensure their conservation, and listing is otherwise in
accordance with the ministerial guidelines (section 18 of the BC Act).

Published as other specially protected fauna under schedule 7 of the Wildlife Conservation (Specially Protected
Fauna) Notice 2018.
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Conservation codes for Western Australian flora and fauna

P Priority species

Possibly threatened species that do not meet survey criteria, or are otherwise data deficient, are adcded to the Priority
Fauna or Priority Flora Lists under Priorities 1, 2 or 3. These three categories are ranked in order of priority for survey
and evaluation of conservation status so that consideration can be given to their declaration as threatened fauna or
flora.

Species that are adequately known, are rare but not threatened, or meet criteria for near threatened, or that have been
recently removed from the threatened species or other specially protected fauna lists for other than taxonomic reasons,
are placed in Priority 4. These species require regular monitoring.

Assessment of Priority codes is based on the Western Australian distribution of the species, unless the distribution in
WA is part of a contiguous population extending into adjacent States, as defined by the known spread of locations.

i Priority 1: Poorly-known species

Species that are known from one or a few locations (generally five or less) which are potentially at risk. All
occurrences are either: very small; or on lands not managed for conservation, e.g. agricultural or pastoral lands,
urban areas, road and rail reserves, gravel reserves and active mineral leases; or otherwise under threat of
habitat destruction or degradation. Species may be included if they are comparatively well known from one or
more locations but do not meet adequacy of survey requirements and appear to be under immediate threat from
known threatening processes. Such species are in urgent need of further survey.

2 Priority 2: Poorly-known species

Species that are known from one or a few locations (generally five or less), some of which are on lands managed
primarily for nature conservation, e.g. national parks, conservation parks, nature reserves and other lands with
secure tenure being managed for conservation. Species may be included if they are comparatively well known
from one or more locations but do not meet adequacy of survey requirements and appear to be under threat
from known threatening processes. Such species are in urgent need of further survey.

3 Priority 3: Poorly-known species

Species that are known from several locations, and the species does not appear to be under imminent threat,
or from few but widespread locations with either large population size or significant remaining areas of
apparently suitable habitat, much of it not under imminent threat. Species may be included if they are
comparatively well known from several locations but do not meet adequacy of survey requirements and known
threatening processes exist that could affect them. Such species are in need of further survey.

4 Priority 4: Rare, Near Threatened and other species in need of monitoring

(a) Rare. Species that are considered to have been adequately surveyed, or for which sufficient knowledge is
available, and that are considered not currently threatened or in need of special protection but could be if present
circumstances change. These species are usually represented on conservation lands.

(b) Near Threatened. Species that are considered to have been adequately surveyed and that are close to
qualifying for vulnerable but are not listed as Conservation Dependent.

(c) Species that have been removed from the list of threatened species during the past five years for reasons
other than taxonomy.

1The definition of flora includes algae, fungi and lichens
2Species includes all taxa (plural of taxon - a classificatory group of any taxonomic rank, e.g. a family, genus, species
or any infraspecific category i.e. subspecies or variety, or a distinct population).

Last updated 3 January 2019
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Conservation categories for flora described under the EPBC Act

Category

Description

Extinct (EX)

A species is extinct if there is no reasonable doubt that the last member of
the species has died.

Extinct in the Wild
(EW)

A species is categorised as extinct in the wild if it is only known to survive in
cultivations, in captivity, or as a naturalised population well outside its past
range; or if it has not been recorded in its known/expected habitat, at
appropriate seasons, anywhere in its past range, despite exhaustive surveys
over a time frame appropriate to its life cycle and form.

Critically Endangered
(CE)

The species is facing an extremely high risk of extinction in the wild and in
the immediate future.

Endangered (EN)

The species is likely to become extinct unless the circumstances and factors
threatening its abundance, survival, or evolutionary development cease to
operate; or its numbers have been reduced to such a critical level, or its
habitats have been so drastically reduced, that it is in immediate danger of
extinction.

Vulnerable (VU)

Within the next 25 years, the species is likely to become endangered unless
the circumstances and factors threatening its abundance, survival or
evolutionary development cease to operate.

Conservation
Dependent (CD)

The species is the focus of a specific conservation program, the cessation of
which would result in the species becoming vulnerable, endangered or
critically endangered within a period of 5 years.
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Conservation categories for species described under the IUCN

Category Description

Extinct (EX) A taxon is Extinct when there is no reasonable doubt that the last
individual has died. A taxon is presumed Extinct when exhaustive surveys
in known and/or expected habitat, at appropriate times (diurnal, seasonal,
annual), throughout its historic range have failed to record an individual.
Surveys should be over a time frame appropriate to the taxon's life cycle

and life form.
Extinct in the Wild A taxon is Extinct in the Wild when it is known only to survive in cultivation,
(EW) in captivity or as a naturalized population (or populations) well outside the

past range. A taxon is presumed Extinct in the Wild when exhaustive
surveys in known and/or expected habitat, at appropriate times (diurnal,
seasonal, annual), throughout its historic range have failed to record an
individual. Surveys should be over a time frame appropriate to the taxon's
life cycle and life form.

Critically Endangered | A taxon is Critically Endangered when the best available evidence

(CE) indicates that it meets any of the criteria A to E for Critically Endangered,
and it is therefore considered to be facing an extremely high risk of
extinction in the wild.

Endangered (EN) A taxon is Endangered when the best available evidence indicates that it
meets any of the criteria A to E for Endangered, and it is therefore
considered to be facing a very high risk of extinction in the wild.

Vulnerable (VU) A taxon is Vulnerable when the best available evidence indicates that it
meets any of the criteria A to E for Vulnerable, and it is therefore
considered to be facing a high risk of extinction in the wild.

Near Threatened (NT) | A taxon is Near Threatened when it has been evaluated against the
criteria but does not qualify for Critically Endangered, Endangered or
Vulnerable now, but is close to qualifying for or is likely to qualify for a
threatened category in the near future.

Data Deficient (DD) A taxon is Data Deficient when there is inadequate information to make a
direct, or indirect, assessment of its risk of extinction based on its
distribution and/or population status. A taxon in this category may be well
studied, and its biology well known, but appropriate data on abundance
and/or distribution are lacking. Data Deficient is therefore not a category of
threat. Listing of taxa in this category indicates that more information is
required and acknowledges the possibility that future research will show
that threatened classification is appropriate. It is important to make positive
use of whatever data are available. In many cases great care should be
exercised in choosing between DD and a threatened status. If the range of
a taxon is suspected to be relatively circumscribed, and a considerable
period of time has elapsed since the last record of the taxon, threatened
status may well be justified.
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DEFINITIONS AND CRITERIA FOR THREATENED 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 orii): 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; 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;
i) 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).
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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 a category of higher threat in the
near future if threatening processes continue or begin operating throughout its range.

An ecological community will be listed as Vulnerable when it has been adequately surveyed and is not
Critically Endangered or Endangered but is facing a high risk of total destruction or significant
modification in the medium (within approximately 50 years) to long-term 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 ecological community exists largely as modified occurrences that are likely to be capable of
being substantially restored or rehabilitated.

B) The ecological community may already be modified and would be vulnerable to threatening
processes, is restricted in area and/or range and/or is only found at a few locations.

C) The ecological community may be still widespread but is believed likely to move into a category of
higher threat in the medium to long-term future because of existing or impending threatening
processes.

Priority One: Poorly-known ecological communities:

Ecological communities that are known from very few occurrences with a very restricted distribution
(generally <5 occurrences or a total area of < 100ha). Occurrences are believed to be under threat
either due to limited extent, or being on lands under immediate threat (e.g. within agricultural or pastoral
lands, urban areas, active mineral leases) or for which current threats exist. May include communities
with occurrences on protected lands. Communities may be included if they are comparatively well-
known from one or more localities but do not meet adequacy of survey requirements, and/or are not
well defined, and appear to be under immediate threat from known threatening processes across their
range.

Priority Two: Poorly-known ecological communities

Communities that are known from few occurrences with a restricted distribution (generally <10
occurrences or a total area of <200ha). At least some occurrences are not believed to be under
immediate threat of destruction or degradation. Communities may be included if they are comparatively
well known from one or more localities but do not meet adequacy of survey requirements, and/or are
not well defined, and appear to be under threat from known threatening processes.

Priority Three: Poorly known ecological communities

(i) Communities that are known from several to many occurrences, a significant number or area of
which are not under threat of habitat destruction or degradation or:

(i) communities known from a few widespread occurrences, which are either large or with significant
remaining areas of habitat in which other occurrences may occur, much of it not under imminent threat,
or;

(iii) communities made up of large, and/or widespread occurrences, that may or may not be

represented in the reserve system, but are under threat of modification across much of their range from
processes such as grazing by domestic and/or feral stock, and inappropriate fire regimes.

Communities may be included if they are comparatively well known from several localities but do not
meet adequacy of survey requirements and/or are not well defined, and known threatening processes
exist that could affect them.

Priority Four: Ecological communities that are adequately known, rare but not threatened or
meet criteria for Near Threatened, or that have been recently removed from the threatened list.
These communities require regular monitoring.

(i) Rare. Ecological communities known from few occurrences that are considered to have been
adequately surveyed, or for which sufficient knowledge is available, and that are considered not
currently threatened or in need of special protection, but could be if present circumstances change.
These communities are usually represented on conservation lands.

(ii) Near Threatened. Ecological communities that are considered to have been adequately surveyed
and that do not qualify for Conservation Dependent, but that are close to qualifying for Vulnerable.

(iii) Ecological communities that have been removed from the list of threatened communities during the
past five years.

