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“1 MPORTANT NOTE"

Bi ologic Environment al Survey Pty Ltd (“ BilectrasttiedaljndahRtysltdpr epar ed
(“Client”), in accordance with the Client’'s specific instructions
the Client (“Purpose”). This report and its content are only pert

contained in this report are not to be used for any purpose other than the Purpose.

The information contained in this report is not financial advice and Biologic is not licenced to provide financial
advice. The report does not take into account the investment objectives, financial situation or specific investment

needs of the Client and should not form the basis of an investment decision by the Client.

In preparing this report Biologic has assumed the accuracy and completeness of all the information and
documents received or obtained from the Client and all information and documents received or obtained as a
result of any request or enquiry made to a government department, authority, government register or database.

Biologic has not independently verified any such assumptions.

Apart from fair dealing for the purposes of private study, research, criticism, or review as permitted under the
Copyright Act, no part of this report, its attachments or appendices may be reproduced by any process, released,

or distributed without the written consent of Biologic. All enquiries should be directed to Biologic.

This report is presented without the assumption of a duty of <care
Party”). The report may not contain sufficient information for th

may not bereliedonbya Third Party without Biologic’'s prior written consent

Biologic will not be liable to a Third Party for any loss, damage, liability, or claim arising out of or incidental to a

Third-Party publishing, using or relying on the facts, content, opinions or subject matter contained in this report.

If @ Third Party uses or relies on the facts, content, opinions, or subject matter contained in this report with or
without the consent of Biologic, Biologic disclaims all risk, and the Third Party assumes all risk and releases and
indemnifies and agrees to keep Biologic indemnified from any Loss, Damage, claim or liability arising directly or

indirectly from the use of or reliance on this report.

For the purpose of this document, a reference to “Loss” and “ Dame
loss, loss of profits, damage to property, injury to any person (including death) costs and expenses incurred in taking
measures to prevent, mitigate or rectify any harm, loss of opportunity, legal costs, compensation, interest and any

other direct, indirect, consequential, or financial or other loss.
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Executive Summary

Background

Electrostate Malinda Pty Ltd (Electrostate Malinda), a 100% owned subsidiary of Delta
Lithium Limited (Delta Lithium), is seeking to develop the Yinnetharra Lithium Project
(the Project), located approximately 120 km northeast of Gascoyne Junction, in the Gascoyne
Region of Western Australia. The Project comprises several pending and granted
tenements, with the current mining lease application (M09-185) situated within E 09/2169
(Malinda Prospect) and E 09/02283.

Two major watercourses occur in the immediate vicinity of M09-185; Morrissey Creek and
Thirty-Three River, along with numerous minor tributaries and ephemeral claypans.
Therefore, to support environmental approvals for the Project, Electrostate Malinda
engaged Biologic Environmental (Biologic) to complete an ecological survey of these
aquatic ecosystems and provide an assessment of their values (the aquatic ecology
assessment). The Study Area for the aquatic ecology assessment was defined as a 10 km
radius from the centre of M09-185, as any potential direct or indirect impacts to aquatic

environments are most likely to occur within this area.
Sites within the Study Area included:

+ Four sites on Morrissey Creek within, or immediately adjacent to, E 09/2169 (MC2, MC3,
MC4 and MC5)

» Three sites on Thirty-Three River immediately downstream / to the south of E 09/2283
(33RO, 33R1, 33R2)

e Three claypans (CP-1, CP-2 and CP-3)

Additional sites outside of/upstream of the Study Area included:

+ One site on Morrissey Creek upstream of E 09/2169 (MC])
e Two sites on Thirty-One River (31R1 and 31R2), to the west of the Study Area
e Two sites on the Gascoyne River, outside and upstream of any granted or pending

tenements (GRR1 and GRR2)

The survey components selected to characterise and assess aquatic ecosystem values for

the Study Area, were:

+ Habitat characteristics

+ Water and sediment quality
» Phytoplankton (algae)

* Aquatic macrophytes

 Dominant riparian flora
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* Hyporheic fauna

» Aquatic invertebrates

* Invertebrate egg banks at dry sites (rehydration emergence trials)

» Fish

» Other aquatic/semi-aquatic vertebrate fauna.
The aquatic ecology assessment was conducted in compliance with relevant environmental
legislation and guidelines, including the Environmental Protection Authority's (EPA)
objectives for Inland Waters, Flora and Vegetation, and Terrestrial Fauna. These objectives
focus on maintaining hydrological regimes, biological diversity, and ecological integrity to
protect significant ecosystems.

Key Findings

Hydrology and Habitat

Study area sites on Morrissey Creek and the Thirty-Three River retained pools between the
wet and dry seasons, providing refuge habitat for aquatic species during dry periods. In
contrast, claypans within the Study Area were highly ephemeral systems with limited water
retention during the dry season. These systems are influenced by seasonal variability and
anthropogenic pressures such as cattle grazing. The sites sampled on the Gascoyne River
outside of the Study Area demonstrated the most stable hydrological conditions, with large,
permanent pools and diverse habitat structures. Thirty-One River, also outside the Study

Area, was highly ephemeral and did not retain water between seasons.

Water and Sediment Quality

Surface waters across the Study Area were considered circum-neutral to basic (pH 6.7 t0 9.0),
fresh (electrical conductivity; EC <1,500 uS/cm) and clear (turbidity <15 NTU), with highly
variable dissolved oxygen concentrations. EC and pH adhered to Australian and New
Zealand (ANZG) 95% species protection guidelines for freshwater ecosystems at most sites
However, localised elevated turbidity and dissolved metals were observed in the claypans,
and the Gascoyne River exhibited slightly elevated EC levels. No guideline values (GVs) for

toxicants in sediment were exceeded in either season at any site.

Flora and Fauna

A locally-high proportion of groundwater indicating aquatic and riparian flora species were
recorded at Study Area sites on Morrissey Creek and Thirty-Three River, suggesting these
pools are persistent across seasons, potentially supported by groundwater. Aquatic and
riparian flora were depauperate at the Study Area claypans, associated with their ephemeral
nature, cattle impacts and high turbidity. No priority flora species were recorded from the

Study Area.
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Morrissey Creek within the Study Area also hosted rich aquatic invertebrate assemblages,
which were comparable to those of the permanent waterbodies of the Gascoyne River.
Notably, a genetically-distinct and undescribed syncarid from the family Bathynellidae
(Atopobathynella " sp. Biologic-PBATO77° ) was recorded from the
within the Study Area.

