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EXECUTIVE SUMMARY

This report summarises the results of a baseline sampling program for aquatic ecosystems of the Robe
River system, both upstream and downstream tbe proposed Mesa H iron or@&evelopment
Othet NP 2, $anagedby Rio Tinto on behalf of the Proponent (Robe River MinirgtZhbtd)in the
West Pilbara region of Western AustraliaThe aim of the sampling program was to document the
current ecologicatondition of the Robe River prior to theaplementation of the Mesa H development
which will require dewatering andsurplus water dischargewvhich will result in a surface diseinge
footprint along the Robe RiverThe baseline surveycluded a number ohamed permanent pools in
the Project are&known tohaveecological and cultural value, suakGnieraoora (oDthuluraf) at Yeera
Bluff. This report also includes a review of previous aquatic fauna surveys of the RoheaRik@her
nearby systems €.g. Bungaroo Creek, Jimmawurrada Creek and Mungarathoona Creehyding
conservation significanspecies known taoccur in thevicinity of the Project area which provides
regional context for the sampling program.

The sampling design included siesilowngradient of theconfluence of Jimmawurrada Creek and the

Robe River (immediately upstream of the existing Mesa J operdRRID 1 6), which ardikely to fall

within the zone of dewatering dischargee(WLJ2 G Sy G Al f f @8 SELRE@RURE) locatedi S& 0 X
upstream ofthe confluence(i.e. WNB F S NB y SiteQwerd suivByad) dbring the late wet season
(April/May) 2016. The permanency and consistency of flow in the Robe Rivaireadyinfluenced by
groundwater abstraction and dewating discharge from thexisting Mesa thine operation and so the

current sampling progrardocumentsd O dzNNB y (i ¢ S O2ho2eARONIK | 2 ViR A i AN f ¢
Water quality, microinvertebrates (pplankton), hyporheic faunanacroinvertebratesand fishwere
successfully sampled atich of the 12 sites.

The main findings of the baseline survey were:

1 Water quality was highly variable amongst sites, with salinity levels rarfgorg fresh
(592n8/cm) to brackish (1,7086/cm), pH from circumeutral (6.9) to slightly alkaline (7.9) and
dissolved oxygen from hypoxic (14.5%) to supersaturated (134.9%). There were no obvious
longitudinal gradientsn water quality parametersipstream or downstreamdte RR6 (~1 km
upstream ofthe JimmawurradeRobe confluencg and the downstream sites tended to have
higher salinity (aslectrical conductivityand total dissolved solids alkalinity, hardness and
concentrations of associated ions, than sites upstreg®ome of thisvariability was attributed
to differences in volume of the remnant pools sampled and evapoconcentratieetefunder
recessional flows,however, higher concentrations of some ions downstream of the
JimmawurradaRobe confluence(most notably magnesiumand sulfate) was considered a
possible artefact ofurrentminingoperations.

1 Exceedanceof ANZECC/ARMCANRD00) defaulttrigger valuesfor the protection of 95% of
species in slightiyjnoderately disturbed tropical northern Australian systems wezeorded for
nitrogen nutrients (Ntotal, NNNQ, and N-NH;) at most sites upstream and downstream of the
JimmawurradaRobe confluence. Elevated background levels -0f(y and NNH; within the
Project area are unsurprisingiven that the Robe River catchment is already éffddy current
and historic pastoral practices, with groundwaters also appearing to be enricBen/atedN-
total and NNQ, downstream of the Jimmawurradlobe confluence may also reflect discharge
of nitrogenenriched groundwater fromexisting mine operidons, though the relative
contribution of anthropogenic and natural sources to nitrogen enrichment in surface and
groundwater of the Project area is unknowihe majority ofheavy metal analytg, with the
exception of dissolved zinc &@RU5 and RRP@id not exceedANZECC/ARMCARKZD00)default
95% trigger valugin theProject area

1 A total of 81 microinvertebrate taxa were recorded from the Project area, of which 46 were
present at potentially exposed sites downstream of the JimmawurRdbe confluenceand 69

Vil
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were recorded at upstream reference sites. The microinvertebrate fauna was generally typical
of that commonly recorded from tropical/suipopical freshwater systems, comprisiiyotista,
Rotifera, Copepoda, Cladocera (water fleas) and Ostratsmdal shrimp)with species from the
family Lecanidae dominating within the Rotifera. There were no significant differences in total
mean microinvertebrate taxa richness between reference and potentially exposed sites, nor was
there any significant diffemce in richness of any of the major microinvertebrate groups
(protists, rotifers, micrecrustaceans) between thesgtes One microinvertebrate species listed

for conservation significance, the copepdtbdiaptomus lumholtz{IUCN Vulnerablg, was
recordedat potentially exposed site RRD®&he conservation listing of this speciesagisidered

in need of revisiomecausdt is known to occur at numerous locations across the Pilbara region,
including sites along the Fortescue River, CoondifGeeek, Kalgan Creek, Weeli Wolli Creek,
Mindy Mindy Creek, Koodaideri Springs, Caves Creek, Duck Creek and the Cane River, as well as
Papua New Guinea.

1 A total of 59 taxa were recorded from hyporheic samples, the majority of which were species
not specidly adapted to groundwater enviranents (stygoxene).Of these 59 taxa8% were
considered stygobitic (obligate groundwater inhabitants), 31% occasional hyporheic stygophiles
(species that use the hyporheic zone seasonally or during early life historysktage 2%
possible hyporheic taxa. There were no obvious longitudinal gradients or patterns in hyporheic
taxa richness between reference and potentially exposed sites, though hyporheic taxa richness
was relatively high at RRD1, RRU6, RRD2 and RRU4stisigggeong connectivity between
ground and surface waters at these sitesStygobitic taxa collected included the amphipod
Nedsiasp., the thermosbaenaceaHalosbaena tulkiand the ostracod€Candonopsisf. tenuis
and Vestalenulanarmonieri. Of these Nedsiasp. is considered potential short renge endemic
(SRE) speciedNedsiasp. wascollected from sites potentially exposed to dewateritigcharge
(RRDX 4), as well as upstream reference sites (RRU3, RRIRRUG)

1 A total of 48 macroirvertebrate taxa were recorded from surface wat€id 7 from upstream
reference sites, and 116 from downstream potentially exposed sit@#), composition typical
of freshwater systems throughout the world, being dominated by Iteseio particular Diptera
(trueflies) and Coleoptera (aquatic beetles)There were no clear upstreamdwnstream
gradients in macroinvertebrate richness within tReoject areawith no significant difference in
mean total taxa richnesgr mean richness of most major macroinvelorate groups, between
reference and potentially exposed sites.  Similarlyultivariate analysis detected no
distinguishable separation of reference or potentially exposed sites based on macroinvertebrate
species assemblage structure.One macroinvertebre species listed for conservation
significance, the Pilbarpin damselflyEurysticta coolawanyalilUCNNear Threatene)l] was
recorded at potentially exposed downstream sites RRD3 and . RRD4