Priority Five: Conservation Dependent ecological communities

Ecological communities that are not threatened but are subject to a specific conservation program, the
cessation of which would result in the community becoming threatened within five years.
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APPENDIX 2

Total flora list from the study area
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Family Genus Species Infra Rank Infra Name Cons. Code ‘
Aizoaceae Gunniopsis propinqua

Aizoaceae Gunniopsis rodwayi

Aizoaceae Tetragonia eremaea

Amaranthaceae Ptilotus aervoides

Amaranthaceae Ptilotus chamaecladus

Amaranthaceae Ptilotus exaltatus

Amaranthaceae Ptilotus gaudichaudii

Amaranthaceae Ptilotus helipteroides

Amaranthaceae Ptilotus obovatus var. obovatus
Amaranthaceae Ptilotus polystachyus

Amaranthaceae Ptilotus roei

Amaranthaceae Ptilotus rotundifolius

Amaranthaceae Ptilotus schwartzii

Araliaceae Trachymene cyanopetala

Araliaceae Trachymene ornata

Asparagaceae Thysanotus sp. Eremaean (S. van Leeuwen 1067)
Asphodelaceae *Asphodelus fistulosus

Asteraceae Actinobole oldfieldianum

Asteraceae Brachyscome ciliaris

Asteraceae Calocephalus multiflorus

Asteraceae Calotis hispidula

Asteraceae Calotis multicaulis

Asteraceae Cephalipterum drummondii

Asteraceae Chrysocephalum eremaeum

Asteraceae Chthonocephalus pseudevax

Asteraceae Chthonocephalus Viscosus

Asteraceae Cratystylis subspinescens

Asteraceae Erodiophyllum acanthocephalum

Asteraceae Erymophyllum ramosum subsp. ramosum
Asteraceae Helipterum craspedioides

Asteraceae Isoetopsis graminifolia

Asteraceae Leiocarpa semicalva subsp. semicalva
Asteraceae Lemooria burkittii

Asteraceae Leucochrysum stipitatum

Asteraceae Minuria cunninghamii

Asteraceae Minuria gardneri

Asteraceae Minuria integerrima

Asteraceae Minuria leptophylla

Asteraceae Myriocephalus guerinae

Asteraceae Olearia humilis

Asteraceae Olearia stuartii
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Asteraceae Pluchea dentex

Asteraceae Podolepis aristata subsp. affinis
Asteraceae Podolepis capillaris

Asteraceae Podolepis kendallii

Asteraceae Podotheca gnaphalioides

Asteraceae Pogonolepis stricta

Asteraceae Quingueremulus linearis

Asteraceae Rhodanthe chlorocephala subsp. splendida
Asteraceae Rhodanthe citrina

Asteraceae Rhodanthe floribunda

Asteraceae Rhodanthe humboldtiana

Asteraceae Rhodanthe maryonii

Asteraceae Rhodanthe polakii

Asteraceae Rhodanthe sterilescens

Asteraceae Schoenia ayersii

Asteraceae Senecio glossanthus

Asteraceae Senecio gregorii

Asteraceae Senecio magnificus

Asteraceae Trichanthodium skirrophorum

Asteraceae Waitzia acuminata

Aytoniaceae Asterella drummondii

Boraginaceae Halgania cyanea

Boraginaceae Heliotropium inexplicitum

Boraginaceae Trichodesma zeylanicum

Brassicaceae Carrichtera annua

Brassicaceae Lepidium oxytrichum

Brassicaceae Lepidium phleobopetalum

Brassicaceae Menkea australis

Brassicaceae Menkea sphaerocarpa

Brassicaceae Stenopetalum filifolium

Casuarinaceae Casuarina obesa

Casuarinaceae Casuarina pauper

Celastraceae Stackhousia megaloptera

Celastraceae Stackhousia muricata subsp. annual (W.R. Barker 2172)
Chenopodiaceae Atriplex acutibractea subsp. acutibractea
Chenopodiaceae Atriplex bunburyana

Chenopodiaceae Atriplex codonocarpa

Chenopodiaceae Atriplex holocarpa

Chenopodiaceae Atriplex spongiosa

Chenopodiaceae Atriplex stipitata

Chenopodiaceae Atriplex vesicaria
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Chenopodiaceae Dissocarpus paradoxus

Chenopodiaceae Dysphania cristata

Chenopodiaceae Dysphania kalpari

Chenopodiaceae Dysphania melanocarpa forma. melanocarpa
Chenopodiaceae Dysphania melanocarpa

Chenopodiaceae Dysphania saxatilis

Chenopodiaceae Enchylaena tomentosa var. tomentosa
Chenopodiaceae Eremophea spinosa

Chenopodiaceae Eriochiton sclerolaenoides

Chenopodiaceae Maireana amoena

Chenopodiaceae Maireana carnosa

Chenopodiaceae Maireana convexa

Chenopodiaceae Maireana georgei

Chenopodiaceae Maireana glomerifolia

Chenopodiaceae Maireana pentatropis

Chenopodiaceae Maireana pyramidata

Chenopodiaceae Maireana thesioides

Chenopodiaceae Maireana trichoptera

Chenopodiaceae Maireana triptera

Chenopodiaceae Rhagodia drummondii

Chenopodiaceae Rhagodia preissii

Chenopodiaceae Salsola australis

Chenopodiaceae Sclerolaena cuneata

Chenopodiaceae Sclerolaena densiflora

Chenopodiaceae Sclerolaena deserticola

Chenopodiaceae Sclerolaena diacantha

Chenopodiaceae Sclerolaena eriacantha

Chenopodiaceae Sclerolaena eurotioides

Chenopodiaceae Sclerolaena fimbriolata

Chenopodiaceae Sclerolaena obliquicuspis

Chenopodiaceae Tecticornia indica subsp. bidens
Chenopodiaceae Tecticornia laevigata

Chenopodiaceae Tecticornia undulata

Chenopodiaceae Tecticornia sp. ?5ezn)nys Crossing (K.A. Shepherd & J. English KS
Colchicaceae Wurmbea deserticola

Convolvulaceae Convolvulus clementii

Convolvulaceae Duperreya commixta

Crassulaceae Crassula colorata var. acuminata
Cucurbitaceae *Citrullus colocynthis

Cupressaceae Callitris columellaris
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Cyperaceae Cyperus gymnocaulos

Cyperaceae Fimbristylis dichotoma

Euphorbiaceae Bertya dimerostigma

Euphorbiaceae Euphorbia drummondii

Euphorbiaceae Euphorbia porcata

Fabaceae Acacia aneura

Fabaceae Acacia aptaneura

Fabaceae Acacia balsamea

Fabaceae Acacia burkittii

Fabaceae Acacia caesaneura

Fabaceae Acacia craspedocarpa

Fabaceae Acacia doreta

Fabaceae Acacia effusifolia

Fabaceae Acacia grasbyi

Fabaceae Acacia heteroneura var. prolixa
Fabaceae Acacia incurvaneura

Fabaceae Acacia jamesiana

Fabaceae Acacia kempeana

Fabaceae Acacia mulganeura

Fabaceae Acacia murrayana

Fabaceae Acacia nyssophylla

Fabaceae Acacia oswaldii

Fabaceae Acacia pteraneura

Fabaceae Acacia quadrimarginea

Fabaceae Acacia ramulosa var. linophylla
Fabaceae Acacia ramulosa

Fabaceae Acacia sibina

Fabaceae Acacia tetragonophylla

Fabaceae Acacia thoma

Fabaceae Acacia victoriae

Fabaceae Glycine canescens

Fabaceae Indigofera georgei

Fabaceae Kennedia prorepens

Fabaceae Leptosema chambersii

Fabaceae Mirbelia ferricola P3
Fabaceae Mirbelia rhagodioides

Fabaceae Senna artemisioides subsp. X artemisioides
Fabaceae Senna artemisioides subsp. X sturtii
Fabaceae Senna artemisioides

Fabaceae Senna charlesiana

Fabaceae Senna glutinosa subsp. chatelainiana
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Fabaceae Senna manicula

Fabaceae Swainsona beasleyana

Fabaceae Swainsona halophila

Fabaceae Swainsona incei

Fabaceae Swainsona kingii

Fabaceae Swainsona leeana

Fabaceae Swainsona oroboides

Fabaceae Swainsona paradoxa

Fabaceae Swainsona purpurea

Fabaceae Swainsona tenuis

Fabaceae Trigonella suavissima

Geraniaceae *Erodium aureum

Geraniaceae Erodium crinitum

Geraniaceae Erodium cygnhorum

Goodeniaceae Dampiera dentata

Goodeniaceae Goodenia maideniana

Goodeniaceae Goodenia mimuloides

Goodeniaceae Goodenia modesta P3
Goodeniaceae Goodenia mueckeana

Goodeniaceae Goodenia peacockiana

Goodeniaceae Goodenia xanthosperma

Goodeniaceae Scaevola parvifolia subsp. acuminata
Goodeniaceae Scaevola spinescens

Goodeniaceae Velleia cycnopotamica

Goodeniaceae Velleia glabrata

Goodeniaceae Velleia rosea

Haloragaceae Glischrocaryon aureum

Haloragaceae Haloragis odontocarpa forma pterocarpa
Haloragaceae Haloragis trigonocarpa

Juncaceae Juncus aridicola

Lamiaceae Dicrastylis brunnea

Lamiaceae Dicrastylis flexuosa

Lamiaceae Dicrastylis sessilifolia

Lamiaceae Hemigenia exilis P3
Lamiaceae *Mentha pulegium

Lamiaceae Newcastelia hexarrhena

Lamiaceae Prostanthera albiflora

Lamiaceae Prostanthera althoferi subsp. althoferi
Lamiaceae Teucrium teucriiflorum

Loranthaceae Amyema microphylla

Loranthaceae Lysiana murrayi
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Malvaceae Alyogyne pinoniana

Malvaceae Androcalva loxophylla

Malvaceae Androcalva luteiflora

Malvaceae Hannafordia bissillii subsp. bissillii

Malvaceae Lawrencia densiflora

Malvaceae Lawrencia helmsii

Malvaceae Seringia elliptica

Malvaceae Seringia velutina

Malvaceae Sida ectogama

Malvaceae Sida sp. Excedentifolia (J.L. Egan 1925)

Montiaceae Calandrinia eremaea

Montiaceae Calandrinia papillata

Montiaceae Calandrinia polyandra

Myrtaceae Baeckea sp. Sandstone (C.A. Gardner s.n. 26 Oct. 1963) P3
Myrtaceae Calytrix carinata