Contrastingly, the Study Area claypans supported relatively low invertebrate diversity,
although their assemblages are highly unique within the local area, with numerous taxa
recorded that were not present at any of the other sites during the aquatic ecology
assessment. These included two genetically distinct species of Triops (shield shrimp), an
undescribed brine/fairy shrimp from a genus not previously reported from Western Australia

(Australobranchipus), and numerous clam shrimp and ostracod (seed shrimp) taxa.

One freshwater fish species was recorded from the Study Area: the spangled perch
(Leiopotherapon unicolor). This species was only present at Thirty-Three River sites 33R1and
33R2. Thirty-Three River and Morrissey Creek sites also supported small populations of flat-
shelled turtle (Chelodina steindachneri) and several waterbird taxa. Records of the latter
suggest these systems provide stopover and foraging habitats for water-dependent species,

enhancing biodiversity within the Study Area.

In contrast to systems within the Study Area, the Gascoyne River supported the highest
floristic richness of the systems sampled, with abundant macrophyte assemblages and
diverse riparian flora. The Gascoyne River also supported a rich invertebrate and vertebrate
fauna assemblages, hosting five species of freshwater fish (including the Priority 2 golden

gudgeon Hypseleotris aurea), flat-shelled turtle and numerous waterbirds.
Conclusions

The aquatic ecology assessment revealed relatively high ecological values are present within
the Study Area, particularly at semi-permanent pools on Morrissey Creek and Thirty-Three
River. These include locally-high richness of groundwater indicator flora species and
stygobitic fauna, providing evidence of some groundwater connection. These pools also
hosted freshwater fish, freshwater turtle and waterbird species, underscoring the
persistence of these habitats through wet and dry seasons, making them important refuge
zones for aquatic life within the Study Area. In contrast, the Thirty-One River and claypans
within the Study Area exhibited lower flora and fauna diversity due to limited surface water
availability, although they supported unique invertebrate assemblages with numerous taxa
absent from other sites. This assessment establishes a preliminary ecological
characterisation of the aquatic ecosystems in the Study Area, providing a foundation for

mapping future changes.
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Glossary

ANZG Australia and New Zealand Guidelines for Fresh and Marine Water Quality

BC Act Biodiversity Conservation Act 2016

BoM Bureau of Meteorology

DBCA Department Biodiversity, Conservation and Attractions

DGV Default Guideline Value for water quality

DO Dissolved oxygen

DPIRD Department of Primary Industry and Regional Development

EC Electrical conductivity

eDNA Environmental DNA

EPA Western Australian Environmental Protection Authority

EPBC Act Environment Protection and Biodiversity Conservation Act 1999

GDE Groundwater dependent ecosystem

GDhV Groundwater dependent vegetation

GS Gauging station

IUCN International Union for the Conservation of Nature

LWD Large woody debris

MNES Matters of National Environmental Significance

ML Megalitres

NTU Nephelometric turbidity unit

oTU Operational taxonomic unit

SL Standard length measurement for fish which is measured from the tip of the
snout to the posterior end of the last vertebra or to the posterior end of the
midlateral portion of the hypural plate (i.e., this measurement excludes the
length of the caudal fin).

SRE Short-range endemic

WAM Western Australian Museum
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1 Introduction

Electrostate Malinda Pty Ltd (Electrostate Malinda), a 100% owned subsidiary of Delta
Lithium Limited (Delta Lithium), is seeking to develop the Yinnetharra Lithium Project (the
Project), located approximately 120 km northeast of Gascoyne Junction, in the Gascoyne
Region of Western Australia. The Project comprises several pending and granted tenements,
with the current mining lease application (M09-185) situated within E 09/2169 (Malinda
Prospect) and E 09/02283 (Figure 1.1).

Two major watercourses occur in the immediate vicinity of M09-185 (Morrissey Creek and
Thirty-Three River), along with numerous minor tributaries and ephemeral claypans.
Therefore, to support environmental approvals for the Project, Electrostate Malinda engaged
Biologic Environmental (Biologic) to complete an ecological survey of these aquatic
ecosystems and provide an assessment of their values (the agquatic ecology assessment). The
Study Area for the aquatic ecology assessment was defined as a 10 km radius from the centre
of M09-185 (Figure 1.2), as any potential direct or indirect impacts to aquatic environments

are most likely to occur within this area.

The overarching objective of the aquatic ecology assessment was to determine the
ecological values of the aquatic habitats within the Study Area and surrounds, which can be
used to support environmental approval applications. Specifically, the scope of works (SoW)

included:

1. A comprehensive two season (post-wet and dry season) survey, including sites
located within and adjacent to the Study Area, as well as reference sites located
elsewhere

2. Processing and identification of all flora and fauna specimens to the lowest
practicable level (species-level, where possible)

3. Provision of IBSA data

4. Preparation of a high-quality technical report, summarising the aquatic ecological

values of the Study Area, suitable for public release (this report).

Key environmental legislation, regulation and guidance relating to aquatic ecosystems

include:
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* Statement of Environmental Principles, Factors, Objectives and Aims of EIA (EPA,
2021)

* Environmental Factor Guideline, Inland Waters (EPA, 2018)

* Environmental Factor Guideline, Flora and Vegetation (EPA, 2016a)

e Environmental Factor Guideline, Terrestrial Fauna (EPA, 2016c)

* Environmental Protection and Biodiversity Conservation Act 1999 (EPBC Act)

* Biodiversity Conservation Act 2016 (BC Act)

« Environmental Protection Act 1986 (EP Act)

e Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC
& ARMCANZ, 2000; ANZG, 2018)

e Rights in Water and Irrigation Act 1914 (WA) (RIWI Act).

The Environmental Protection Authority (EPA) defines Inland Waters as:

“The occurrence, distribution, connectivity, movement
of inland water including its chemical, physical, biological and aesthetic characteristics
(gual (EPA;J018).