1 Atotal of3,515 individual fish, representing 11 species, wexrdedin the Project area True
freshwater species included western rainbowfigpangled perchPilbara tandan (edhiled
catfish) Fortescue grunterbarred grunter, Terapontidae (grunter) hybrids and bony bream.
Estuarinefmarine vagrant fish spess included milkfishtarpon/ox-eye herring, mullet and
banded scatétriped butterfish the majority of which were recorded at the downstream reach
The conservation listed Fortescue gruntdreipotherapon aheneusslUCNLower Risk/Near
Threatened;Parks ad Wildlife Priority 4) wasthe secondmost abundant fish species of the
Project arearecorded at all upstream and downstreasites Similar to other fauna indices,
there was no significant difference in mean total abundance of fish between upstream and
downstream sites, nor was there any significant difference in mean abundance of each
individual specieswithin the Project area Healthy (breeding) populations of western
rainbowfish, the most abundant fish species of the Project area, were recordedujpstream
and downstreanrteacheshowever, spangled perch and Pilbarandan recruitment appeared to
be low throughout theProject area

viii
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1 INTRODUCTION

1.1 Background

Robe River Mining Co. Pty L{the Proponent)is evaluating the potential development of thdesa H
iron ore deposit located 16 km southwest of Pannawonica, in th&/est Pilbara regionof Western
Australia(Figure ). The development envelopfr Mesa Htraverses the Robe River and lies adjacent
to the existingMesa J min@peration

As part of te Mesa Hdevelopment, dewateringf underlying groundwatewill be requiredto allow

mining of sections of ore (~20%) which ocdwelow the watertable (BWT) Options for disposal of
excess dewateng waterfrom the Mesa H developmennclude discharge t@an unnamedephemeral

tributary of the Robe Rivebetween Mesa H an#flesa Jand/or dischargeinto JimmawurradaCreek,
east of MesaJ (Figure 1 or potentially an additional location north of Mesa).H he former two
discharge points are currently used by tdesa J operation.

The permanency and consistency of flow in the Robe River is aliefidgnced by groundwater
abstraction and dewatering sitharge fromexisting mine operationgAquaterra 2004 Groundwater
drawdown and discharge from Mesarhhy also affect aquatic ecosystems in thecal vicinity. Tls
includesa number of nhamed permanent pools known have ecological and cultural valysuchas
Gnieraooraor Dthuluraf) at Yeera BluffFigure ).

AstronEnvironmental Service Pty Ltd (AstraommissionedVetland Research & ManagemefwRM)

to design and condud@ baseline ampling progranencompassing@quatic ecosystemsf the Robe River

both upstreamand downstreamof the Mesa H development G4 KS &t N2 IR @Gith of B I € 0
sampling progranis to documentcurrent ecological conditionf the system and praure benchmark

aguatic fauna and water qualitgata aganst which any futee changes may be assessed post
commencement othe Mesa Hdevelopment includingcumulative effects from dewatering drawdown

O WRNEAYIQO | YR RAa&OKMh&Eanéngydand chrisistendy yiRlowljirddheyRobe G & 0
River is already influenced byogindwater abstraction and dewatering discharge from the Mesang,

YR a2 GKS OdNNByd &l YLXAYy3 LINPINIY gAftt R2Odzy
Gy I G dzNJ £ £Whérg possiblé, ménitoring sitesstablished bystreamtec Pty Ltd (Staentec) and

The University of Western Australia (UW#) the Robe Rive(Figure ) have been included in the
program. Since 199, annual sampling falish andbenthic macroinvertebrateshas been conductely
Streamtec/UWAas part of longterm monitoring fo the Mesa J ProjecSfeamtec 1996, 1999, 2003,
2007,2009,2010,2012 and2014,Dobbsand Davies 2009)

1.1.1 Legislative framework

At a State levelpative aquatic fauna are protected under th#ildlife Conservation Act 1950 C Act)

and their environment is protected under tHenvironmental Protection Act 1986P Act). This includes
freshwater turtles, frogs, fish and invertebrates (including hyporheic and stygal inveshra
Hyporheic invertebratesnhabit subsurfacenierstitial spaces in coarse creek bed sediments. Stygal
AYOSNISONI 188 FNB Iljd A0S 26tA3FGS INRdzyRSF G SN
rock types and are often also present in the hyporheos.

The EP Act provides foenvironmental inpact assessment (EIA) of propos@ad schemeslikely to

have a significant effect on the environmentAs part of the EIA process, the Act requires the
Environmental Protection Authority of Western Australia (EP&) report on key environmental factors

G2 GKS aAyAadGaSNI F2NJ OYPBANRYYSY G OYVBANRYYSY Gl f
assessing whether a propos@ NJ & OKi®pa& Qrit the environment iscceptable. Two key
environmental factors reke to water resources
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i) Hydrological Processes with the objective dTo maintain the hydrological regimes of
groundwaterand surface water so that environmental valwas protected.

i) Inland Waters Environmental Quality wA 0 K (i KS Ton&idtaini thed §ualitgt of
groundwaterand surfacavater so that environmental values are protecéed

Proponentsare requiredto provide baselinenformation onthese two factorgand others)in order to
inform the EIA process

The WC Act provides for species and ecological communities gpésally protected and listed as
SAGKSNI WGKNBFUISYSRQ 0S0OIdzaS GKS& | NB dzy RSNJ ARSY
are rare, or otherwise in need of special protection. This encompasses species with small distributions
(occupyingan area of less than 10, 000 Rndefined as short range endemics, or SREEsvey 2002, EPA
2009. ¢ KS 9t! Q& DdzZARFYyOS {GFGSYSyd wn 69t! wnndpL |
considered during the EIA process.

It can be difficult todetermine whether or not a species belonging to a SRE Group is actually a species
with a range <10,000 ki The Western Australian Museum (WAM) uses a tkiee classification
scheme for SRE species which we have apmibgporheic faunan this report

f Confirmed SREare species with a known distribution range <10,000.kifhe taxonomy is well
known and the group is well represented in collections and/or via comprehensive sampling.

1 Potential SREare species that belong to a group where there arpggm our knowledge of the
taxon, either because the group is not well represented in collections, taxonomic knowledge is
incomplete, or the distribution is imperfectly understood because sampling has been patchy.

f  Widespread (not SRE) specikave a knowrdistribution range >10,000 km The taxonomy is
well known and the species is well represented in collections and/or via comprehensive
sampling.

WAM further uses five suDl 6§ SA2NASa AF | aLISOASE Ad& RSWbSN¥AY.
categories are:

1. Data deficient: There are insufficient data available to determine SRE status, either because
there is a lack of geographic and taxonomic information, or because the individuals sampled
cannot be identified to species level.§.wrong sex, juvend, damaged);

2. Habitat Indicators: The status of a species can be elucidated through its association with a
particular habitat and vice versa;

3. Morphological Indicators: The status of a species can be determined through its morphological
characteristics;

4. Molecular Evidence: DNA sequence data reveal patterns congruent or incongruent with SRE
status for a species; and

o
Py

esearch & Expertise: Available research data and/or WAM expertise provide the basis for a
RSOA&AA2Y | 02dzii KS aLISOASaQ aidl Gddzao
The Departmenbf Parks and WildlifeP@arks and Wildlifealso maintains a list of prity fauna species

that are of conservation importance but, for various reasons, do not meet the criteria for listing as
threatened. Parks and Wildlifeises the International Union for Conservation of Nature (IUCN) Red List

2
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criteria for assigning species and communities to threat categories. Not all Western Australian species
listed by the IUCN are also listedPgrks and Wildlife

Objectives for the ranagement of potential impacts on watdependent ecosystems are also outlined
in the Western Australian Department of Wat@oW)Western Australian Water in Mining Guideline
(DoW 2013) and include:

A Minimise the adverse effects of the abstraction and aske of water on environmental, social and
cultural values;

A Ensure the cumulative effects of mining operations are considered and managed,;

A Use a monitoring and evaluation process, to adaptively manage the effects of abstractions and
releases on the water smurces;

A Maximise cooperation in water management activities between nearby water users, to reduce
impacts on the environment;

A Plan for, and manage, the effects of climate variability and change.