Myrtaceae Calytrix desolata

Myrtaceae Calytrix erosipetala

Myrtaceae Calytrix uncinata

Myrtaceae Calytrix warburtonensis P2
Myrtaceae Enekbatus eremaeus

Myrtaceae Eucalyptus camaldulensis subsp. obtusa

Myrtaceae Eucalyptus carnei

Myrtaceae Eucalyptus clelandiorum

Myrtaceae Eucalyptus eremicola subsp. peeneri

Myrtaceae Eucalyptus eremicola

Myrtaceae Eucalyptus gongylocarpa

Myrtaceae Eucalyptus gypsophila

Myrtaceae Eucalyptus kingsmillii

Myrtaceae Eucalyptus longicornis

Myrtaceae Eucalyptus lucasii

Myrtaceae Eucalyptus oldfieldii

Myrtaceae Eucalyptus striaticalyx

Myrtaceae Eucalyptus trivalva

Myrtaceae Homalocalyx echinulatus P3
Myrtaceae Homalocalyx thryptomenoides

Myrtaceae Hysterobaeckea occlusa

Myrtaceae Melaleuca interioris

Myrtaceae Melaleuca xerophila

Myrtaceae Micromyrtus flaviflora

Myrtaceae Thryptomene nealensis P3
Myrtaceae Thryptomene sp. Leinster (B.J. Lepschi & L.A. Craven 4362) P3
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Myrtaceae Verticordia jamiesonii P3
Nyctaginaceae Boerhavia repleta

Oleaceae Jasminum calcareum

Ophioglossaceae Ophioglossum lusitanicum

Phyllanthaceae Phyllanthus baeckeoides P3
Phyllanthaceae Poranthera leiosperma

Pittosporaceae Pittosporum angustifolium

Poaceae Aristida contorta

Poaceae Aristida obscura

Poaceae Austrostipa eremophila

Poaceae Austrostipa nitida

Poaceae Austrostipa trichophylla

Poaceae Cenchrus cilliaris

Poaceae Dactyloctenium radulans

Poaceae *Digitaria ciliaris

Poaceae Enneapogon caerulescens

Poaceae Enneapogon polyphyllus

Poaceae Eragrostis dielsii

Poaceae Eragrostis eriopoda

Poaceae Eragrostis parviflora

Poaceae Eragrostis pergracilis

Poaceae Eragrostis sp. Yeelirrie Calcrete (S. Regan LCH 26770)
Poaceae Eriachne flaccida

Poaceae Eriachne helmsii

Poaceae Monachather paradoxus

Poaceae Panicum decompositum

Poaceae Panicum effusum

Poaceae Paractaenum novae-hollandiae

Poaceae Paspalidium basicladum

Poaceae Paspalidium clementii

Poaceae Paspalidium constrictum

Poaceae Perotis rara

Poaceae *Setaria verticillata

Poaceae Themeda triandra

Poaceae Tragus australianus

Poaceae Tripogonella loliiformis

Polygalaceae Polygala isingii

Polygonaceae *Rumex hypogaeus

Portulacaceae Portulaca oleracea

Proteaceae Grevillea deflexa

Proteaceae Grevillea inconspicua P4
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Proteaceae Grevillea sarissa subsp. bicolor
Proteaceae Grevillea sarissa subsp. sarissa
Proteaceae Hakea leucoptera subsp. sericipes
Proteaceae Hakea minyma

Proteaceae Hakea recurva subsp. recurva
Pteridaceae Cheilanthes lasiophylla

Rubiaceae Psydrax rigidula

Rutaceae Philotheca brucei subsp. brucei
Rutaceae Philotheca tomentella

Santalaceae Exocarpos aphyllus

Santalaceae Korthalsella leucothrix P1
Santalaceae Santalum lanceolatum

Santalaceae Santalum spicatum

Sapindaceae Dodonaea adenophora

Sapindaceae Dodonaea microzyga var. acrolobata
Sapindaceae Dodonaea petiolaris

Sapindaceae Dodonaea rigida

Sapindaceae Dodonaea viscosa subsp. angustissima
Sapindaceae Dodonaea viscosa subsp. mucronata
Sapindaceae Dodonaea viscosa subsp. spatulata
Scrophulariaceae Eremophila alternifolia

Scrophulariaceae Eremophila arachnoides subsp. arachnoides P3
Scrophulariaceae Eremophila clarkei

Scrophulariaceae Eremophila conglomerata

Scrophulariaceae Eremophila exilifolia

Scrophulariaceae Eremophila falcata

Scrophulariaceae Eremophila foliosissima

Scrophulariaceae Eremophila forrestii subsp. forrestii
Scrophulariaceae Eremophila galeata

Scrophulariaceae Eremophila georgei

Scrophulariaceae Eremophila gilesii subsp. variabilis
Scrophulariaceae Eremophila granitica

Scrophulariaceae Eremophila homoplastica

Scrophulariaceae Eremophila hygrophana

Scrophulariaceae Eremophila latrobei subsp. glabra
Scrophulariaceae Eremophila longifolia

Scrophulariaceae Eremophila maculata subsp. brevifolia
Scrophulariaceae Eremophila malacoides

Scrophulariaceae Eremophila margarethae

Scrophulariaceae Eremophila metallicorum

Scrophulariaceae Eremophila oldfieldii subsp. angustifolia
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Scrophulariaceae Eremophila oppositifolia subsp. angustifolia
Scrophulariaceae Eremophila pantonii

Scrophulariaceae Eremophila platycalyx subsp. Granites (D.J. Edinger & G. Marsh DJE 4782)
Scrophulariaceae Eremophila platycalyx subsp. Leonora (J. Morrisey 252)
Scrophulariaceae Eremophila platythamnos subsp. platythamnos
Scrophulariaceae Eremophila pungens P4
Scrophulariaceae Eremophila ramiflora

Scrophulariaceae Eremophila serrulata

Scrophulariaceae Eremophila shonae subsp. shonae

Scrophulariaceae Eremophila Sp.

Scrophulariaceae Eremophila spectabilis subsp. brevis

Scrophulariaceae Eremophila spuria

Scrophulariaceae Eremophila subfloccosa subsp. lanata

Solanaceae Duboisia hopwoodii

Solanaceae Lycium australe

Solanaceae Nicotiana rosulata subsp. rosulata

Solanaceae Solanum chrysotrichum

Solanaceae Solanum cleistogamum

Solanaceae Solanum lasiophyllum

Solanaceae *Solanum nigrum

Solanaceae Solanum nummularium

Solanaceae Solanum plicatile

Stylidiaceae Stylidium induratum

Thymelaeaceae Pimelea microcephala subsp. microcephala
Thymelaeaceae Pimelea microcephala

Thymelaeaceae Pimelea subvillifera

Thymelaeaceae Pimelea trichostachya

Zygophyllaceae Roepera aurantiaca

Zygophyllaceae Tribulus astrocarpus

Zygophyllaceae Tribulus occidentalis

Zygophyllaceae *Tribulus terrestris
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1. SUMMARY

Goldfields Landcare Services (GLS) was contracted by MLG Oz Limited in July to
conduct a detailed flora and vegetation survey over an area covering 71.9 Hectares at
their Jonah Bore Project located approximately 25 kilometres west of Leinster to
comply with requirements in seeking approvals for near surface sand mining
operations.

This was the second survey conducted by GLS on this project, a reconnaissance
survey having been carried out in September 2006.

Two Botanists carried out the fieldwork on 04.09.21 and 05.09.21. It consisted of
quadrat surveys, traverses, and opportunistic sampling conducted within and around
the survey area.

Four quadrat surveys were conducted to characterise the vegetation of the survey
area and that of the surrounding region.

Two vegetation types were recorded and described within the survey area.

Seventy-six vascular plant species have been recorded from within the survey area.
The most prevalent families recorded were Fabaceae and Scrophulariaceae.

No plant species gazetted as “Threatened” pursuant to Part 2 of the Biodiversity
Conservation Act 2016 Western Australia (W A) and no plant species listed as
“Critically Endangered” under the Environment Protection and Biodiversity
Conservation Act 1999 (EPBC Act, Commonwealth) were recorded within the
surveyed areas.

No plant species of conservation significance listed under State or Commonwealth
acts have been recorded within the survey area.

No Threatened Ecological Communities (TECs) listed under the Biodiversity
Conservation Act or EPBC Act or Priority Ecological Communities (PECs) listed by
the Department of Biodiversity Conservation and Attractions (DBCA) were
encountered during the survey.

No weed species listed as Declared under the Biosecurity and Agriculture
Management Act (2007) were recorded within the survey area.

No plant listed as a Weed of National Significance (WoNS) under the EPBC Act was
encountered in the survey area.

No non-native introduced species were recorded within the survey areas.

The condition of the vegetation was classified as “Good” based on the Vegetation
Condition Scale adapted from Keighery 1994 and Trudgen 1988. (Environmental

Protection Authority 2016, p.10)
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2.

INTRODUCTION

2.1 Location

Situated on the land of the traditional owners, the Tjiwarl people, the mining
town of Leinster is located in the North-eastern Goldfields of Western Australia
approximately 326 kilometres north-north-west of Kalgoorlie and 650 kilometres
north-east of Perth.

The area over which this survey was conducted is on Leinster Downs Pastoral
Station and is situated 1.7 kilometres north of the Sandstone-Agnew Road, 25
kilometres west of Leinster. Access to the survey area can be gained from the
main road via an existing haul road. (Map 1 below). The survey area covered

approximately 48% of the Mining Lease M 36/657.

The region has a long history of mining dating back to 1897 and continuing today
with mines currently opening and expanding in the area. Pastoral development
began on Leinster Downs in 19009.

The pre-European vegetation mapped by Beard et al (2013) shows the vegetation
type, within which most of this survey area lies, to have been Shrub Steppe
hummock grassland which is the second most extensive vegetation type in the
State covering a total area of 25.3 million hectares with 3.2 million of that in the
Murchison Bioregion. (Beard 2013, p.14)



: Location Map
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2.2 Objective

Goldfields Landcare Services was contracted by MLG Oz Limited to conduct a Detailed Flora
and Vegetation Survey over 71.9 Hectares on their Mining Lease M 36/657, to comply with
requirements in seeking approvals to expand an existing sand mining operation.

The objective of this survey was to assess potential impacts to flora and vegetation in
accordance with the Environmental Protection Authority (EPA) Technical Guidance, Flora and
Vegetation Surveys for Environmental Impact Assessment, December 2016.