The objective of the | nland Watte msint&@in the hywlotogicol a | Fac
regimes and quality of groundwater and surface water so that environmental values are
protected” (EPA, 2018). The EPA is primarily focused on impacts to significant ecosystems. In

relation to arid areas, significant ecosystems include (but are not limited to):

+ wetlands listed in the Directory of Important Wetlands in Australia (DIWA)

« wetlands protected by Environmental Protection Policies under Part Il of the EP Act

« wild rivers, as identified by the Australian Heritage Commission and Department of
Water and Environmental Regulation (DWER)

+ wetland types which may be poorly represented in the conservation reserves system

e springs and pools, particularly in arid areas

e ecosystems which support significant flora, vegetation and fauna species or
communities, including migratory waterbirds, bats, and subterranean fauna

* ecosystems which support significant amenity, recreation, and cultural values.

As well as Inland Waters, the EPA objectives of Terrestrial Fauna and Flora and Vegetation
are also relevant to aquatic systems. The objectiveof Ter r est r i al pFoteatuearestrgl t o
fauna so that biological diversity and ecological integrity are maintained” (EPA, 2016c). The
EPA defines terrestrial fauna as animals living on the land or using land (including aquatic
systems) for part of their lives, and include vertebrates (freshwater fish, amphibians, reptiles,

birds, and mammals) and invertebrates (EPA, 2016c). The objective of Flora and Vegetation is
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t oto protect flora and vegetation so that biological diversity and ecological integrity are
maintained” (EPA, 2016b).

Although there is currently no technical sampling guidance available for Inland Waters, there
is relevant information in the guidance for Terrestrial Fauna and Flora and Vegetation, with
respect to timing, effort and the level of survey. Therefore, the aquatic ecology assessment

was undertaken in accordance with the following guidance and procedures:

» Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZG,
2018)
* Environmental Factor Guideline, Inland Waters (EPA, 2018)
e Technical Guidance, Terrestrial Fauna Surveys (EPA, 2016d)
e Assessing and Managing Water Quality in Temporary Waters (Smith et al., 2020)
e Survey Guidelines for Australia’s Threatened Fi sh:
as Threatened Under the EPBC Act (DSEWPaC, 2011)
e Best practice aquatic fauna sampling as followed during the Pilbara Biological Survey
(Pinder et al., 2010) and National Monitoring River Health Initiative (Choy & Thompson,
1995).
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2 Environment

The Project falls within the Augustus subregion (GAS3) of the Gascoyne biographical region,
as defined by the Interim Biogeographic Regionalisation of Australia (IBRA) (Thackway &
Cresswell, 1995). The Augustus subregion (106,877 km?) covers a significant proportion of the
180,752 km? Gascoyne region, and is characterised by low rugged areas of Proterozoic
sedimentary and granite ranges between broad, flat valleys (Desmond et al, 2003). The
dominant vegetation complex of the Augustus subregion comprises mulga (Acacia spp.)
woodland over spinifex grasses (Triodia spp.) (Desmond et al,, 2003). The Gascoyne River is
the main drainage of the subregion, although the headwaters of the Ashburton and

Fortescue rivers also drain its northern portion (Desmond et al., 2003).

The Gascoyne region has a predominantly arid climate, with hot summers and mild winters.
Total annual rainfall is typically around 200 mm, with most rainfall occurring in the summer
wet season (December to March), as recorded by BoM station 006022 at Gascoyne Junction.
This rainfall is typically associated with tropical low-pressure systems and cyclonic activity
(Dodson, 2009). Winter rainfall also occurs between May and August, driven by cold fronts
moving north easterly across the state (Dodson, 2009). This is when the coldest months
occur , with mean minimum temperatures dropping

season, average maxi mum temper at (BoM,0286)egul arly

The Study Area occurs within the Gascoyne River catchment, which covers an area of
80,390 kmZ2 The dominant watercourse of the catchment is the 865 km long Gascoyne River,
which flows west by south west from the Collier Range inland to Carnarvon on the coast
(Dodson, 2009; Water, 2011). The Gascoyne River is fed by at least 36 tributaries, including
Morrissey Creek and Thirty-Three River, within the Study Area. These tributaries, as well as
the Gascoyne River, are characterised by episodic flows occurring in response to heavy
rainfall events and cyclonic activity, interspersed with extended periods of no flow (Halse et

al., 2000; Water, 2011).

Semi-permanent or permanent river pools are rare but do occur where bedrock prevents
seepage to underlying aquifers, with the largest examples occurring within the main
channeloftheGascoyne River. Many sections of the ri

networks of intermittently flooded claypans (Halse et al., 2000).

www.biologicenv.com.au Yinnetharra Aquatic Ecology Assessment | 16
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Groundwaters within the Gascoyne River catchment generally occur in two distinct aquifers;
a shallow (<12 m thickness) unconfined aquifer within riverbed sands, and an underlying
semi-confined or confined alluvium aquifer comprised of coarse gravel and sand, and non-
permeable clay layers (Dodson, 2009; Water, 2011). The riverbed sand aquifer hosts fresh
groundwater and is recharged during intermittent river flow events. This in turn recharges
the alluvium aquifer below, which has a maximum thickness of 68 m (Dodson, 2009; Water,
20M).

www.biologicenv.com.au Yinnetharra Aquatic Ecology Assessment | 17
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3 Methods

311 Survey and Laboratory Team

Field surveys were conducted by aquatic ecologists Jess Delaney (Principal Aquatic
Ecologist), Fintan Angel (Senior Aquatic Ecologist), Christopher Hofmeester (Principal
Aqguatic Ecologist), Courtney Wilkins (Aguatic Ecologist), and Shae Surman (Aquatic
Ecologist). All members of the field team have extensive experience undertaking aquatic
ecosystem surveys throughout Western Australia, with a combined experience of over 50
years (Table 3.). Invertebrate and flora specimens were identified in-house by qualified
taxonomists and botanists. Genetic analysis was undertaken in-house on select specimens

by experienced geneticists (Table 3.1).