At a Federal level, th&nvironment Protection and Biodisgy Conservation Act 199@PBC Act)
provides for native fauna and their habitats to be specially protected and listed as nationally or
internationally important. Relatively few aquatic species in Western Australia are listed as threatened
or endangeredinder the WC Act or EPBC Act. Lack of knowledge of their distributions often precludes
aguatic invertebrates for listing as threatened or endangered. The EPA has stated that listing under
legislation should therefore not be the only conservation consitien in EIA(EPA 2004).

The current baseline sampling constitdt@ Level 1 survey foEIA as described nder the9t | Qa
Environmental Assessment GuideliAG)No. 12 (EPA 2013), and in accordance with EAG8No.
(EPA2015) with the focuson hydrological processes and ecosystem maintenamethe time of the
survey (April/May 2016), the aforementioned EAGs were the mogbtgate EAGs availaible.

1.1.2 Other relevant policy- ANZECC/ARMCANZ (2000) Guidelines

The Australian and New ZealandGuidelines for Fresh and Marine Water Quality
(ANZECBRMCANZ nnn0 aX LINBPGARS |y FdziK2NARGI GAGPS 3IdzA F
required to sustain current, or likely future, environmental values (users) for natural andnséunal

water resouDS & Ay ! dzad ( NI £ A [ Thede jiRdelibeS form Yp&thof theyatoaatbWater

Quality Management Strategy (NWQMS®) joint national approach to improving water quality in
Australian and New Zealand waterwayd:'he NWQMSwvas originally endorsed by twMinisterial

Councils- the former Agriculture and Resources Management Council of Australia and New Zealand
(ARMCANZ) and the former Australian and New Zealand Environment and Conservation Council
(ANZECC).

State regulators have been known to appl tliigger values detailed ithe ANZECC/ARMCANZ (2000)
guidelines as compliance values for mining companies in the Pilbara, where developments may impact
creeklines through dewatering and discharge operations. Yet, in some systems water quality data
recorded during baseline surveys, conducted prior to any disturbance, do not actually meet the default
ANZECBBRMCANZ (2000) trigger values. Therefore, it is important to obtain adequate baseline water
quality data and develop systeapecific guidelines, aseemmended in the ANZECC/ARMCANZ (2000)
guidelines, to avoid issues with naompliance as a result of inappropriate trigger values being used by
regulators.

The ANZECC/ARMCANZ (2000) guidelines are currently under revieydatesare provided by the
Joint Steering Committee for the Revision on #eeleral Department othe Environmentand Energy
website (www.environment.gov.au/water/quality/nationaldownloaded on 30 May 2016).
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1.2 Scope of Work®r Current Study

The scope of works for theurrent study was to establishriverine baseline monitoring sites, and
develop a robust datasdb allow statisticaltesting for potential change over time Specifically,hte
scope of work includs

A Identification of baselineand future riverine monitoring sitesand where possible, include long
term monitoring sitesestablished previously bgtreamtec/UWA

A Semi-qualitative samplingfor aquatic fauna rpicroinvertebrates hyporheic invertebratesbenthic
macrdnvertebrates, fish) and water quality to allow statistical comparison of any changes
overtime;

Qualitative visual assessment of general habitat conditadredl sites

Record opportunistic visual sightings of dastle and frog speciepresent

Identification of allspecimens tathe lowesttaxonomiclevelpracticabg;

Anassessment of the conservation status of aquatic fauna recgrded

Report water quality data againg§NZECC/ARMCANZ (2000) guidefimeseshwater ecosystems
Preparation of a detailedtechnical reporof all findings.

> > >y >y > D>

1.3 Rationale for Sampling Components of Aquatind

Microinvertebrates

Aquatic microinvertebrate fauna consists of microscopic fauna including fmiastacea (ostracods,
copepods and cladocera), protists and rotifers (nominally r¥53in size). Aquatic microinvertebrates

are used as bioindicators throughout the world for many reasons. The microinvertebrate community
holds a strategic position in food webs (Bunn and Boon 1993, Zrum and Hann 1997, Jenkins and Boulton
2003). They provida food source for higher trophic levels, such as macroinvertebrates (Bunn and Boon
1993, Jenkins and Boulton 2003), fish (King 2004, Vilizzi and Meredith 2009), and waterbirds (Crome
1985). Most fish species depend on microinvertebrates for their fiestl f&fter hatching (Geddes and
Puckridge 1989). Therefore, any change in the microinvertebrate community will ultimately result in
changes to the entire aquatic ecosystem. Microinvertebrates also have intimate contact with the
surrounding environment, bag planktonic, and continually exposed to the ambient water quality.
Hence, they are vulnerable to environmental pollutants and can be a useful biomonitoring tool (Kaur
and Ansal 1996).

Hyporheic fauna

The hyporheic zone, comprising subsurface interstitial spaces in coarse creek bed sediments, is
recognised as a critical component of many streams and rivers (Edwards 1998). The hyporheic zone
creates habitat and connectivity between surface and-sulface (groundwater) zones, provides a
rearing habitat and important refuge for aquatic invertebrates, and importantly in the context of the
Pilbara region, buffering from floods (Palmegral. 1992, DoleOlivier and Marmonier 1992), disturbance

in food supplyEdwards 1998) and drought (Cooling & Boulton 1993, Coe 2001 etake005). The
aguatic fauna of hyporheic zones is collectively referred to as hyporheos. Typically, hyporheos have
poor dispersal capabilities, are confined to discontinuous habitats highly seasonal (usually more
active in the wet season following significant flows) and have low levels of fecundity, and are therefore
commonly classified as SRE as defined by Harvey {2002umber of taxa frequently encountered in
hyporheic zoes, including stygal amphipods, isopods and syncarids (crustaceans) are classified as SRE,
and are therefore of high conservation value. The subterranean fauna of the Pilbara is characterised by
high levels of diversity and short range endemism (Eberlardl 2005, Halsest al. 2014), with
increasing aridity and cessation of surface flows over the lagt@Dmillion years causing once epigean

! Short range endemic as defined by Harvey (2002): a species occupying an area of less than 10, 000 km?.
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(surface dwelling) fauna to disperse and become isolated in groundwater environments (Féhston
2011).