This Spring survey was planned to capture any ephemeral plant species not previously recorded,
and to conduct quadrat surveys to confirm vegetation type classifications and to refine
vegetation type boundaries.

2.3 Survey Categories
Reconnaissance Survey

“A reconnaissance survey is undertaken to verify the information obtained from the desktop
study, characterise the flora and delineate the vegetation units present. In some instances, a
reconnaissance survey is necessary to determine the type of survey required. A reconnaissance
survey generally involves a site visit by an experienced botanist to undertake low intensity
sampling of the flora and vegetation, to describe the general vegetation characteristics and
condition at an appropriate scale. The reconnaissance survey should clarify whether the area
may support any significant flora or vegetation. If significant flora or vegetation is located or
considered likely to be present during a reconnaissance survey, a targeted or detailed survey
may be required.” (EPA 2016, p. 5)

Targeted Survey

“A targeted survey is used to gather information on significant flora and/or vegetation. A
targeted survey aims to determine the size and extent of all significant flora populations or
vegetation in the survey area and to place any impacts into context” (EPA 2016, p. 5)

Detailed Survey

“A detailed survey is necessary for significant proposals to adequately address the EPA’s
objective for Flora and Vegetation, as a preliminary or key environmental factor of
assessment.” (EPA 2016, p.5)



2.4 Background Research

The purpose is to gather background information on the target area (usually at the locality scale).
This involves a search of available sources of literature, data, and map-based information.

In the WA Department of Agriculture’s Technical Bulletin, No 87 An inventory and condition
survey of the north-eastern Goldfields, Western Australia, authors H. Pringle et.al. 1994 describe
land systems according to their topography, soils and vegetation, reference to which, has
provided the basis for the identification of the vegetation types described in this survey.

Other relevant survey reports reviewed were:

e The Western Australian Museum’s (1992) Biological Survey of The Eastern Goldfields
of Western Australia & Supplements covering the Sandstone-Sir Samuel and Laverton-
Leonora study areas.

e Goldfields Landcare Services (2006) Rare Flora Search and Vegetation Survey for
Leahy Haulage P.L. at Agnew.

Stantec.(2018) “Flora and Fauna Survey: Agnew Gold Mine Camp, Power Plant, Airport,
Wind Farm and Pipeline.” Prepared for Goldfields Australia Pty Ltd, 21 June 2018.
2.4.1 Rare and Priority Flora Searches

In WA, under the Biodiversity Conservation Act 2016 WA, all plants are protected. Some,
which are under threat of extinction, are classified as Threatened Species. Others which are
either under consideration to be declared as Threatened Species or still require monitoring are
classified as Priority Flora species. The definitions of the five different classifications of
Priority Species and that of Threatened Species and Presumed Extinct Species are shown in
Appendix D.

A database search for Rare and Priority Flora potentially occurring within 50 kilometres of
the centre of the survey area was carried out by the WA Department of Biodiversity
Conservation and Attractions (DBCA) on 29.09.21, (Ref. No. 12-0921FL).

The search results were cross-checked against the results of a search of the Environment
Protection and Biodiversity Conservation Act 1999 (EPBC Act) list of Threatened Flora.

One species listed as Critically Endangered, and one species listed as Endangered on the
EPBC list also occurred on the DBCA list.

A Protected Matters Report was generated from the Department of Environment and
Energy’s online search facility on 01.11.2021. The report provides general guidance on
matters of national environmental significance and other matters protected by the
Environment Protection and Biodiversity Conservation Act. The search area was located
approximately at the centre of the survey area with a 50-kilometre buffer. No plant species
was listed as Threatened within the search area.



There are 16 species classified as Threatened or Priority species were recorded from the
DBCA searches.

The W.A. Department of Parks and Wildlife Threatened and Priority Flora Database (TPFL)
contained six species, the West Australia Herbarium Database (WAHerb) contained 15,
however, some species occurred in both searches.

A DPaW NatureMap Species Report was created 26.08.21 covering an area with a 40-km
radius from the survey area which revealed 11 priority plant species occurring within it

The results indicate a total of 16 species of conservation significance from four searches,
potentially occurring in the area.

e One species were listed as Threatened (Rare)
e Two plant species were listed as Priority 1
e One plant species was listed as Priority 2

¢ Nine plant species were listed as Priority 3
e Three plant species were listed as Priority 4 (See Appendix A)

2.4.2 Threatened and Priority Ecological Communities Searches

Listed threatened species and ecological communities are recognized as a matter of national
environmental significance. Consequently, any action that is likely to have a significant
impact on listed threatened species and ecological communities under the EPBC Act must be
referred to the Minister. The different categories of threatened species and threatened
ecological communities and their respective definitions are shown in Appendices D2 and D3.

The Australian Government Department of Environment and Energy’s List of Threatened
Ecological Communities (TEC) viewed online, shows that the TEC nearest the survey area is
at Toolibin Lake, east of Narrogin and is over 600 kilometres south-west of the survey area.

A database search was conducted by the DBCA of Threatened Ecological Communities

(TEC’s) and Priority Ecological Communities (PEC’s) endorsed by the minister for the
environment on 09.09 21 (Ref: 49-0821EC)

This search revealed that the nearest TEC to this survey area is the Depot Springs stygofauna
complex which is located approximately 30.5 kilometres west of the survey area.

The nearest PEC to this survey area is the Lake Miranda west calcrete groundwater
assemblage type on Carey paleodrainage on Yakabindie Station located approximately 16.6
kilometres north of the survey area.

Table 1. TEC and PECs nearest the survey area

Ecological Community Status

Depot Springs stygofauna community (TEC) | Vulnerable (B)
Lake Miranda west groundwater assemblage | P1

on Carey paleodrainage. (PEC)




Map 2: TEC PEC Search Results
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2.4.3 Climate

Beard described the climate of the Murchison Region (Austin Botanical District) in Plant Life
of Western Australia, within which the survey area lies as: “Arid with summer and winter
rain; annual precipitation 200 mm”. (Beard 1990, p. 186)

The nearest Bureau of Meteorology weather station for which temperature data is available is
located at Leinster Aero (No. 12314), approximately 25 kilometres north-east of the survey
area.

Records from that station for the 27 years from 1994 to 2021 show that the mean annual
maximum temperature was 28.3° C, and the mean annual minimum temperature was 14.8° C.

Rainfall readings from 1926 to 2015 (89 years) from The BOM site at Pinnacles, ( No
12067), located 28 kilometres south of the survey area, show that the mean annual rainfall is
235.5 mm with approximately 68% of that normally falling from January to June.

The rainfall readings from Leinster Aero for the past 25 years, however, show that the mean
annual figure is 253 mm and that 64 % of that falls between December and April as show on
the graph below. (Bureau of Meteorology 2021).

Rainfall recorded for the six months (March-August) preceding the survey totalled 87.2 mm
which was 77% of the mean of the last 27 years rainfall for the same period, which was 113.4
mm.
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Figure 1: Leinster Aero Mean Rainfall Graph
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2.4.4 Land Systems

The surveyed areas lie within the Eastern Murchison (MUR 01) sub-region of the
Murchison (MUR) region as classified under the Interim Biogeographic
Regionalisation of Australia (IBRA) Version 7 which states:

“Under the Convention of Biological Diversity, Australia has worked towards
a target of 17 per cent of our continent to be protected as part of the National
Reserve System. In building the National Reserve System, priority is given to
under-represented bioregions that have less than 10 per cent of their remaining
area protected in reserves.” (Department of Environment and Energy (DEE)
2021).

The Murchison Bioregion is classed as Underrepresented with less than 1%
protected in reserves. It is described as:

“Mulga low woodlands, often rich in ephemerals, on outcrop and fine-textured
Quaternary alluvial and eluvial surfaces mantling granitic and greenstone strata
of the northern part of the Yilgarn Craton. Surfaces associated with the
occluded drainage occur throughout with hummock grasslands on Quaternary
sandplains, saltbush shrublands on calcareous soils and Halosarcia low
shrublands on saline alluvia. Areas of red sandplains with mallee-mulga
parkland over hummock grasslands occur in the east.” (Thackway and
Cresswell 1995, p. 68)

In Plant Life of Western Australia, Dr. John Beard described and mapped the
vegetation in the Austin Botanical District, now recognised as The Murchison
Region which covers 316,239 square kilometres. He characterised the vegetation
as “Predominantly mulga low woodland (Acacia aneura ) on plains, reduced to
scrub on hills. Tree steppe of Eucalyptus spp. and Triodia basedowii on sand
plains.” Referring to the Eastern half of the region he wrote that it has “catenas
comprising sandplains on the higher ground, loam soils on the slopes and plains,
and salt lakes in the valley bottoms. In some case there are “ low level

sandplains” in the valleys formed of sand transported from the upper parts of the
landscape.” (Beard 1990, p. 187)

The Western Australian Museum’s (WAM) Biological Survey of The Eastern
Goldfields of Western Australia Supplements covering the Sandstone-Sir Samuel
and Laverton-Leonora study areas describes the various Landforms in the region.
This survey lies within the Sandstone-Sir Samuel study area. Only one of these
Landforms can be identified from satellite imagery interpretation within this
current survey area, Dunefields, which are described below:

“Dunefields are associated with two landforms within both Study Areas:
Sandplains and Salt Lake Features. Dunefields associated with Sandplains
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shared few structural or vegetational links to salt lake dunes. Vegetation on
sandplain dunefields varied with the height and structure of the dune system.
Broad, low dunes had a cover of tall Eucalyptus gongylocarpa over Triodia
basedowii while narrow, abrupt dunes had a lower vegetation, sometimes with
discernible zonation from crest to swale. Low Woodlands of Eucalyptus
gongylocarpa dominated the-surrounding sandplains, the dune slopes
supported mallees of Eucalyptus kingsmillii and E. youngiana while the dune
crests and upper slopes were characterised by tall shrublands of Grevillea spp.
The hummock grass Triodia basedowii, prominent on the slopes and swales,
was replaced by Plectrachne schinzii on the dune crests and upper slopes. The
ephemeral flora was essentially the same on dunes and surrounding sandplain
areas.” (WAM, pp. 27-28)

In the WA Department of Agriculture’s Technical Bulletin, No. 87 An inventory
and condition survey of the north-eastern Goldfields, Western Australia, authors
H. Pringle et.al.(Technical Bulletin No. 87) describe land systems according to
their topography, soils and vegetation. The 1: 250 000 scale map of the land
systems accompanying the report shows the areas surveyed for this project lie
entirely within the Bullimore Land System which is described as: “Extensive
sandplains supporting spinifex hummock grasslands.” (Pringle et al. p. 180)

2.4.5 Vegetation

Technical Bulletin No. 87 identifies five different landform units which may exist
within the Bullimore Land System:

“Sand sheet — extensive level to gently undulating plains, occasionally more
than 10 km wide.