Table 3.1: Project personnel and experience

Personnel Role Qualification Experience
BSc (Hons)
Jess Delaney Field Survey Environmental 23 years’' aqu
Principal Aquatic Technical Guidance Science ecology
Ecologist | Manager of ~ and Quality Assurance  Zoology and Land 20 years’' con
Aqguatic Ecology Senior Peer Review and Water 23 yearsurvef i e
Management
- A | Project Management BS
|nt§n nge. Field Survey c. 12 years aqu
Senior Aquatic Environmental 12 years'’ con
. Invertebrate IDs . .
Ecologist i Biology 12 year's fie
Reporting
Chris Hof Field Survey BSc (H 1% '
.I’IS. o meestér Phytoplankton IDs C.( ons) year s ' aquat
Principal Aquatic Environmental l4years consu
. Invertebrate IDs . , .
Ecologist ] Biology 12 year’'s fie
Reporting
. BSc (Hons)
. Field Survey 5 ear s’ agqua
Courtney Wilkins Samble Processin Conservation and 5 y cars’ ¢ 2 ns
Aquatic Ecologist P 9 Wildlife Biology y ' )
Invertebrate IDs . . 5 year's fiel
BSc Marine Science
BSc
Field Surve i '
Shae Surman Y . Zo.ology and Marine 2 years aqua
. . Sample Processing Science 2 years’ cons
Aquatic Ecologist , .
Data Management BSc (Hons) 2 year's fiel
Zoology
) BSc
Dr Mahabub Rahman  Sample Processing Fisheries 11 years’ aqu
Aquatic Ecologist / Invertebrate IDs MS 2 years’' cons
. c .
Geneticist Genetic Analysis year's fiel

www.biologicenv.com.au

Fisheries Technology

Yinnetharra Aquatic Ecology Assessment | 18


file:///C:/Amcer/TriCon/Clients/Formatting%20-%20Templates%20A%20to%20G/Distl/Biologic/Biologic%20Finalised/www.biologicenv.com.au

Biologic

ENVIRONMENTAL
SURVEY

Personnel Role Qualification Experience
PhD

Environmental and
Conservation

Sciences
Vanessa Nici . BSc (Hons) 8 years’' aqua
i i Sample Processing | dwildlife 8 y e aansultin
Senior Aquatu: Taxonomic IDs Zoology and Wildlife y g _
Ecologist Management 3 years’' fiel
PhD Molecular
Dr Joel Huey Ecology 18 years’ mol
Principal Geneticist | Genetic analysis BSc (Hons) Environ ecology
Manager of Molecular ’ 4 years’' cons

Science Ecology and

Systematics .
4 Conservation

18 years’' fie

PhD Environmental
27 years’' bot

Dr Rachel Meissner Ri i f D Science g
iparian flora IDs ear s’ cons
Senior Botanist P BSc Environmental y .
. 25 years’' fie
Science

3.1.2 Survey Licences

Aqguatic fauna sampling was conducted under DBCA Fauna Taking (Biological Assessment
Regulation 27) Licence BA27001076, and Department of Primary Industries and Resource
Development (DPIRD) Instrument of Exemption to the Fish Resources Management Act
1994 Section 7 (2) EXEM251252424, both issued to Jessica Delaney (Table 3.2). Flora was
collected under DBCA Flora Taking (Biological Assessment) Licence FB62000703, issued to
Fintan Angel (Table 3.2).

Table 3.2: Licence and exemption information

Type Licence Number Valid Issued To
DBCA Fauna Taking BA27001076 19/06/2024 —
(Biological Assessment 18/06/2025 Jessica Delaney
Regulation 27)
16/05/2022 - A
DBCA Flora Taking FB62000095-2 15/05/2025 Jessica Delaney
(Biological Assessment 106/
Regulation 62) 26/06/2024 — ;
FB62000703 25/06/2027 Fintan Angel
DBCA Authorisation to
. 21 2023 — .
Take or Disturb TFL193-2122 /06/2023 Jessica Delaney
30/06/2025
Threatened Flora
DPIRD Instrument of
Exemption to the Fish 18/06/2024 - .
EXEM251252424 Del
Resources o125 15/06/2026 Jessica Delaney

Management Act

www.biologicenv.com.au Yinnetharra Aquatic Ecology Assessment | 19
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Type Licence Number Valid Issued To
DPIRD Licence to use

: S 01/01/2022 - . :
animals for scientific U244/ 2022-2024 31/12/2024 Biologic
purposes

313 Survey Timing, Weather and River Conditions

The field survey comprised two sampling events. The post-wet season survey (hereafter
referred to as Wet 2024) was undertaken between the 13" and 16" July 2024. Average
maximum temperature (23.2°C) in July 2024 was 0.7 °C warmer than the long-term average
maximum for the month. There was 70 mm of rainfall recorded at Gascoyne Junction
(Gascoyne Junction BoM station 006022) in the three months preceding the Wet 2024

survey, with above average rainfall recorded in June 2024 (37mm) (Figure 3.1).

The dry season survey (Dry 2024) was undertaken between the 215t and 25% of October 2024,
when average maximum daytime temperatures (33.7°C) were above the long-term average
maximum temperature for October (28.3 °C). Total rainfall in the month preceding the Dry
2024 was 12.6 mm (Gascoyne Junction), compared to the long-term average of 29 mm
(Figure 3.1). Other nearby rainfall stations also recorded above average rainfall for September
2024, with Mt Augustus (007208) recording 32 mm (long-term average 6 mm) and Lyons

River Airstrip (006112) recording 10.6 mm (long-term average 3.7 mm).