Macroinvertebrates

Aquatic macroinvertebrates (nominally 53250 mm in size) typically constitute the largest and most
conspicuous component of aquatic invertebrate fauna in both lentic (still) and lotic (flowing) waters.
Macroinvertebrates are used aslaSe@ A Y RAOI 2NJ ANRdzL) Ay (GKS o0A2l &da
streams and rivers under the National River Health Program (Schofield and Davies 1996), and have
inherent value for biological monitoring of water quality (ANZECC/ARMCANZ 2000).
Macronvertebrates are considered to be temporary residents if theirdifele contains a wingeadult

form (e.g.dragonflies, damselflies, mayflies, aquatic beetles, caddiséite3, therefore being proficient

in aerial dispersal between waterbodies (Grayda-isher 1981). Permanent residents include those
which can persist as larvae during periods of drought by aestivating or encysting in sedimgnts (
Baetidae, Simuliidae, Ceratopogonidae, Chironomidae), or produce desicegistant propagules or

eggs which hatch upon inundatioe.g ciliates, rotifers, flatworms, nematodes, segmented worms and
crustaceans) (Radzikowski 2013).

Fish

Historically, fish diversity has been used worldwide as an indicator of ecosystem leeglthugueny &

al. 1996, Obrdoff et al. 2002, Pontet al. 2006). Because fish continually inhabit the receiving water,
GKSe8 AydiSaNIiGS GGKS OKSYAOIFE>X LKeaAOlf FyR o0A2f2
have a long life span and therefore reflect both ldegm and current water quality. Sampling fish
assemblages can be used to assess a range of environmental disturbances, such as changes in habitat,
water quality and land use (Hugueny al. 1996). Fish also tend to be the most conspicuous biota in
freshwatersystems, have significant social amenity and are relatively easy to sample and identify.
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Figure 1. Location of Mesa H Project area and baseline aquatic ecosystem sampling sites (Oreference, O potential exposed) and historic Streamtec/UWA sites (O).
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2 STUDY AREA

2.1 Climate

TheProject area is locatedn the western edge of the Hamersley Ranges, approximately 100 km-south
west of Karratha and soutvest of PannawonicaQimate of theregionis semarid, with relatively dry
winters and hot summers.The nearest longerm Bureau of Meteorology (BOM) gauging station is
Pannawonica (no. 005069; 1972016), where total annual rainfall ranges from 113 to 700 mm, and
monthly rainfall from O to 444 mm.Most rainfall occurs during the summer montfidovemler to
March) and is predominantly associated with cyclonic events; when flooding frequently occurs along
creeksand rivers Due to the nature of cyclonic events and thunderstorms, total annual rainfall in the
region is highly unpredictablend ndividualstorms can contribute several hundredllimetres of rain

at one time

Prior to sampling irApril/May 2016, slightly abovaverage monthly rainfall was recorded in the latter
part of 2015 (October & November) (Figure 2). However, total monthly rawdallwell below the 45

year average in the mid to late wet season of 2016, particularly duribguBesy, March and April
(Figure2). As such, there was no surface flow connecting pools along the Robe River at the time of
sampling between Land 8" May. However, toward the end of the sampling period, a major storm
event on the & - 6" May causedwidespread flooding across the Robe River catchment, resulting in
above average total rainfall for May (Figure 2). Pannawonica also recorded above avemfajkimai

June and July (Figure 2).
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Figure 2. Average monthly rainfall (1971 7 2016) and total monthly rainfall (2016) for Bureau of Meteorology (BOM)
Pannawonica Gauging Station (005069).

2.2 Hydrogeology

The Project area lies within the Robe River catchmersigaificantriver system in theegion, with a
catchment area of B71 km® and numerous braided tributarie®oW 2012. TheRobe Rivechannel
coversa linear distance of 190 km, 63% which lies upstream ofthe Project areg EPA 1991 The
immediate valley is 300500 m wide. Jimmawurrada Creek is thdy major tributary in the vicinity of
the Project areaflowing northwardalong the eastern flank of Mesa J

JimmawurradaCreek joins the Robe Rivgpstream of Mesa (Figure ). TheJimmawrrada Creelsub-
catchmenthas anarea of approximately 400 Knand constitutes the lower section of Bungaroo Creek

7
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catchment with a combined area of around 1,261 kifboWw 2012). Botlihe Jimmawurradaand
BungarooQeek catchments are included in the Bungaroo Creek Water Rett@t/protectsthe water
resources in thee catchments and underlying aquiféhat supply the West Pilbara Water Supply
Scheme (WPWSE&DA 2013) TheWPWSS delivengublic drinking water to thetowns of Karratha,
Dampier, Roebourne, Capambert and Point Samson (DoW 2012)

Qurface fow in the Robend tributary riverds naturally ephemeraltypically only occuing in response

to significant rainfall event&ind continuing for one to two months There is oneDoW streamflow
gauging statin on Robe Rivelrarralooh (no. 707 002 1972- 2016) at the North West Coastal Highway
crossing 36 km west ofthe Project area The maximum total monthly river discharge for the period of
record at Yarraloola is 773.9 GL (February 2009) and the maximum instantaneous discharge is
12,203m%sec (February 2009).ow or no flow typically occurs from July to Decembeéren the riveiis
reduced to a series of isolated pool¥he number and permanence of these pools is dependent on
antecedent rainfall and groundwater levels (Antao & Braimbridge 20X%ipce streamflow records
began at Yarraloola in 1972, 14 zdlov years have beenecorded, including seven in the last two
decades (2002, 2003, 2007, 2010, 2012, 2013 & 2014).

The major aquifer underlying the Robe Riisethe gravelly alluviunwhich has a satutad thickness of
up to 15 m adjacent the main channel and extetaterally up to 5 km aciss the Robe River Valley
(Antao& Braimbridge 2010).Groundwater flow through thgravelsmaintains permanenpools in the
Robe River.The gravelly aquifer ignderlain byfractured, permeable Trealla Limestone ahidhly
transmisiveRobe Pisolite. Robe Pisolitears iron-enrichedpisolitic alluvial sedimentary rodkat fills
the broad valley between ridges of the Brockman Iron Formatamginally asancestral drainage
channels (palaeochannels) of the Robe River (commonly known as a Channel Iron DepQsigmdCID
forms the target ore deposit Mesa H (and Mesa.J)

Groundwater flow irthe Pisolite is towards the Robe River anthere theFisolite is deepestprobably
contributes to basélow within the Robe RivefAquaterra 2005) The gravel and Pisolite aquifers are
recharged primarilyiariver discharge. Modelling by DoW indicates the aquifers have the potential to
absorb a significant percentage of river fidwowever, due to the unpredictable flow regime, recharge is
very low in two out of every five yearé\iftao & Braimbridge 2010)Near the Jimmawurrad&obe
confluence, thePisolite is very shallow and unsaturated3ream-aquifer interaction upstream in the
Bungaroo and Jimmawurrada vallegntributes to recharge along wittlirect rainfall infitration.