Sand dunes — generally linear, occasionally reticulate, aeolian deposits to 5
km long and generally < 10 m high.

Loamy plains — generally level tracts to 2 km wide subject to sheet run-on
from adjacent outcrops of granite.

Narrow drainage zones — narrow (<100 m) tracts subject to concentrated
sheet flow and sump areas near granite outcrops.

Dissected tracts — variably stripped weathered granite surfaces, including
incipient breakaways.” (H. Pringle et al., p.18)

Each landform unit may host a number of different vegetation types.

15



METHODS

The field survey was designed to provide data to facilitate the characterisation of the
vegetation types present and produce a map depicting those units. Also, to search for
Threatened and Priority plants species likely to occur in the area.

The fieldwork was undertaken on the 04.09.21 and 05.09.21 to confirm the validity of the
imagery interpretations made from satellite data of the area, to record and collect plant
samples from traverses, and quadrat surveys, to determine the presence or otherwise of
potential PEC’s and flora of conservation significance and to record the condition of the
vegetation.

Land Systems and associated Landform units were identified from the WA Department of
Agriculture’s Technical Bulletin, No. 87 An inventory and condition survey of the north-
eastern Goldfields, Western Australia._ Vegetation Types were interpreted from quadrat
surveys and vegetation type boundaries defined using satellite imagery.

Vehicle access to the survey area was made via an existing haul road running from the
Agnew-Sandstone Road. Traverses were conducted by foot to selected points as shown in
the image below.
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Map 3: Jonah Bore GPS tracks
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Four quadrat surveys were conducted.

Each 20m x 20m quadrat survey recorded descriptions of landscape, surface, rock type,
soils, overall vegetation type, fire age, condition/disturbances, vegetation stratum height,
total percentage cover and dominant species from which a vegetation description was
deduced using the Vegetation Classification System shown at Appendix E. A list of
species together with their height and percentage foliar cover was also recorded.

Plant species were recorded or sampled, and locations were recorded using a Garmin
GPSmap76csx device with +/- 3m accuracy and a Garmin g66i device. Photographs were
taken from the north — west corner of each quadrat. Opportunistic samples, notes,
photographs, and GPS coordinates were also taken to aid the mapping and reporting.

Specimens collected in the field were subsequently identified using appropriate text
references, plant keys and web sites.

3.1 Definitions of Survey Limitations

According to the EPA Guidance Statement December 2016 for Terrestrial Flora and
Vegetation Surveys for Environmental Impact Assessment in Western Australia, flora
and vegetation surveys may be limited by the following:

- sources of information and availability of contextual information (i.e. pre-existing
background versus new material);

- the scope (i.e. what life forms, etc., were sampled);

- Proportion of flora collected and identified (based on sampling, timing and
intensity);

- completeness and further work which might be needed (e.g. was the relevant
area fully surveyed);

- mapping reliability;

- timing, weather, season, cycle;

- disturbances (fire, flood, accidental human intervention etc.);

- intensity (in retrospect, was the intensity adequate);

© resources;

- access problems; and

- experience levels (e.g. degree of expertise in plant identification to taxon

level). (EPA, pp.13-15)

An assessment of these aspects is detailed in the table below:
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3.2 Survey Limitations

TABLE 2: Survey Limitations

ASPECT

CONSTRAINT

COMMENT

Sources and availability of
contextual information

No

The WA Department of Agriculture’s
Technical Bulletin, No. 87 An inventory and
condition survey of the north-eastern
Goldfields, Western Australia, and
accompanying 1: 250 000 Sir Samuel sheet
provides extensive reference material for the
region and the survey area.

Scope

No

The survey covered all aspects of flora and
vegetation assessment required for a detailed
survey and preparation of IBSA compliant
data.

Proportion of flora collected and
identified

No

Traverses covered the two vegetation types
encountered within the land system and four
quadrat surveys were conducted. 76 taxa were
recorded and all were identified.

Completeness

No

Given the relatively small size of the survey
area and the uniformity of its vegetation, the
survey is effort considered adequate to
characterise flora and vegetation in and around
the survey area.

Mapping reliability

No

Detail considered adequate for this survey in
this region.

Timing

No

The recommended time for primary surveys in
this region is 6-8 weeks post the wet season
which is regarded as March — June. This
survey was carried out on 4" and 5th
September.

Disturbances

No

No impediments encountered.

Intensity

No

Data collected considered adequate for this
survey in this region.

Resources

No

Resources were adequate with four-person
days devoted to botanical survey work.

Access Problems

No

Survey areas accessible by foot and four-
wheel drive vehicle.

Experience Levels

No

Personnel have combined over 32 years field
surveying experience in the Eastern and
North-Eastern Goldfields and Murchison
Region.

19




4. RESULTS
4.1 Flora

Four quadrats, each 20m x 20m were surveyed.
A total of 43 separate plant specimens were collected from within the survey area.

Seventy-six different species, including sub-species and varieties have been identified
from 25 families and 53 genera.

The most abundant genera were Acacia with eight species and Eremophila with five.
A complete list of species recorded is shown in the attached Appendix C.
No non-native introduced species were recorded within the survey area.

No plant species gazetted as Declared Rare Flora pursuant to Part 2 of the Biodiversity
Conservation Act 2016 (W. A.) and no species listed as Threatened pursuant to the List
of Threatened Flora of the EPBC Act (Department of Sustainability, Water, Population
and Communities) has been recorded from within the survey area.

No priority species listed in the DPaW’s Threatened and Priority Flora List or the
Nature Map Species Report have been identified.

A search conducted by the DBCA of the Threatened and Priority Ecological
Communities database revealed that there are no known occurrences of TEC’s
recorded within 50 km of the survey area with the closest being Depot Springs, located
30.5 km to the west.

No TEC’s were identified during the survey.

The nearest PEC to this survey area is the Lake Miranda west calcrete groundwater
assemblage type on Carey paleodrainage on Yakabindie Station located approximately
16.6 kilometres north of the survey area.

No PEC’s were identified within the survey area.
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4.2 Vegetation Classification

The survey area lies entirely within the Bullimore Land System which is described as
“Extensive sandplains supporting spinifex hummock grasslands”. (Pringle, et al. pp

180, 262)

Within the 71.2 Ha survey area, two separate vegetation units and the disturbed areas
were identified and mapped:

e Sandplain spinifex hummock grassland 51.5 Ha Or 71.5% of the area
e Disturbed areas 17.9 Ha or 24.8% and
e Sand Dune Shrubland 2.6 Ha or 3.7%

Vegetation type descriptions for the four quadrats surveyed are shown in Appendix B.
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MAP 4: Jonah Bore Vegetation and Quadrat locations.
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4.4 Condition of the Plant Communities

The region has been subjected to long-term, pastoral, and mining activities.

Mining began in 1897 with the discovery of gold in the region. Leinster Downs Station,
on which the survey area is located, was established in 1909 and has been used to run
horses, cattle and sheep and is currently lightly stocked with cattle.

No introduced weed species were encountered in the survey.

The area had been burnt in 2006. The tallest regrowth was seen in the Acacia sp. which
reached up to two metres. The fire appears to have impacted the landscape within the
survey area unevenly, leaving some areas almost treeless while mature Marble Gums,
Eucalyptus gongylocarpa, grow in other areas. The size of the Spinifex rings also
varies. However, most of them are considered to fall within the Class 4 category of 16-
20 years of age (Burrows e.t al. 2014), consistent with the timing of the previous known
fire event and taking into account variable factors affecting intensity such as fuel load
and wind speed.

The condition of the vegetation overall was considered to be “Good” based on the
Vegetation Condition Scale adapted from Keighery (1994) and Trudgen (1988) shown
below.
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Table 5: Vegetation Condition Scale for Eremaean and Northern Botanical Provinces
(Keighery 1994, Trudgen 1988) taken from EPA (2016)

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

The Agriculture WA publication entitled Pastoral resources and their management in
the north-eastern Goldfields, Western Australia (Pringle, 1994) provides an
interpretation of the findings from the rangeland survey of that area.

The report covered an area of about 100,600 square kilometres and includes individual
station reports on all or part of 51 stations within it including that prepared for Leinster
Downs Station.

In assessing the pastoral resource condition for the stations, the survey employed a
vegetation condition rating scale developed to describe the grazing potential of the
various land systems encountered on the individual properties.

Although this scale uses different criteria to that used in the field assessments for this
report, it is included here for the purpose of comparison.
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The vegetation condition rating of Good was described as: Perennials present include
all or most of the species expected; some less palatable or unpalatable species may have
increased, but total perennial cover is not very different from the optimal.

The report prepared for Leinster Downs shows that all of the Bullimore land system
which occupies 27986 Ha or 19.6% of the property, was assessed as being in Good
condition. This concurs with the assessment made in this survey, although based upon
different assessment criteria.
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5. DISCUSSION

The WA Department of Agriculture’s Technical Bulletin, No. 87 covers a survey area of
100 570 square kilometres. Within that area the Bullimore Land System occupies 24 013
square kilometres or 24%. Given the nature of the proposed activity, i.e., shallow strip
mining of sand, any physical disturbance created would be confined to the extensive
Sandplain Spinifex Hummock Grassland within the Bullimore Land System.

The area surveyed covered just 71.9 hectares and was confined to just one of the
vegetation types described in Technical Bulletin 87, Sandplain Spinifex Hummock
Grassland (SASP) and one vegetation sub-type, that being Sand Dune Shrubland (SDSH)
which was encountered on the remaining portion of the dune currently being mined.