Between the 1t of January and July 13, 2024, Yinnetharra Crossing (DWER Gauging station
(GS) 704195) recorded three relatively large flow events (Figure 3.2). The largest flow event
was recorded in March (maximum daily discharge 6,459 ML), followed by May (maximum
daily discharge 2,993 ML), and then late-June (maximum daily discharge 1,026 ML). This
resulted in surface water being present in the form of isolated pools on Morrissey Creek,
Thirty-Three River and Thirty-One River (located to the west of the Study Area) at the time of
the Wet 2024 survey, with claypans in the Study Area also holding water. One notable flow
event occurred at Yinnetharra Crossing between the Wet 2024 and Dry 2024, when a
maximum daily discharge of 1,104 ML was recorded on September 28t (Figure 3.2). This likely
topped up remnant surface waters, with several isolated pools remaining on Morrissey Creek
and Thirty-Three River within the Study Area, although Thirty-One River and the claypans
were dry by the time of the Dry 2024 survey. Survey timing followed best practice
methodology, ensuring sampling was conducted approximately two weeks post-rainfall /

flow events to allow for ecosystem recovery and maturation of aquatic biota.

www.biologicenv.com.au Yinnetharra Aquatic Ecology Assessment | 20


file:///C:/Amcer/TriCon/Clients/Formatting%20-%20Templates%20A%20to%20G/Distl/Biologic/Biologic%20Finalised/www.biologicenv.com.au

ENVIRONMENTAL
SURVEY

\w . .
4 Biologic

Temperature (°C)
- — ] w iy wn
tn O un O m (@] Lt.ﬁ @] ﬁ @]
Rainfall (mm)

r],')‘ Ix n}!

v
N © N 5 ) S X o3 Q
S A AR SN G B G R MR S A
i LTA rainfall (mm) (1907 to 2024) Total rainfall (Oct 2023-Sep 2024)
——LTA max temperature (°C) 1940 to 2024 --=--Mean max temp (Oct 2023-Sep 2024)

—=—LTA min temperature (°C) 1940 to 2024 ---Mean min temp (Oct 2023-Sep 2024}

Figure 3.1: Total and long-term average monthly temperature ( C) and rainfall (mm) recorded

from the Gascoyne Junction BoM GS in the months preceding the aquatic ecology assessment
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Figure 3.2: Total streamflow (ML) recorded from Yinnetharra Crossing (DWER GS 704195) in the

months preceding the aquatic ecology assessment
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3.1.4 Sites and Sampling Design

A total of 15 sites were sampled during the aquatic ecology assessment, including 10 sites

within the Study Area, and five sites outside / upstream of the Study Area. Sites within the

Study Area included:

Four sites on Morrissey Creek (MC2, MC3, MC4 and MC5)
Three sites on Thirty-Three River (33R0, 33R1, 33R2)
Three claypans (CP-1, CP-2 and CP-3)

Additional sites outside / upstream of the Study Area included:

One site on Morrissey Creek upstream (to the north west of) the Study Area (MCJ)
Two sites on Thirty-One River to the west of the Study Area (31R1 and 31R2)
Two sites on the Gascoyne River, outside and upstream of any granted or pending

tenements (GRR1 and GRR2) (Table 3.3, Figure 3.3).

As the positioning of mining pits and infrastructure was largely unknown during survey

planning, sites were selected to:

Target optimum areas of persistent aquatic habitat, including pools which may be semi-
permanent or hold water for extended periods
Provide geographical spread throughout the Study Area to allow for an accurate

representation of ecological values and species present

Provide information on regional ecological valuesands peci es’ distributions

Study Area. This is particularly necessary when significant species are recorded within
the Study Area
Provide timely and safe vehicular access during the surveys, using existing tracks visible

on satellite imagery.

Surface water was present at 13 of the 15 sites visited during the Wet 2024, and eight of the

15 sites in the Dry 2024 (Table 3.3). The full suite of aquatic ecological sampling components

(see Section 3.1.5) was achieved at all sites holding surface water, while at dry sites, riparian

flora was sampled, and sediments were collected for rehydration emergence trials (Table 3.3).

www.biologicenv.com.au Yinnetharra Aquatic Ecology Assessment | 22

(


file:///C:/Amcer/TriCon/Clients/Formatting%20-%20Templates%20A%20to%20G/Distl/Biologic/Biologic%20Finalised/www.biologicenv.com.au

Biologic

ENVIRONMENTAL
SURVEY

Table 3.3: Sampling site information

Surface Water

Surface Water

Study Area Tenement Latitude Longitude Present Wet Present Dry
2024 2024
MC1 Outside E 09/2716 -24.4294767 1161975229 X
MC2 Inside E 09/2169 -24.4640674 116.219599 X X
. ) Adjacent/downstream of
Morrissey Creek MC3 Inside -24.5279626 116.1974347
E 09/2169
MC4 Inside Downstream of E 09/2169 -24.5318254 116.1975466
MC5 Inside Downstream of E 09/2169 -24.5350211 1161959892
Thirty-One 31R1 Outside E 09/2545 -24.4433891 16.0244743 X X
River 31R2 Outside E 09/2621 -24.466841 116.1007434 X
CP-1 Inside E 09/2283 -24.5442022 116.2506208 X
Claypan CP-2 Inside E 09/2283 -24.5392785 116.2788284 X
CP-3 Inside E 09/2169 -24.492668 116.2446396 X
33RO Inside Downstream of E 09/2283 -24.5591123 116.251919
g"rty e 33RI Inside Downstream of E 09/2283 -24.5560513 1162471897
iver
33R2 Inside Downstream of E 09/2283 -24.5546926 116.2347518
GRRI Outside Downstream of E 09/2170 -24.6615287 116.1811873
Gascoyne River
GRR2 Outside Downstream of E 0902170 -24.6581348 116.175299
Total number with surface water (full suite) 13 8
Total number of dry sites (rehydrates and flora only) 2 7

www.biologicenv.com.au Yinnetharra Aquatic Ecology Assessment | 23
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315 Sampling Components and Rationale

The EPA has not yet developed prescriptive technical guidance for aquatic ecosystems in
Western Australia. For aquatic ecology surveys in arid zones, ANZG (2018) and Smith et al.
(2020) recommend sampling multiple lines of evidence across the pressure-stressor-
ecosystem receptor causal pathway to provide confidence in survey conclusions. Therefore,

the following environmental and biological indicators were sampled as part of the Survey:

» Habitat characteristics

* Water and sediment quality

e Phytoplankton (algae)

¢ Aquatic macrophytes

 Dominant riparian flora

e Hyporheic fauna

e Aquatic invertebrates

* Invertebrate egg banks at dry sites (rehydration emergence trials)
» Fish

+ Other aquatic/semi-aquatic vertebrate fauna.

The rational for selection of these is provided in Table 3.4 below. Detailed descriptions of the

field and laboratory methods are provided in Appendix A.