2.3 Water Quality
2.3.1 Surface water

Water quality monitoringhas beenconducted quarterly at five pools the Robe Riveand at the
existing dewatering discharge point on Jimmawurrada Creekhe Robe Rivergols are located
upstream (MedawandyWaterg, adjacent to (Yarramud and downstream (Japanese, Martangkuna
Gnieraoora of the existing mine operatiofrefer Figure 1& Section3). Poolshave beermmonitored for

pH, conductivity EQ, total dissolved solidsTDS), nitrogen and phosphorus, turbidity, total suspended
solids (TSS) and biological and chemical oxygen denfaadatering dischargbas beermonitored for

pH, TDS, TSS ambncentration of dissolved metals(Al, As, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn).
Unfortunately, the limit of reporting for most metals was netfficiently low to allow canparison
against ANZECC/ARMCARDO) default trigger values (TVs) for the protection of freshwater
ecosystems.In general, dwatering discharge to Jimmawurrada Cregpeared to be of low salinity (<
800mg/L TD¥ low TSS (< 5 NTU) and with a pH randge20f8.5. The water is a predominantly sodium
bicarbonate and calcium bicarbonate type, indicative of recharge waiguaterra 2004).
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Available dngterm quarterly monitoring data for the Robe River pools (19%2004) indicates surface
watersto befresh @53- 1,400n5/cmEC; 300 904 mg/L TDSwith pH values typically in the range 7%.0
9.0, and relatively low turbidity (40 NTU) under baseflow conditionsMaximum salinity levels
recorded duringguarterly monitoring were in 200®llowing two years of low rainfallSalinitygenerally
tends to belower in upstream olsthan in poolsadjacent to, and downstream of Mesa Background
levels of total nitrogen (N-total) and nitrate-nitrogen (NNQ;) often exceed default
ANZECC/ARMCAREDO0O0) TVsfor protection against eutrophicatio0.15 mg/L Notal; 0.03 mg/L N
NQy), with levels ofup 3.45 mg/L Notal and 3.1 mg/L NNG; recorded at Medawandy waters, upstream
of Mesa J.In general NNO; appears to constitutenost of the Ntotal present in surface waters in the
pools. There are no data on dissolved metal concentrations in the pools.

Longterm annualmonitoring of Robe River poolsy Streamtec/UWAndicated similar physicochemical
water quality characteristics to those identififdom quarterly monitoringby the Proponent fresh
(EC<1,200n8/an), slightlyacidic toalkaline (pHb.6- 8.3) waters with relatively low turbidity during the

dry season(< 8 NTU), becoming markedly more turbid following wet season flood events (often
exceedng 70NTU)(Dobbs & Davies 2009, Streamtec 2P1Fhere was significant spatial and temporal
variation in dissolved oxygen (DO) levels (< 2 mg/L to > 12 mg/L), dlageam time of day sampled and
permanency of pools. dbtal and totalphosphorus (Rotal) often exceeded ANZECC/ARMCANZ (2000)
default TVgDobbs& Davies 2009Streamtec 2014

2.3.1 Groundwater

At the time of reportinggroundwaterquality samping in the Project areghad been conductedn three
occasios, in December2015 and twice during 2016 A comprehensive suite of parameters was
sampled in10 bores;MB15MEHO001 to 4, 6 to @nd 13 to 14 Thissamplingwill be followed by more
comprehensie groundwater assessment during 2016. The December 2015 sampling suggests
groundwater quality in the majority othe bores to be similar to surface waterse. fresh @89-
1,110 nB/cm 452 - 822 mg/L TDS)¢ircumneutral to slightlyalkaline (pH 7.3 7.7) and with relatively
high DO levels (7.29.1 mg/L). Two bores had brackish wateMB15MEH0133,040 nS/cm, 2,770
mg/L) and MB15MEHO014 (1,920 nS&/cm, 1,450 mg/L). Groundwaters in most bores
(exceptMB15MEHO0O01were enriched in NNG; relative to ANZECC/ARMCANZ (2000) default TVs for
surface waters for protection against eutrophication. Maximum concentration28a@mg/L NNG; in
MB15MEHO014 Default TVs have yet to be developed for groundwaterdn their absence,
ANZECC/ARMACANZD@E0) recommend that default TVs for surface waters be applied with caution,
acknowledging thatthey may not be representative of natural background concentrations in
groundwater.

In three bores, solved concentrations ahromium (Cr), manganese (Mmddor zinc (Znwere also

in exceedance of ANZECC/ARMCANZ (2000) deEitspecies protection levEV$ for surface waters
Thisincluded MB15MEHO00XMn, Zn),MB15MEHO0@ (Zn) MB15MEHO013 (Cr, Zn) and MB15MEHO004
(Cn).

2.4 Culturaland EcologicaValues

The Project area is located within thélamersleysubregion of the Pilbara Biogeographic Region as
categorised under the national Interim Biogeographic Regionalisation for Australia (IERA&}ing
tenure in thearea is a mixture ofinallocated and leagseCrown land.TheMesa Hdevelopment would
be implemented under Mning Lease ML248SAvhich coversthe Project areaand other deposits

2 Note, default TV for Ni should be modified for water hardness (as CaCO3) at the time of sampling using algorithms provided in
Table 3.4.3 of ANZECC/ARMCANZ (2000).
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throughout the Robe River valleyln addition to ML248SAhe Project aredies substantiallywithin
Yaraloola Stationpastoral leasgPL 31141127) The lease is held bigobe River Iron Associates joint
venture through the Yarraloola Pastoral Compaayd managed by Rio TintoThe Station was
established in 1916 as a sheep station, but currently runs cattle.

Numerous Aboriginadites of significanchave beendentified within theRobeRiver valley The Native
Title Claim of the Kuruma Marthuduneidative Title Claimant Group covers 15,717°ksouth of
Karratha, incorporating thé&rojectarea and Yarraloola Station (YMAC 201TIhe entireRobe River,
also known as Jajiwi, is of significant cultural value to the Kuruma and Marthudunera peaple
particular permanent pools such aarramuddaand Weedaiimmediately upstream othe Project areg
Dthulurat (Gnieraoora) at Yeera Bluffoordi(or Jongardi)14 km downstream of Yeera Bluff, and
ChalyarrPoolon Mungarathoona Creeglatributary ofthe Robe River

As the Pilbara has an arid and variable climate with irregular episodic fawéalts, sources of water

are of high ecological valudhe permanent pools of the Robe River are an important component of the
river ecosystem, supporting a diverse range of aquatic fauna and specialised flora such as yellow
bladderwort Utriculariaaustrali§ and water chestnutEleocharis dulcis The pools act as refuges for
fauna during periods of drought (EPA 1991). The riparian zone in the vicitiitg Bfoject areaalso
supports woodlands of silveradjeput Melaleucaargenteg and eucalyp{Eucalyptus camaldulensis.

victriX). Lower tree and shrub layers in these woodlands are atypical of the Fortescue Botanical District,
and as such, warrant conservation (EPA 199Cyclonic events and associated rainfall can severely
affect the riparan vegetation, rearrange braided channels and alter the size and position of permanent
pools through scouring and aggradation (Dobbs & Davies 2009). In March 2004 for example, a rain
depression in the wake of tropical cyclone Monty resulted in recondfalis (376.6 mm) that caused
widespread flooding throughout the Robe River valley and its surrounding catchments (Aquaterra 2004).
High flows andlashflooding associated witleyclone Monty uprootednuch of the Cadjeput woodland
alongthe river channein the vicinity of the JimmawurradBobe confluence.

A number ofpotential short range endemic (SRE) aquatic invertebrates are known from the vicinity of
the Project areaand potentially occur within drawdown and dewatering impact zones. These species
include stygal amphipodssopodsand syncaridswhich arealsoknownto occur inthe hyporheic zones

of the RobeRiver and/or tributary riversFurther discussionfdhese species is providéa Sction 3.