It is considered that the small size of the area surveyed, the uniformity of the vegetation
within it and the varying effect that fire has had on it, combine to reduce the value of any
statistical analysis of the data collected, hence, that has not been performed.

No potential Priority Ecological Communities were identified, with the nearest known one
located 16.6 kilometres north of the survey area.

The nearest Threatened Ecological Community is located 30.5 kilometres west of the
survey area.

An Index of Biodiversity Surveys for Assessment (I1.B.S.A.) data package will be prepared
in accordance with the requirements of the Environmental Protection Act of 1986.

6. CONCLUSION AND RECOMMENDATIONS

A total of 76 species (including sub-species and varieties) from 25 families and 53 genera
have been recorded in the survey area. The most prevalent families recorded were
Fabaceae and Scrophulariaceae (Appendix C).

e No plant species gazetted as Threatened or Declared Rare Flora pursuant to
subsection (2) of section 23F of the Biodiversity Conservation Act 2016 (W. A.)
were recorded.

e No plant species listed as Threatened pursuant to Schedule 1 of the Environment
Protection and Biodiversity Conservation Act 1999 (Commonwealth) (Department
of Sustainability, Water, Population and Community) were recorded.

e No species listed as Declared by the Department of Agriculture and Food
Western Australia under the Biosecurity and Agricultural Management Act 2007
were recorded.

e No plant species listed as a Weed of National Significance (WoNS) under the
EPBC Act 1999 were encountered in the survey area. Weeds of National
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Significance are considered by the States and Territories to pose a significant threat
to biodiversity.

e No species identified as Priority species, listed by DBCA (2019) have yet been
recorded.

e No Threatened Ecological Communities listed by the DBCA (2019) were
recorded.

e No Threatened Ecological Communities listed by the Australian Government
Department of Environment and Energy were identified.

e No Priority Ecological Communities listed by the DBCA (2019) were recorded.

The following recommendations are made to protect and enhance the conservation and
botanical values in the Jonah Bore project area:

Apart from the actual mining and the threat of wildfires, the greatest threat posed to the
vegetation of the area would most likely be from the dust generated by the mining and
haulage of the sand, however there was no evidence that this had had a negative impact on
the vegetation at the time of the survey nor prior to that time. It has been ascertained that a
water truck is deployed for dust suppression at the site, this appears to be having the
desired effect as it was found that plants growing on the edge of disturbed areas did not
appear to be adversely affected, as can be seen in the photo below.
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Older rehabilitated areas were found to have a good cover of shrubs, predominantly
Acacias, while recently disturbed areas that had not yet had any rehabilitation work done
on them were surprisingly well covered with the grass Rytidosperma caespitosum as show
below.

e Ground disturbance and clearing of vegetation should be limited to that which is
essential for the development of the project.

e Apply weed prevention measures.
e Maintain rehabilitation techniques previously employed.

7. PARTICIPANTS

Mr Phil Stanley Dip Cart, Dip Hort and Ms Paula Pavlovic BA, MA of Goldfields
Landcare Services carried out the field work, plant identification, mapping, report and
IBSA data preparation for this project. Flora Taking (Biological Assessment) Licence
numbers: FB2000231 and FB62000232.

GIS mapping by Mr Andrew Waters, BSc, GradCertGIS, AdvCertHort. of Woodgis.
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Appendix A: Species of Conservation Significance recorded from DBCA data searches and DAWE Protected Matters Search. (See Key at
bottom)

Taxon Cons _Code | WAHERB | TPFL NatureMap | EPBCA

Baeckea sp. Sandstone (C.A. Gardner s.n. 26 Oct. 1963) X

Calytrix warburtonensis

Eremophila arachnoides subsp. arachnoides

Eremophila pungens

Goodenia modesta

Grevillea inconspicua

Hemigenia exilis

Homalocalyx echinulatus

Korthalsella leucothrix

Mirbelia ferricola

Phyllanthus baeckeoides

Seringia exastia T

Swainsona katjarra

Thryptomene nealensis

Thryptomene sp. Leinster (B.J. Lepschi & L.A. Craven

4362)

Verticordia jamiesonii 3
Key:

X
X

XXX XX

WWFRPrWhRWIWIN|W

CE

o
XX XXX XX XX XXX X
X

w

w

T: Threatened
CE: Critically Endangered
TPFL: Threatened and Priority Flora

EPBCA: Environment Protection and Biodiversity Conservation Act
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Appendix B: Quadrat Sampling Site Descriptions
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Plate 1: Quadrat 1 Sandplain Spinifex Hummock Grassland (SASP)

At quadrat number one (51 J 247801 m E ; 6906106 m S) the vegetation was described as Open
Low Scrub of Acacia effusifolia, A. jamesiana, Grevillea juncifolia, Eremophila platythamnos
subsp. platythamnos, E. forrestii subsp. forrestii and Duboisia hopwoodii (PFC 2-10%, 1-2 m)
over Open Dwarf Scrub of Enekbatus eremaeus, Seringia velutina, Bonamia erecta, Dampiera
roycei, (PFC 2-10%, <1 m) over Open Hummock Grass of Triodia basedowii (PFC 10-30%, 0.4
m) and Scattered Grass of Amphipogon caricinus (PFC <1%, 0.3 m) on orange silty sand on a
sand plain.
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Plate 2: Quadrat 2 Sand Dune Shrubland (SASP sub-type SDSH)

At quadrat number two (51 J 247920 m E ; 6906327 m S) the vegetation was described as Open
Low woodland A of Eucalyptus gongylocarpa (PFC 2-10%, 6 m) over Scattered Low Trees of
Eucalyptus oldfieldii and Gyrostemon ramulosus (PFC <2%; <5 m) over Mixed Open Dwarf
Scrub of Senna artemisioides subsp. filifolia, Acacia ligulata, Grevillea juncifolia, Eremophila
platythamnos subsp. platythamnos, Dianella revoluta, Ptilotus obovatus, Goodenia peacockiana,
Leptosema chambersii, and Eucalyptus gongylocarpa (PFC 2-10%, < 1m) over Very Open
Hummock Grass of Triodia basedowii (PFC 2-10%; 0.3 m) with Scattered Grasses of
Rytidosperma caespitosum and Amphipogon caricinus, and the annual Leucochrysum stipitatum
(PFC <2%; 0.5 m) on orange sand on a sand dune.
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Plate 3: Quadrat 3 Sand Dune Shrubland (SASP sub-type SDSH)

At quadrat number three (51 J 247737 m E; 6906425 m S) the vegetation was described as
Scattered Low Trees B of Eucalyptus gongylocarpa and Gyrostemon ramulosus (PFC <2%, <5
m) over Open Dwarf Scrub of Acacia jamesiana, Grevillea juncifolia, Eremophila forrestii
subsp. forrestii, Enekbatus eremaeus, Homolocalyx thryptomenoides, Calytrix desolata,
Chrysocephalum puteale, Eremophila platythamnos subsp. platythamnos, Leptosema
chambersii, and Grevillea juncifolia (PFC 2-10%, <1 m) over Open Hummock Grass of Triodia
basedowii (PFC 10-30%, 0.4 m) and Scattered Grass of Rytidosperma caespitosum on orange
silty sand on a sand dune.
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Plate 4: Quadrat 4 Sandplain Spinifex Hummock Grassland (SASP)

At quadrat number four (51 J 248585 m E; 6906304 m S) the vegetation was described as Open
Low woodland A of Eucalyptus gongylocarpa, (PFC 2-10%, 7 m) over Scattered Low Trees B
of E. gongylocarpa (PFC <1%, 2-3 m) over Open Low Scrub of Acacia ligulata, A. murrayana,
Dodonaea viscosa subsp. mucronata, E. gongylocarpa, E. leptopoda, Grevillea juncifolia,
Rhagodia drummondii, Marianthus bicolour and Hakea minyma (PFC 2-10%, 1-2 m) over
Scattered Low shrubs of Maireana thesioides, Ptilotus obovatus, Euphorbia tannensis subsp.
eremophila and Ptilotus polystachyus (PFC <2%, <1 m) over Open Hummock Grass of Triodia
basedowii (PFC 10-30%, 0.4 m) on orange silty sand on a sand plain.
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Appendix C: Species List by Vegetation Type
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Appendix C: Plant Species List by Vegetation Type. (See key at end of list.)

Family Genus and Species SASP | SDSH | Rehab
Amaranthaceae Ptilotus obovatus X X
Amaranthaceae Ptilotus polystachya X
Araliaceae Trachymene glaucifolia X
Asparagaceae Thysanotus exiliflorus X
Asparagaceae Thysanotus manglesianus X
Asteraceae Chrysocephalum puteale X
Asteraceae Lemooria burkittii X
Asteraceae Leucochrysum stipitatum X X
Asteraceae Olearia subspicata X
Asteraceae Siemssenia capillaris X
Chenapodiaceae Dysphania rhadinostachya subsp. inflata X
Chenapodiaceae Maireana thesioides X
Chenapodiaceae Rhagodia drummondii X
Chenapodiaceae Salsola australis X
Convolvulaceae Bonamia erecta X
Convolvulaceae Convolvulus remotus X
Cyperaceae Schoenus subaphyllus X
Euphorbiaceae Euphorbia tannensis subsp. eremophila X
Euphorbiaceae Monotaxis luteiflora X
Fabaceae Acacia caesaneura X
Fabaceae Acacia effusifolia X
Fabaceae Acacia jamesiana X X
Fabaceae Acacia ligulata X X
Fabaceae Acacia longispinea X
Fabaceae Acacia minyura X
Fabaceae Acacia murrayana X
Fabaceae Acacia tetragonophylla X
Fabaceae Daviesia grahamii X
Fabaceae Leptosema chambersii X X
Fabaceae Senna artemisioides X
Fabaceae Senna artemisioides subsp. filifolia X
Fabaceae Senna glutinosa subsp. xluerssenii X X
Fabaceae Senna pleurocarpa subsp. pleurocarpa X
Goodeniaceae Brunonia australis X
Goodeniaceae Dampiera roycei X
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Appendix C: Plant Species List by Vegetation Type. continued