Table 3.4: Description of the components sampled during the aquatic ecology assessment

Component Rationale

Qualitive assessment of features such as aquatic macrophyte beds,
algae, detritus, large woody debris (LWD) and inorganic sediments

Habitat characteristics provides information on the variability of aquatic habitats present at
each waterbody, and assists in explaining patterns in aquatic fauna
assemblages.

Sampling of parameters such as pH, salinity, major ions, nutrients and
metals in water and sediments provides a direct indication of
environmental quality, and are key factors influencing the richness and
composition of aquatic fauna and flora communities in waterways.

Water & sediment quality

In aquatic systems, phytoplankton have several important roles
including primary productivity (photosynthesis and nutrient cycling)
and the provision of a food source for higher order consumers (Bunn et

Phytoplankton (algae) al., 2003; Sainty & Jacobs, 2003). Phytoplankton also demonstrate
seasonal succession of species, depending on trophic status and
nutrient availability, and therefore, make useful indicators for
ecosystem health assessments.

Aquatic macrophytes include aquatic plants which grow either fully
submerged (submerged macrophytes) or partially to fully emersed
(emergent macrophytes). Aquatic macrophytes are key primary
producers in aquatic ecosystems, oxygenating the water via

Aquatic macrophytes
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Component Rationale

photosynthesis, cycling nutrients, and providing habitat and a food
source for many aquatic animals (De et al.,, 2019; Spoljar et al., 2012;
Thomaz & Cunha, 2010).

Sampling of riparian flora allows for identification of species which
indicate association with groundwater (groundwater dependent
vegetation; GDV) as well as priority flora as listed under the BC Act and
the DBCA’'s priority f1l or a hdalthsdf.ripafan
vegetation at a waterbody can provide an indication of impacts such as
groundwater drawdown, erosion and livestock access.

Riparian flora

The hyporheic zone represents the saturated portions of streambeds,
often comprising a mixture of percolating surface water and upwelling
groundwater (Boulton, 2001). The interstitial spaces between
sediments provide habitat for both juvenile stages of surface water
fauna, as well as permanent / obligate groundwater fauna (stygofauna).
Presence of the latter in the hyporheic zone suggests connectivity
between ground and surface water, and the presence of. groundwater
dependent ecosystems; GDEs.

Hyporheic fauna

Aqguatic invertebrates, which typically include crustaceans, insects,
worms and mites, are commonly used as indicators of the health of
aquatic ecosystems (Chessman, 1995). They are ubiquitous, abundant
and respond predictably to environmental change (Cain et al., 1992;
Chessman, 2003). Abrupt changes to water quality, loss of aquatic
vegetation and changes to streamflow, among other factors, all
influence invertebrate richness and commmunity composition (Connolly
et al.,, 2004; Dunlop et al., 2005; Nielsen et al., 2003; Shrivastava, 2020).

Aguatic invertebrates

Aquatic biota of arid zones can often produce desiccation-resistant
eggs or propagules (resting stages), which enable them to persist in the
ecosystem even if waterbodies dry out completely. Flooding of
sediments collected from dry sites under laboratory conditions
(rehydration emergence trials) can induce the hatching of these resting
stages, allowing assessment of aquatic ecosystem values in the
absence of surface water (Smith et al., 2020).

Rehydration emergence
trials

Fish complete their entire life-cycles in water, and therefore,
assessment of fish diversity, abundance and life-history provide a direct
indication of water quality, habitat variability, and overall ecosystem
Fish health. In particular, the presence of newly-recruited or juvenile fish in
a waterbody can suggest breeding conditions are optimal, driven by
good water quality and ample habitat for fish (Allen et al., 2002; Morgan

& Gill, 2004).

Direct observation of other fauna during surveys provides an indication
Other fauna (direct of the types of animals which utilise waterbodies on a regular or semi-
observation) regular basis. Fauna such as turtles and pythons are top-level predators

and provide an indication of the health of a waterbody.

3.21 Water and Sediment Quality

Water quality data were compared against the national default guideline values (DGVs) for

the protection of aquatic ecosystems in the tropical north-west of Western Australia (ANZG,
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2018) (see Appendix B). Electrical conductivity (EC), turbidity, pH, DO, total nitrogen (total N),
total phosphorous (total P), nitrogen ammonium (N_NH.) and nitrogen oxides (N_NOy) were
compared against stressor DGVs for slightly-moderately disturbed ecosystems in tropical
northern Australia, while analytes that can be directly toxic to aquatic biota, including
nitrogen ammonia (N_NHz), N_.NOz and dissolved metals were compared against the 95%
species protection DGVs (except some potentially bioaccumulating metals, such as
selenium, where 99% species protection DGVs were applied). The 95% DGVs were deemed
appropriate, as aquatic ecosystems of the Study Area already receive impacts from
unrestricted livestock access, weed growth, vehicle tracks and groundwater abstraction for

farming activities (i.e. aguatic systems are not in pristine condition).

Sediment quality data were compared against the sediment guideline values (GVs) and
guideline values-high (GV-High). The former indicates concentrations in sediments may pose
arisk to aquatic biota, while the latter suggest that impacts to biota may already be occurring

(ANZG, 2018).

3.2.2 Macrophytes and Dominant Riparian Flora (Classification of GDV)

The classification of groundwater dependant vegetation (GDV) in Western Australia is broad
and lacks a clear definition or repeatable framework between scientists. Loosely, GDVs are
often considered to include obligate phreatophytes such as Eucalyptus camaldulensis and
Melaleuca argentea. While this broadly outlines the potential for GDV, it is too broad, and
lacks application that would highlight areas of higher GDV importance. When additional
hydrophytic and mesophytic species are considered, it can give a more detailed picture of

the nuances that is GDV.

To create a streamlined approach to GDV classification, Biologic has defined an assessment
framework to apply to their projects. This assessment is a combination of botanical expertise
based on years of field experience in riparian environments, papers and presentations on
GDVs and conversations with other botanical and ecohydrological experts. This assessment

framework is provided as Appendix D.