10
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3 REVIEW OF PREVIQABIATIC FAUNA ASDYGOFAUNBURVEYS

Themost comprehensive surveys of aquatic fawvithin the Project areaare those of Streamtec/UWA
who have conducted annual samplingof Robe Riverpools since 1992(Dobbs & Davies 2009,
Streamtecl996 - 2014) Other recent studiesclude theParks and Wildlifé?ilbara Biological Survey
(PBS)a regionwide survey of aquatic invertebrates conducted between 288d 2006, as part of a
broader biodiversity survey (see Pindgral. 2010). The PBfgatured a number of ephemeraipng
term and pemanent waterbodies within the vicinity dhe Project areaincluding Mungarathoona
Creekto the west Myannore Creeland Yarraloola Station Claypao the north-west, Nyeetbury Spring
on upper Bungaroo Creek to themuth-east Kumina Creek in the upper B® and two pools on the
Cane River to the soutlvest (Pinderet al. 2010). Morgan and Gill (2004) studigtie distribution of
fishes in inland waters of Pilbara, sampling 171 sites across@lsystems between 200ihd2002.
Nearby sites included twpools on the Robe River closette Project areatwo on the lower Robe west
of Mesa A/Warrambootwo on the lower Fortescue River to the nonvest, and one on the Cane River.
WRM previously samplealquatic invertebrates and fisat Nyeetbury Spring (20092015) andYalleen
Pool (2010 - 2011) on Bungaroo Creekinder thet NE LJ2 yReglohal Aquatidcauna Program
(seeWRM2016). In 2008 and 2009aselinesurveys fothe Australian Premium Iron (ARMest Pilbara
Iron Ore Project (W®P)were conducted including sites on Mungarathoona Cre&edHill Creek ad
the Cane River (WRM 2009).

Additionally, stygofaurfa have been sampled by Biota Environmental Sciences in the Mesa
A/Warramboo Yarraloola Borefield to theest (Biota20080 = | YR @gAGKAY GKS YSyQa
areas along Red Hill Cretk the southwest (Biota 2010). BennelongiaEnvironmental Consultants
surveyedstygofaunawithin the BungarooCreek catchment in the Blland Hillsarea (Bennelongia

2013). Stygofauna were also surveyed Bgrks and Wildlifas part of the PBS, includiBg boreswithin

the Robe River catchmensampled between 2002 and 20@8ee Eberhardet al. 2009, Halseet al.

2014).

Areviewof previous aquatic fauna surveys conducteithin 100 kmof the Project area, including sites
sampled, methods used,and notable fauna foundis prsentedin the following subsections A
summary of the studiets providedin Table landthe sampling locationare shownin Figure3. Studies
referenced in this review were either conducted by WRMtf& Proponent or werepubliclyavailable,

or records sourced from the Parks and Wildlife database NatureMap
(http:// naturemapdpaw.wa.gov.al. In addition, drect requests wereherefore made to Parks and
Wildlife in order to obtain additional information on distribution of threatened, priority and vulnerable
aguatic fauna.

For each species,onservation significance was assessed by referenceh#o IUCN Red.ist of
Threatened Specie®arks ad Wildlife Threatened and Priority Fauna Isisas well aghe Australian
Faunal Directory, The Australian National Insect Collection Databast ana dhéhouse database for
distribution and occurrence informationCollectively, the previous studies leaidentified a number of
speciesof conservation significance and/scientific interest, which have the potential to reside, either
seasonally or permanently, within tHeroject area and its expectattawdown zone and/or dewatering
discharge footprint (nowledging hydrological modelling for drawdown and dewatering dischaege
not completedat the time of the survey or reporting

A simmary of aquatic species (including hyporheic species) of conservation and/or scientific value
known to occur, or likgf to occur within the Project areésprovidedin Table 2at the endof Sction 3

3 Obligate inhabitants of groundwater environments, e.g. aquifers, caves and hyporheic (interstitial) spaces. Morphological
adaptations to such environments include reduced body size, lack of pigmentation, reduced or absent eyes, and elongated
appendages (e.g. antennae).
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Table 1. Summary of previous recent aquatic fauna studies (invertebrates and fish) conducted within a 100 km radius of the Mesa H Project area, together with methodologies.
Studies are listed in chronological order. Stygofauna assessments appropriate to the Project area are also included. Co d e s afina sam@lddd Macro = macroinvertebrate; Micro =
microinvertebrate; Hypo = hyporheos; Stygo = stygofauna).

Program Sampled by | Locations sampled S Methods used VEELIEIE el Reference
sampled level dates
Aquatic Fauna (Surface Water and Hyporheos)
Proponent Streamtec/ | Robe River pools: Macro Macro 1 kick sampling (250 pm net) | Species Annually between | Streamtec (1996,
Mesa J Project UWA  Gnieraoora, Martangkuna, Pulari- Fish all habitats, Nov - Mar, 1991 - | 1998, 2002, 2007-
Aquatic Ecosystem Nyunangka, Japanese pool, Yarramudda, Fishi seine net and visual 2013. 2009, 2011, 2014);
Study (long-term) Medawandy Waters, Pannawonica Hill observation (mask and snorkel). Dobbs and Davies
pool, Chundy Pool, Ngalooin, Mussel Pool. (2009)
Fish Fauna of Pilbara Murdoch Uni | 9 Robe River near Mesa H and J, Fish Fishi seine nets, gill nets, cast Species Once between Morgan and Gill
inland waters 1 Lower Robe River, west of Mesa nets, rod_ and line, and visual Dec 2000 - Nov (2004)
AMWarramboo, observation (mask and snorkel). 2002.
1 Lower Fortescue River (40 km NE),
1 Cane River (75 km SW).
Hyporheos of five Parks and 1 Nyeetbury Spring on Bungaroo Creek, Hypo Stirring up sediments and sweeping Species Sep 2001. Halse et al. (2002)
Pilbara springs Wildlife Robe River catchment (33 km SE). with a 250 um mesh dip net,
Digging up sediments to a depth of
30 cm and collecting fauna caught
with 50 pm and 250 pm mesh nets
(Karaman-Chappuis method).
Pilbara Biological Parks and 1 Chalyarn Pool, Mungarathoona Creek, Macro Macro - kick sampling (250 pm net) Species Aug/Sep 2003, Pinder et al. (2010)
Study (PBS) Wildlife Robe River catchment (20 km W), Micro all habitats, Aug/Sep 2004,
1 Red Hill Creek Pool, Robe River Micro i sweep netting (50 um mesh). May 2005,
catchment (30 km SW), May 2006.
1 Nyeetbury Spring on Bungaroo Creek (33
km SE),
9 Duck Creek Pool on Duck Creek,
Ashburton River catchment (46 km SE),
1 Myannore Creek (49 km NNW),
1 Yarraloola Station Claypan (65 km NNW),
1 2 sites on Cane River; House Pool and
Creek Pool (70-75 km SW),
1 Kumina Creek (74 km SW).
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Fauna MRS VeEs Taxonomic