Family Genus and Species SASP | SDSH | Rehab
Goodeniaceae Goodenia peacockiana X X
Goodeniaceae Scaevola parvifolia X
Goodeniaceae Scaevola spinescens X
Gyrostemonaceae | Gyrostemon ramulosus X
Homerocallidaceae | Dianella revoluta X X
Lamiaceae Prostanthera althoferi X
Malvaceae Alyogyne pinoniana X
Malvaceae Androcalva loxophylla X
Malvaceae Brachychiton gregorii X
Malvaceae Seringia velutina X
Montiaceae Calandrinia polyandra X
Myrtaceae Calytrix desolata X
Myrtaceae Enekbatus eremaeus X X
Myrtaceae Eucalyptus gongylocarpa X X
Myrtaceae Eucalyptus kingsmillii X
Myrtaceae Eucalyptus leptopoda X X
Myrtaceae Eucalyptus oldfieldii X
Myrtaceae Homalocalyx thryptomenoides X X
Myrtaceae Micromyrtus flaviflora X
Pittosporaceae Marianthus bicolor X X
Pittosporaceae Pittosporum angustifolium X
Poaceae Amphipogon caricinus X X
Poaceae Rytidosperma caespitosum X X X
Poaceae Triodia basedowii X X
Proteaceae Grevillea didymobotrya subsp. didymobotrya X
Proteaceae Grevillea juncifolia X X
Proteaceae Hakea minyma X
Rubiaceae Psydrax rigidula X
Rubiaceae Psydrax suaveolens X
Santalaceae Exocarpos sparteus X
Sapindaceae Dodonaea microzyga var. acrolobata X
Sapindaceae Dodonaea viscosa subsp. mucronata X X
Scrophulariaceae Eremophila decipiens X
Scrophulariaceae Eremophila forrestii subsp. forrestii X X
Scrophulariaceae Eremophila granitica X X
Scrophulariaceae Eremophila longifolia X
Scrophulariaceae Eremophila platythamnos subsp. platythamnos | X X

43




Appendix C: Plant Species List by Vegetation Type. continued

Family Genus and Species SASP | SDSH | Rehab
Solanaceae Duboisia hopwoodii X
Solanaceae Solanum centrale X
Solanaceae Solanum lasiophyllum X
Thymelaeaceae Pimelea microcephala X
Key:

SASP: (Undifferentiated) Sandplain Spinifex Hummock Grasslands.

SAHS: Sandplain Heath Stratum
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Appendix D: Conservation Code Definitions

45



Appendix D1: Conservation Codes for Western Australian Flora and Fauna (Department of
Biodiversity, Conservation and Attractions, 2016) Retrieved Feb. 2019

Specially protected Description
fauna and flora Code

Threatened species

T Threatened species Listed by order of the Minister as Threatened in the category of critically
endangered, endangered or vulnerable under section 19(1), or is a rediscovered species to be regarded
as threatened species under section 26(2) of the Biodiversity Conservation Act 2016 (BC Act).
Threatened fauna is that subset of ‘Specially Protected Fauna’ listed under schedules 1 to 3 of the
Wildlife Conservation (Specially Protected Fauna) Notice 2018 for Threatened Fauna. Threatened
flora is that subset of ‘Rare Flora’ listed under schedules 1 to 3 of the Wildlife Conservation (Rare
Flora) Notice 2018 for Threatened Flora. The assessment of the conservation status of these species is
based on their national extent and ranked according to their level of threat using IUCN Red List
categories and criteria as detailed below.

Critically endangered species

CR Threatened species considered to be “facing an extremely high risk of extinction in the wild in the
immediate future, as determined in accordance with criteria set out in the ministerial guidelines”.
Listed as critically endangered under section 19(1)(a) of the BC Act in accordance with the criteria set
out in section 20 and the ministerial guidelines. Published under schedule 1 of the Wildlife
Conservation (Specially Protected Fauna) Notice 2018 for critically endangered fauna or the Wildlife
Conservation (Rare Flora) Notice 2018 for critically endangered flora.

Endangered species

EN Threatened species considered to be “facing a very high risk of extinction in the wild in the near
future, as determined in accordance with criteria set out in the ministerial guidelines”. Listed as
endangered under section 19(1)(b) of the BC Act in accordance with the criteria set out in section 21
and the ministerial guidelines. Published under schedule 2 of the Wildlife Conservation (Specially
Protected Fauna) Notice 2018 for endangered fauna or the Wildlife Conservation (Rare Flora) Notice
2018 for endangered flora.

Vulnerable species

VU Threatened species considered to be “facing a high risk of extinction in the wild in the medium-term
future, as determined in accordance with criteria set out in the ministerial guidelines”. Listed as
vulnerable under section 19(1)(c) of the BC Act in accordance with the criteria set out in section 22
and the ministerial guidelines. Published under schedule 3 of the Wildlife Conservation (Specially
Protected Fauna) Notice 2018 for vulnerable fauna or the Wildlife Conservation (Rare Flora) Notice
2018 for vulnerable flora.

Extinct species

EX Species where “there is no reasonable doubt that the last member of the species has died”, and listing
is otherwise in accordance with the ministerial guidelines (section 24 of the BC Act). Published as
presumed extinct under schedule 4 of the Wildlife Conservation (Specially Protected Fauna) Notice
2018 for extinct fauna or the Wildlife Conservation (Rare Flora) Notice 2018 for extinct flora.

Extinct in the wild species

EW Species that “is known only to survive in cultivation, in captivity or as a naturalised population well
outside its past range; and it has not been recorded in its known habitat or expected habitat, at
appropriate seasons, anywhere in its past range, despite surveys over a time frame appropriate to its
life cycle and form”, and listing is otherwise in accordance with the ministerial guidelines (section 25
of the BC Act). Currently there are no threatened fauna or threatened flora species listed as extinct in
the wild. If listing of a species as extinct in the wild occurs, then a schedule will be added to the
applicable notice.
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Appendix D2: Conservation Codes for Western Australian Flora and Fauna (Department of
Biodiversity, Conservation and Attractions, 2016) Retrieved Feb. 2019 continued

Specially protected
species

Description

Ml

Migratory species

Fauna that periodically or occasionally visit Australia or an external Territory or the
exclusive economic zone; or the species is subject of an international agreement
that relates to the protection of migratory species and that binds the
Commonwealth; and listing is otherwise in accordance with the ministerial
guidelines (section 15 of the BC Act). Includes birds that are subject to an
agreement between the government of Australia and the governments of Japan
(JAMBA), China (CAMBA) and The Republic of Korea (ROKAMBA), and fauna
subject to the Convention on the Conservation of Migratory Species of Wild
Animals (Bonn Convention), an environmental treaty under the United Nations
Environment Program. Migratory species listed under the BC Act are a subset of
the migratory animals, that are known to visit Western Australia, protected under
the international agreements or treaties, excluding species that are listed as
Threatened species. Published as migratory birds protected under an international
agreement under schedule 5 of the Wildlife Conservation (Specially Protected
Fauna) Notice 2018.

CD

Species of special conservation interest (conservation dependent fauna)

Fauna of special conservation need being species dependent on ongoing
conservation intervention to prevent it becoming eligible for listing as threatened,
and listing is otherwise in accordance with the ministerial guidelines (section 14 of
the BC Act). Published as conservation dependent fauna under schedule 6 of the
Wildlife Conservation (Specially Protected Fauna) Notice 2018..

(ON]

Other specially protected species

Fauna otherwise in need of special protection to ensure their conservation, and
listing is otherwise in accordance with the ministerial guidelines (section 18 of the
BC Act). Published as other specially protected fauna under schedule 7 of the
Wildlife Conservation (Specially Protected Fauna) Notice 2018.
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Appendix D3: Conservation Codes for Western Australian Flora and Fauna (Department of
Biodiversity, Conservation and Attractions, 2016) Retrieved Feb. 2019 continued

Priority Species Codes Description

Priority 1: Poorly-known species

P1 Species that are known from one or a few locations (generally five or less)
which are potentially at risk. All occurrences are either: very small; or on lands
not managed for conservation, e.g. agricultural or pastoral lands, urban areas,
road and rail reserves, gravel reserves and active mineral leases; or otherwise
under threat of habitat destruction or degradation. Species may be included if
they are comparatively well known from one or more locations but do not meet
adequacy of survey requirements and appear to be under immediate threat from
known threatening processes. Such species are in urgent need of further survey.

Priority 2: Poorly-known species

P2 Species that are known from one or a few locations (generally five or less),
some of which are on lands managed primarily for nature conservation, e.g.
national parks, conservation parks, nature reserves and other lands with secure
tenure being managed for conservation. Species may be included if they are
comparatively well known from one or more locations but do not meet
adequacy of survey requirements and appear to be under threat from known
threatening processes. Such species are in urgent need of further survey.

Priority 3: Poorly-known species

P3 Species that are known from several locations, and the species does not appear
to be under imminent threat, or from few but widespread locations with either
large population size or significant remaining areas of apparently suitable
habitat, much of it not under imminent threat. Species may be included if they
are comparatively well known from several locations but do not meet adequacy
of survey requirements and known threatening processes exist that could affect
them. Such species are in need of further survey.

Priority 4: Rare, Near Threatened and other species in need of monitoring

P4 () Rare. Species that are considered to have been adequately surveyed, or for
which sufficient knowledge is available, and that are considered not currently
threatened or in need of special protection but could be if present circumstances
change. These species are usually represented on conservation lands.

(b) Near Threatened. Species that are considered to have been adequately
surveyed and that are close to qualifying for Vulnerable but are not listed as
Conservation Dependent.

(c) Species that have been removed from the list of threatened species during
the past five years for reasons other than taxonomy.
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Appendix D4: Definition of Threatened Flora Species (Environment Protection and Biodiversity
Conservation Act 1999 (Commonwealth))

Category Code Category

Extinct

Ex Species which at a particular time if, at that time, there is no reasonable doubt that the last
member of the species has died.

Extinct in the Wild

ExwW Species which is known only to survive in cultivation, in captivity or as a naturalized population
well outside its past range; or it has not been recorded in its known and/or expected habitat, at
appropriate seasons, anywhere in its past range, despite exhaustive surveys over a time frame
appropriate to its life cycle and form.