Generally, this framework defines the presence of GDV and then rates the dependence on
groundwater through species composition and density cover. This dependence rating is
based on a five-point scale; High, Moderate, Low, Negligible and None. The classification of
“Hi gh’ indicates high soil moi sture availabil:i
confirmed by the taxa present. Classification

more likely to be ephemeral. Negligible to None refers more to the riparian systems that
would rely on surface flows to support habitat. The GDV assessment framework considers

the following factors:
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* The presence, density and maturity of four key indicative phreatophytes; Melaleuca
argentea  (obligate  phreatophyte), Eucalyptus camaldulensis  (facultative
phreatophyte), Eucalyptus victrix (facultative phreatophyte to vadophyte) and Sesbania
formosa (obligate to facultative phreatophyte).

» The presence, diversity and density of indicative hydrophytes and mesophytes and their
relative reliance on groundwater (Appendix D).

e The structure of the vegetation with respect to obligate phreatophytes, facultative
phreatophytes, hydrophytes and mesophytes. For example, a woodland of Eucalyptus
camaldulensis is more dependent on groundwater presence (the woodland structure
requires more groundwater for persistence) compared to scattered trees.

* The presence of water bodies and an assessment of their permanence.

» Broad understanding on the geology and creek morphology (i.e., presence of calcrete

which may be slowly leaking groundwater into the creek).

It should be noted that a GDV unit may be assigned an overlapping rating (e.g., Moderate to
Low) due to the presence of semi-mature obligate phreatophytes, increased diversity or

varying densities of mesophytes and hydrophytes across the GDV unit.

3.2.3 Hyporheic Fauna Classifications

All invertebrate taxa recorded from hyporheic samples were classified using Boulton (2001)

categories:

+ Stygobite — specialised groundwater species which complete their life cycle
exclusively in subsurface water. Stygobites have special adaptations to survive
subterranean environments, such as small size, elongated body, lack of eyes, and loss
of body pigmentation.

e Permanent hyporheos stygophiles — consists of organisms which can spend their
entire life cycle in subsurface environments, and are permanent inhabitants of river
interstices.

e Occasional hyporheos stygophiles — comprises mainly benthic invertebrates which
reside in the hyporheic zone, but which can also spend all their life in the surface
environment. They use the hyporheic zone seasonally to avoid droughts or spates, or
during early life history stages.

* Stygoxene—organisms that have no affinity for groundwater environments and occur

in the hyporheic zone randomly.

Additionally, one further hyporheic classification was imposed:
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* Possible hyporheos stygophile — likely to represent hyporheic fauna, but due to

taxonomic resolution or a lack of ecological information this cannot be stated with

certainty.

3.2.4 Assessment of Significance

All fauna and flora collected were compared against appropriate threatened and priority
species lists including the BC Act, Matters of National Environmental Significance (MNES)
under the Environment Protection and Biodiversity Conservation (EPBC) Act 1999 and
Priority species recognised by the Department of Biodiversity, Conservation and Attractions
(DBCA) (see Appendix C). In addition, fauna species were assigned to one of the following

conservation categories based on species’ distributio

*» Cosmopolitan —species is found widely across the world.

* Australasian — species is found across Australia, New Guinea and neighbouring
islands, including those of Indonesia.

* Australian endemic —species is only found in Australia.

* Northern Australia —species with distributions across the northern, tropical regions of
the Australian continent.

¢ North-western Australia —found across northern WA, including the Gascoyne, Pilbara
and Kimberley regions.

 Western Australian endemic — only known from WA (is restricted to, but is widely
distributed across the state).

* Gascoyne endemic - restricted to the Gascoyne region of WA,

* Short range endemic (SRE) — an SRE is a species occupying an area of less than
10,000 km? (Harvey, 2002).

3.2.5 Univariate Statistics

Univariate statistics was undertaken on macroinvertebrate richness in the statistics software

R (R Core Team, 2024). Two-way ANOVA was conducted to determine whether there were

any significant differences in richness between site types (Claypan, Morrissey Creek, Thirty-

Three River, Thirty-One River, Gascoyne River) and seasons (Wet 2024, Dry 2024).A Levene’' s
test was used to assess the equality of variances prior to analysis, and data transformed
appropriately, where required. In the case of overall significant

hoc test was utilised to locate differences between site types.
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4 Results and Discussion

411 Morrissey Creek

During the Wet 2024, waterbodies at Morrissey Creek (MC1, MC3, MC4 and MC5) were long
(B0 — 100 m), moderately deep (1 —2 m) pools, typically situated at the base of small rocky
outcrops (Table 4.1). The riparian zone at each site comprised scattered Eucalyptus
camaldulensis, over sparse Acacia sp. and fringing grasses (Table 4.1). During the Dry 2024,
surface water was only present at MC3, MC4 and MC5, all of which had receded between the
surveys (10 — 100 m long, 0.3 — 1.5 m deep). All sites were impacted by cattle (damaged
vegetation, riverbank erosion), which have unrestricted access to the creekline. The
composition of benthic substrates at Morrissey Creek was dominated by coarse sand,
overlying bedrock in some places, which likely prevents some loss of surface water to the
underlying aquifer. Overall, in-stream habitat diversity at Morrissey Creek sites was relatively
low, mainly consisting of inorganic substrates and detritus (leaf litter), with algae also

relatively abundant, particularly at the receded pools in the Dry 2024 (Figure 4.1).

412 Thirty-One River

During the Wet 2024, only one site held water on Thirty-One River (31R2), which was a small
shallow pool with habitat composed almost entirely of inorganic sediment and sand (Figure
4.1, Table 4.1). In the Dry 2024, this site had completely dried. 31R2 was impacted by cattle and

weeds (Mexican poppy; Argemone ochroleuca).

413 Thirty-Three River

In the wet season, Thirty-Three River sites (33R]1, 33R2) were characterised by long (250m+),
wide (35m+), shallow pools (approx. Im depth) (Table 4.1). In-stream habitat diversity was low,
dominated by sandy sediment and minimal aquatic vegetation. During the dry season, the
pools shrank significantly, and site 33RO (upstream of 33R1) was sampled as a substitute for
33R2, which had almost entirely dried and was not deemed a representative sample. This
reduction in available water led to an increase in aquatic macrophyte and bedrock cover, as

water became concentrated in small rockpools amongst the bedrock.