Program
9 sampled level

Sampled by | Locations sampled

Aquatic Fauna (Surface Water and Hyporheos)
APl WPIOP WRM 1 2 sites on Mungarathoona Creek (20 km Macro Macro i kick sampling (250 um net) Species Dec 2008, WRM (2009)
Baseline Aquatic w), Micro all habitats, Apr 2009.
Fauna Survey 1 6 sites on Red Hill Creek, (40 km SW). Hypo Micro i sweep netting (53 pm net)
. water column,
Fish

Hypo i Karaman-Chappuis method

(53 pm net),

Fishi seine nets and gill nets.
Proponent WRM 1 Yalleen Pool on Bungaroo Creek (23 km Macro Macro i kick sampling (250 um net) Species Ongoing, wet and | WRM (2013, 2016)
Regional Aquatic SE), Micro all habitats, dry seasons since
Program (long-term) 1 Nyeetbury Spring on Bungaroo Creek (33 Hypo Micro i sweep netting (53 um net) 2009.

km SE). Fish water column,

Hypo i Karaman-Chappuis method

(53 um net),

Fishi seine nets and gill nets.
Stygofauna
Pilbara Biological Parks and 1 36 bores across the Robe River catchment | Stygo Replicate hauls with weighted Species 3 wet and 3 dry Eberhard et al.
Study (PBS) Wildlife plankton nets (50 pm and 150 um season occasions | (2005, 2009);

mesh). 2002 - 2005. Halse et al. (2014)
Robe River Mining Co. | Biota 1 21 bores within the Warramboo area, Robe | Stygo Hauls with weighted plankton nets Species Oct 2005. Biota (2006a)
Mesa A/Warramboo River catchment (45 km W) (150 pm mesh).
Baseline Stygofauna 1 20 bores within the Yarraloola area, Robe
Assessment River catchment (40 km W)
APl WPIOP Biota 1 58 bores within the WPIOP tenement Stygo Hauls with weighted plankton nets Species Jun 2008, Biota (2010)
Baseline Stygofauna areas, Red Hill Creek catchment (40 km (70 pm mesh). Sep 2009.
Assessment Sw)
Iron Ore Holdings Bennelongia 1 61 bores within Bungaroo South tenement, | Stygo Replicate hauls with weighted Species Jul 2012, Bennelongia (2013)
Bungaroo South immediately south of the Project area. plankton nets (50 um and 150 pm Oct 2012.
Subterranean Fauna mesh).
Assessment
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Figure 3. Locations previously sampled for aquatic invertebrates (Streamtec/UWA 1991 - 2014, WRM 2009 - 2016, Pinder et al. 2010) and fish (Streamtec 1991 i 2014) within 100
km of the Mesa H project area. Note, individual groundwater bores sampled for stygofauna (Biota 2006a, 2010, Eberhard 2009, Bennelongia 2013, Halse et al. 2014) are not detailed.
Morgan and Gill (2004) did not provide GPS co-ordinates for their study of Robe River fish fauna.
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3.1 Micranvertebrateg¢zooplankton)

The microinvertebrate faunaithin the vicinityof the Project areds poorly known. Eightsites within
100 kmof the Project areawere sampled for microinvertebrates as part of tRarks and Wildlif€BS
(Tablel). Poolssampled within the Robe River catchmentluded Chalyarn Pool (Mungarathoona
Creek) and pools aloriged Hill CreekMyannore Creek, Kumina Creek, Nyeetbury Spiageen Pool
and an ephemeraclaypan on Yarraloola StatigRigure 3. Locationssampledoutside the Robe River
catchment includedwo pools on the Cane River to the sowtlest, and one on Duck Creek in the
Ashburton River catchment (Figurg.3A combned total of 216microinvertebrate taxa were recorded
from these sitesboth within and outside of the Robe River catchmesampled in Augt and
September 2003/2004 (dryeason) and May 2005/2006 (wet seasoMyet season sampling appeared
to favour micranvertebrate richness, with somef the most specious samples takéam May 2005at
House Poobn the Cane Rivéd5taxa) RedHill Creek (42 taxand Chalyarn Pool (35 taxa)

WRM (2009) surveyed microinvertebrates in Mungarathoona Creek (two sites adjacéme Jewel
Cochrane development, to the southl 80 FyR wSR 1 Aff / NBS] O60&aAE
development) to the south east, as part of baseline aquatic suri@ya&PQ WPIORFigure 3. A total

135 microinvertebrate taxa were recorded across two sampling events, conducted in December 2008
and April 2009 (WRM 2009).

WRM also conducts an ongoimaguatic fauna surveys under thiRio Tinto Pilbara Regional Progra
which haspreviouslyincluded the microinvertebrate fauna of Yalleen Paoll Nyeetbury Springn
Bungaroo CreekiH{gure 3. Biannualsurveyscollected a total 45 microinveebrate taxa from Yalleen
Pool sampledbetween 2010 and 2011(WRM 2013 and 160 taxa from Nyeetbury Springsampled
between 2009 and 2@(WRM2016).

In each studythe microinvertebrate fauna was generally found to be typicalsgétems in the arid
tropics (e.g. Kosteand Shiel 1983, Taiét al. 1984, Smirnovand De Meester 1996, Segees al. 2004).
For example, in thaine featured PBS sitesithin the Robe River catchment (Table dpecies from the
family Brachionidae(Rotifera) were poorly represented (14axa). This family tends to dominate
temperate rotier plankton, but idargely replacedy Lecanidae in tropizones asappears to behe
casein the Pilbarg27 taxa; Pindeet al.2010).

Microinvertebrate fauna of notei.e. of conservation or scientific valueycordedfrom these studies
includedthe stygal ostracod/estalenula matildagthe rotifers Colurella oblongand Lecanenoobijupi
and the cyclopoid copepoBaracyclopsp. 6. All these species have been recorded from within the
Robe River catchment.

Vestalenula matildaewas recorded at Mungathoona Creek (Chalyarno®) during the PBS
(Pinderetal. 2010). V. matildaeis a recently describedstygal speciesof ostracod known from
groundwater (bores and wells) in the Ashburton River catchm@uvernment Well, Divide Well),
DeGrey River catchment (Kylena Well, Home Well), and Sherlock River (Muorena Well). It has been
recorded from hyporheic zones in the Ashburton (Yindabiddy Pool) and Fortescue River catchments
(Weeli Wolli Spring), as wedk surface waters in the Ashburton (Horrigans Pool), Fortescue (Gregory
Gorge) and DeGrey (Coppin Gap, Chinaman Spring, Running M(Mtetensand Rosetti 2002, Halset

al. 2002, Pindeet al. 2010,Schénet al. 2010). It appears to be endemic to thdlPara, with no record

to dateof occurrence outside the region.

Colurella oblongavas collected at Nyeetbury Spring by WRM in 2012. ddristituted the first record

of Colurella oblongérom the Australian continentThis species is previoydtnownfrom the southwest
islands of Japan and from Europe (Dr RLUShiel, University of Adelaide, pers. comm.).
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Lecane noobijupivas collected from Nyeetbury Spring by WRM in 2011 and ,28d@from Red Hill
Creek in 2009 This species is endemic to Westekustralia, andappears to have a highly disjunct
distribution. It was described from specimens collected from a wetland in the-Whigup catchment

in the southwest of the state (Lake Noobijupand it had been thought to be restricted to that
catdhment (SegerandShiel 2003). WRM has since recordedLecane noobijupfrom a number of
locationsthroughoutthe Pilbara region, including Weeli Wolli Creek, Marillana Creelkydiwer Creek,
Mindy Mindy Creek an#&algan Creek andMRM 2016). Pindest al. (2010) also recorded it from the
DeGrey Riverlt would now appear that the Pilbara may be the normal locality of this species, and the
Muir location in thesouthrwest was an isolated occurrence.