Critically Endangered

CE Species which at a particular time if, at that time, it is facing an extremely high risk of
extinction in the wild in the immediate future, as determined in accordance with the prescribed
criteria.

Endangered
E Species which is not critically endangered and it is facing a very high risk of extinction in the

wild in the immediate or near future, as determined in accordance with the prescribed criteria.

Vulnerable

\Y/ Species which is not critically endangered or endangered and is facing a high risk of extinction
in the wild in the medium-term future, as determined in accordance with the prescribed criteria.

Conservation Dependent

CD Species which at a particular time if, at that time: a) the species is the focus of a specific
conservation program, the cessation of which would result in the species becoming vulnerable,
endangered or critically endangered; or b) the following subparagraphs are satisfied: (i) the
species is a species of fish; (ii) the species is the focus of a plan of management that provides
for management actions necessary to stop the decline of, and support the recovery of, the
species so that its chances of long term survival in nature are maximized; (iii) the plan of
management is in force under a law of the Commonwealth or of a State or Territory; (iv)
cessation of the plan of management would adversely affect the conservation status of the
species.
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Appendix D5: Definitions and Criteria of Threatened Ecological Communities (Department of
Environment and Conservation 2013)

Category Code

Category

PD

Presumed Totally Destroyed

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:

(i) Records within the last 50 years have not been confirmed despite thorough searches or known likely habitats or;

(ii) All occurrences recorded within the last 50 years have since been destroyed.

CE

Critically Endangered

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; 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).

EN

Endangered

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).

VU

Vulnerable

An ecological community will be listed as Vulnerable when it has been adequately surveyed and is not Critically Endangered or
Endangered but is facing a high risk of total destruction or significant modification in the medium to long-term 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 ecological community exists largely as modified occurrences that are likely to be capable of being substantially restored
or rehabilitated.
B) The ecological community may already be modified and would be vulnerable to threatening processes, is restricted in area and/or
range and/or is only found at a few locations.
C) The ecological community may be still widespread but is believed likely to move into a category of higher threat in the medium to
long term future because of existing or impending threatening processes.
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Appendix D6: Definitions and Criteria for Priority Ecological Communities (Department of
Environment and Conservation 2013)

Category Code

Category

P1

Poorly-known ecological communities:

Ecological communities that are known from very few occurrences with a very restricted distribution
(generally <5 occurrences or a total area of < 100ha). Occurrences are believed to be under threat either due
to limited extent, or being on lands under immediate threat (e.g. within agricultural or pastoral lands, urban
areas, active mineral leases) or for which current threats exist. May include communities with occurrences
on protected lands. Communities may be included if they are comparatively well-known from one or more
localities but do not meet adequacy of survey requirements, and/or are not well defined, and appear to be
under immediate threat from known threatening processes across their range.

P2

Poorly-known ecological communities:

Communities that are known from few occurrences with a restricted distribution (generally <10
occurrences or a total area of <200ha). At least some occurrences are not believed to be under immediate
threat of destruction or degradation. Communities may be included if they are comparatively well known
from one or more localities but do not meet adequacy of survey requirements, and/or are not well defined,
and appear to be under threat from known threatening processes.

P3

Poorly known ecological communities:

(iYCommunities that are known from several to many occurrences, a significant number or area of which are
not under threat of habitat destruction or degradation or:

(if) communities known from a few widespread occurrences, which are either  large or with significant
remaining areas of habitat in which other occurrences may occur, much of it not under imminent threat, or;
(iif) communities made up of large, and/or widespread occurrences, that may or may not be represented in
the reserve system but are under threat of modification across much of their range from processes such as
grazing by domestic and/or feral stock, and inappropriate fire regimes.

Communities may be included if they are comparatively well known from several localities but do not meet
adequacy of survey requirements and/or are not well defined, and known threatening processes exist that
could affect them.

P4

Ecological communities that are adequately known, rare but not threatened or meet criteria for Near
Threatened, or that have been recently removed from the threatened list. These communities require
regular monitoring.

6. Rare. Ecological communities known from few occurrences that are considered to have
been adequately surveyed, or for which sufficient knowledge is available, and that are
considered not currently threatened or in need of special protection, but could be if present
circumstances change. These communities are usually represented on conservation lands.

(i) Near Threatened. Ecological communities that are considered to have been adequately surveyed and that
do not qualify for Conservation Dependent, but that are close to qualifying for Vulnerable.

(iii) Ecological communities that have been removed from the list of threatened communities during the past
five years.

P5

Conservation Dependent ecological communities

Ecological communities that are not threatened but are subject to a specific conservation program, the
cessation of which would result in the community becoming threatened within five years.
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Appendix E: Vegetation Classification System
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Appendix E: Vegetation Classification System (Modified Muir 1977)

Form/Height

Canopy Cover

Dense Mid-Dense Sparse Very Sparse Scattered

70-100% 30-70% 10-30% 2-10% <2%
Trees>30m Dense Tall Forest Tall Forest Tall Woodland Open Tall Woodland Scattered Tall Trees
Trees 15-30m Dense Forest Forest Woodland Open woodland Scattered Trees

Trees 5-15m Dense Low Forest A Low Forest A Low Woodland A Open Low Woodland A Scattered Low Trees A
Trees <6m Dense Low Forest B Low Forest B Low Woodland B Open Low Woodland B Scattered Low Trees B
Mallee tree form Dense Tree Mallee Tree Mallee Open Tree Mallee Very Open Tree Mallee Scattered Tree Mallees
Mallee shrub form Dense Shrub Mallee Shrub Mallee Open Shrub Mallee Very Open Shrub Mallee Scattered Shrub Mallees
Shrubs >2m Dense Thicket Thicket Scrub Open Scrub Scattered Tall Shrubs
Shrubs 1-2m Dense Heath Heath Low Scrub Open Low Scrub Scattered Shrubs
Shrubs <1m Dense Low Heath Low Heath Dwarf Scrub Open Dwarf Scrub Scattered Low Shrubs

Mat plants, Bunch
Grass, Hummock

Grass, Sedges, Herbs

Dense Mat Plants/
Grass/Hummock

Grass/Sedges/Herbs

Mat Plants/Grass/
Hummock Grass/

Sedges/Herbs

Open Mat Plants/
Grass/Hummock

Grass/Sedges/Herbs

Very Open Mat Plants/
Grass/Hummock Grass/

Sedges/Herbs

Scattered Mat Plants/
Grasses/Hummock

Grasses/Sedges/Herbs
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Jonah Bore Project: Basic Vertebrate Fauna Survey

Executive Summary

Introduction

MLG Oz Limited (MLG) operate a sand quarry at the Jonah Bore Project, 25km west of Leinster
in the Goldfields region of Western Australia. Western Wildlife was commissioned to carry
out a basic vertebrate fauna survey and targeted Arid Bronze Azure Butterfly (Ogyris
subterrestris petrina) host ant and Malleefow! (Leipoa ocellata) survey.

The aims of the fauna survey were to:

e Identify the fauna habitats present in the study area.

e Conduct a targeted Malleefowl survey.

e Conduct a targeted survey for the host ant of the Arid Bronze Azure Butterfly.

e List the vertebrate fauna that were recorded in the study area and/or have the
potential to occur in the study area.

e Identify species of conservation significance, or habitats of particular importance for
fauna, that potentially occur in the study area.

Methods

The fauna survey was undertaken in accordance with Technical guidance: terrestrial
vertebrate fauna surveys for environmental impact assessment (EPA 2020) and relevant State
and Federal Guidelines on surveying conservation significant fauna.

The field study was undertaken by two zoologists on the 26" August 2021 and included:

e |dentification of fauna habitats
e Targeted searches for evidence of the Malleefowl.
e Targeted searches for the attendant ant of the Arid Bronze Azure Butterfly.

e Opportunistic record keeping of all vertebrate fauna observed

Species of conservation significance were classified as: Threatened if listed as Extinct in the
Wild, Critically Endangered, Endangered or Vulnerable under the Environment Protection and
Biodiversity Conservation Act 1999 (EPBC Act) and/or Biodiversity Conservation Act 2016 (BC
Act); Migratory if listed as Migratory under the EPBC Act and/or BC Act, excluding those
species also listed as threatened; Specially Protected if listed as Other Specially Protected
Species or Conservation Dependent Fauna under the BC Act; Priority if listed as Priority by
DBCA and Locally Significant if considered by the author to potentially be of local significance.

Fauna Habitats
Two fauna habitats were identified across the study area:

e Spinifex - Eucalypt sandplain
e Sanddune

Habitats that are less common in the Bioregion, such as granite outcrops, salt lakes or
freshwater wetlands, were absent from the study area.
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Jonah Bore Project: Basic Vertebrate Fauna Survey

Faunal Assemblage

The faunal assemblage of the study area is likely to be largely intact, as the study area is

situated within a larger tract of native vegetation. Many of the species that occur are widely

distributed through semi-arid Australia. The predicted faunal assemblage includes up to nine

frogs, 80 reptiles, 116 birds, 30 native mammals and nine introduced mammals.

Conservation Significant Fauna

Sixteen conservation significant species may occur in the study area, 13 vertebrates and three
invertebrates.

The eight Threatened species that may occur are:

Arid Bronze Azure Butterfly (Ogyris subterrestris petrina) - EPBC Act (Critically
Endangered), BC Act (Critically Endangered)

Night Parrot (Pezoporus occidentalis) - EPBC Act (Endangered), BC Act (Critically
Endangered)

Malleefowl (Leipoa ocellata) - EPBC Act (Vulnerable), BC Act (Vulnerable)

Grey Falcon (Falco hypoleucos) - EPBC Act (Vulnerable), BC Act (Vulnerable)

Great Desert Skink (Liopholis kintorei) - EPBC Act (Vulnerable), BC Act (Vulnerable)
Chuditch (Dasyurus geoffroii) - EPBC Act (Vulnerable), BC Act (Vulnerable)
Princess Parrot (Polytelis alexandrae) - EPBC Act (Vulnerable), Priority 4

Southern Whiteface (Aphelocephala leucopsis) — EPBC Act (Vulnerable).

A targeted survey for the host ant of the Arid Bronze Azure Butterfly failed to find any
ants, thus it is unlikely that this species occurs in the study area. The Spinifex in the
study area is unlikely to be large