41.4 Claypans

Claypan sites (CP-1, CP-2, CP-3) only held water in the wet season and were dominated by
clay substrate (Figure 4.1). All three sites were less than 30 cm deep, but ranged from 22 m

(CP-2) to 1M1 min length (CP-3) (Table 4.1). These claypans were fringed by Acacia species and
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some grasses, but were generally sparser than that river sites, and all had evidence of impacts

from cattle.

415 Gascoyne River

The Gascoyne River pools were large and wide, being approximately 200 m long and 50 to
80 m wide, maintaining a depth of around 2 m in both seasons (Table 4.1). The substrate
consisted of roughly 50% inorganic material, primarily a mix of bedrock and sand, with
extensive beds of submerged macrophytes that remained consistent across seasons (Figure
4.1). The banks were lined with mature Eucalyptus and Melaleuca species, as well as fringing
grasses. However, there was evidence of human and cattle impacts, including reduced bank

stability and noticeable erosion.
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Table 4.1: Sampling site photographs and descriptions

System | Site Study Area Wet Season Photo Dry Season Photo Description

e Surface water not present either season

33R1 Outside « Limited riparian (Eucalyptus, fringing grass and introduced weeds)
» Cattle disturbance
o
2
(ad
0]
cC
Q
>
s
E e Surface water only present during the wet season
* Very small pool —=8 m in length x 3 m in width, less than 50 cm deep
* Algal blooms present
33R2 Outside + Cattle disturbance

* In-stream habitat limited to inorganic sediments (pebbles, gravel and coarse sand) and some algae and detritus
e Limited riparian zone (Eucalyptus, fringing grass and introduced weeds)
» Pool likely rainwater fed and did not persist between seasons.

* Not sampled in the wet season, sampled as replacement for 33R2 in the dry season
e Shallow long pool =49 m in length x 6 m in width, less than 50 cm deep

33RO Inside Not sampled « Emergent and submerged macrophytes

« Cattle disturbance, introduced weed species

* In-stream habitat consisting of bedrock and sand

e Large permanent or semi-permanent riverine pool

*  Wetseason; 400 m in length x 70 m wide 1.7 m depth
e Dryseason; 70 min length x 50 m wide 0.5 m depth
33RI Inside » Site held water between seasons, however highly reduced in the dry 2024
* Sediment made up of a mixture of bedrock, clay and sand

» Cattle disturbance and significant bank erosion
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Study Area Wet Season Photo Dry Season Photo Description

Large semi-permanent riverine pool
*  Wetseason; 250 m in length x 37 m wide. 1.1 m depth
e Dryseason; 8 minlength x1m wide. 20 cm depth

33R2 Inside » Site held water between seasons, however very highly reduced in the dry 2024

e Sediment made up of sand gravel
e Some aquatic macrophytes present in the wet season, not present in the dry season
» Cattle disturbance and significant bank erosion

 Ephemeral riverine pool

*  Wetseason; 79 min length x 18 m wide. 1.1 m depth
e Dryinthedryseason

+ Bedrock and sand substrate

MCI1 Outside
+ Site did not persist between seasons
* No aquatic macrophytes present
e High impacts from cattle
X
[0)
8 e Surface water not present either season
% MC2 Inside e Limited riparian
i » Cattle disturbance
g « High weed presence
>
e Semi-permanent riverine pool on bedrock against small rocky outcrop
«  Wetseason; 106 m in length x 38 m wide. 1.9 m depth
e Dryseason; 27 min length x 14 m wide. 1.5 m depth
MC3 Inside + Reduced between seasons

* High cattle impact between seasons
» Obvious algal bloom in the dry season
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Study Area Wet Season Photo Dry Season Photo Description

* Riverine pool

*  Wetseason; 116 m in length x 49 m wide. 1.1 m depth
e Dryseason;13 min length x 17 m wide. 1 m depth

* Highly reduced between seasons

MC4 Inside
* High cattle impact
e Submerged aguatic macrophytes present
e Riverine pool
*  Wetseason;170 m in length x 28 m wide. 1.1 m depth
e Dryseason;10 min length x 8 m wide. 0.3 m depth
MC5 Inside « Highly reduced between seasons
» Majority of in-stream habitat sand and detritus
+ Cattle impacts
+ Claypan
« Wetseason; 78 m in length x 41 m wide. 0.3 m depth
 Dryinthedry season
CP-1 Inside «  Some macrophyte present
» Cattle impacts
e Human alteration (farm dam)
c
@©
o
>
©
O
+ Claypan
*  Wetseason; 22 m in length x 18 m wide. 0.3 m depth
CP-2 Inside

e Dryinthedryseason
« Large diverse riparian zone
» Cattle impacts
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Study Area Wet Season Photo Dry Season Photo Description

e Claypan
* Wetseason; 111 min length x 72 m wide. 0.5 m depth
CP-3 Inside + Dryinthe dry season
» Cattle impacts
* Limited riparian vegetation
e Large permanent pool
*  Wetseason; 180 m in length x 53 m wide. 1.6 m depth
) e Dryseason; 154 min length x 26 m wide. 2 m depth
GRRI Outside + No significant water level changes between seasons
* High abundance of macrophytes present
e Cattle and erosion impacts
)
2
a4
[0)
S
o
9]
[}
@©
O e Large permanent pool
*«  Wetseason; 280 m in length x 88 m wide. 1.4m depth
GRR2 Outside e Dryseason; 156 min length x 96 m wide. 1.5 m depth

* No significant water level changes between seasons
* High abundance of macrophytes present
« Cattle and erosion impacts
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Figure 4.1: Habitat parameters recorded in each season
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All raw water quality data are provided in Appendix E.

421 Insitu

Surface waters across the Study Area were considered circum-neutral to basic, with pH
ranging from 6.76 at MC3 in the Wet 2024, to 9.0 at 33R1 in the Dry 2024 (Figure 4.2). In the
wet season, all Study Area sites recorded pH within the ANZG (2018) DGVs, while outside of
the Study Area, both Gascoyne River sites recorded pH above the upper ANZG (2018) DGV
(GRR1=8.19, GGRR2 = 8.18). All sites recorded pH values above the upper DGV in the Dry 2024,
except 33R2 (7.9). Basic waters are common in Gascoyne and Pilbara regions, especially in

groundwater-fed and e