Closer tothe Project areaParacyclopsp. 6was colleted from Chalyarn Poohs well as Nyeetbury
Spring andKumina Creek (Pindet al. 2010). This species is endemic to thébRra and is known from

only 20locations across the region, including the Ashburton River (Bobswim Pool, Fork Spring, Whiskey
Pool Cheela Spring, Paperbark Sprimgawally Pool), Fortescue River (Palm Pool, Gregory Gorge, Palm
Spring near MillstreamJoffre Creek), DeGrey River (Pelican Pool, Glen Herring Pool, Chinaman Spring,
Minigarra Creek pools, Skull Sprirmgel Bonnie Pogl Harding River (Springs Creek, Harding River Pool)
and Sherlock River (Erawallana Spring and Pool Sfeimgler et al. 2010, WRM unpub. data)

Of the abovementioned specieslecane noobijupiVestalenula matildaeand Paracyclopssp. 6
potentially occurwithin the Project area and its immediate vicinity but havevaespread distribution
across the Pilbara

3.2 Hyporheos

The hyporheosvas not sampledy StreamtedJWA during their longerm study of Robe River pools
upstream, norduring the PBS (Pindet al. 2010 Halseet al. 2014). However,biannualsurveysof the
hyporheos of upper Bungaroo Crebit WRMrecordeda total of 22 hyporheictaxa from Yalleen Pool
(WRM 2038) and 103 from Nyeetbury Spring (WRM 20)L6Halseet al. (2002)recorded 62 hyporheic
taxa from Nyeetbury Sprinduring oneoff sampling in 2001 WRM (2009plsosampled thehyporheos
of upperMungarathoona Creek and Red Hill Creek in 2008/2@®rding acombinedtotal of 45taxa

Fauna of note collecteduringthesestudies includd stygal amphipodsand isopodghat are likely SREs
Amphipodsfrom the familyParamelitidaewere collected fromYalleen Poo{WRM 2013, one site on

Mungarathoona Creek, and three sites Bed Hill CreeRWRM 2009).These spcimens were not able
to be identified further than familyeveldue to immaturityof life stage however, they wereconsidered

likely to be SRE:given thatmost stygalParamelitidae speciegre restricted toa small number of river
systems within closgeographical proximity to oranother finstonet al.2017).

At least three large isobspecies are known from the subsurface zone of the Robe River catchment;
Pygolabis sp. (Tainisopidae),Tainisopussp. (Tainisopidae) andPilbarophreatoicus platyarthous
(Amphisopodidae) Keable and Wilson (20D@8locumened Pygolabissp. as occurring ithe Robe River
catchmentbut did not disclose thespecific locality. Bennelongia (2013) also recordegg8labissp.

from two groundwater bores in the Bungaroo Souttea All species ofPygolabisappear to be
restricted to groundwaters and/or hyporheic zones of one or several creek drainages of the Pilbara
region (Fortescue, Ashburton or Robe River catchments) (Keabl&Vilson 2003) and at least some
appear tobe restricted to single subbasins(Finstonet al. 2009). Another undescribed, but closely
related species,Tanisopussp, is knownto occur inthe hyporheos oNyeetbury Spring(Halse et al.

2002) as iPilbarophreatoicuplatyarthricus(WRM 2016).P. platyarthricuswas first identifiedoy Knott

and Halse (1999yom Robe River specimens (including Chalyarn Pool), which were exclusively collected
RdzZNAYy 3 (GKS ¢S aShraFy2ablzy/BRSNADEOBESK XVAYGREYSR
Thisspecies was also collectéa surfacewater samples at Chalyarn Patiring the PBS (Pindet al.

2010).
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Although not specifically targeting hyporheic fauthere have beerma number ofsurveys of styal
communities in the vicinity ahe Project area These communities havaxa frequently encountered in
hyporheic zonesincluding SREamphipods and isopods These speciemay potentially occur in
hyporhédc zones within dewatering and drawdovaones in the Project area and the immediate vicinity

The PBS sampledtatal of 507 wells and drill holes across the Pilbaeaveen 2002 and 20Q5ncluding

36 within the Robe River catchment ar¢Bberhardet al. 2005, 2009, Halset al. 2014). A total of
110stygal invertebrate taxa were recorded from berm the Robe Riveratcchment, including taxa
belonging to the groups Oligochaeta (segmented wornk®)lychaeta(bristle worms), Nematoda
(roundworms), Turbellaria (flat worms), Gastropoda (snails), Acarina (mites), Rqtifeel animals)
Copepoddgcopepods) Ostracoddseed shrimps)sopoda(aquatic slaters)Amphipoda(amphipods/side
swimmers) Syncaridgsyncaridspnd Themosbaenace@ihermosbaenaceans)These taxa are also likey
to occur within hyporheic zones of the Robe Riv@ut of the 110 taa captured in the Robe River area,
83 were recorded from three or less bora®.(present at < 10% of bores), while just eight taxa were
recorded from more than eight boresd. present at > 20% of bores). It is possible that many of the
uncommonly reorded stygofauna in this study are SREs.

Biota (2008) sampled stygofauna fror@1l bores within the Mesa A/WarramboBroject areaand
20bores in the Yarraloola areduring 2005. In this study, mumber of species which a@ccasionally
encountered in hyporheic zones, such stygal amphipods, copepods, and ththemosbaenacea
Halosbaena tulkb SNB NB O2 NRSRZX (i K 2tdeBKappdais tode litlenyft® iva/Rf al K I
stygal communitypresent at Warrambo& DNA sequecing delineatedfour new stygal amphipod
species(Melitidae spp.),includingtwo from the bores within the Mesa A/WarramboBroject area
(Melitidae sp. Aand sp. I which currently are known only from théVlesa A/WarrambodProject area

(Biota 20086).

Biota (2010) sampled 58 bores in thel NR2 91 ad F Yy R Y Reu®il Creek daehmerts | &
A number of potential SREs were recordedincluding Paramelitidae Pflbarus nr millsi,
Paramelitidaesp.2and sp. 6),Melitidae (edsia spp., nr Norcapensissp.), isopods Haptolana
yarraloola Kagalanatonde, Pygolabissp, Pilbarophreatoicus platyarthricusand syncaridsBathynella

spp., Billibathynella spdexabathynellap. Notobathynella sp.

Bennelongia (2013ampled stygofauna in 61 bores within tBengaroo South area July and October
2012. Potential SREs recordethcluded Paramelitidae Genus 2 sp. B12), MelitidaeNédsiaspp.),
Neoniphargidae (nrWesniphargus the isopod Pygolabis sp. and syncarids (Bathynella spp.,
Billibathynellasp.).

3.3 Macroinvertebrates

Since 1991, Streamtec/UWA have conducted annual surveys for macroinvertebrates atosepenm
poolson the Robe Rive{Streamtec 1996 2014,Dobbsand Davies 2002 Pools includéedawandy
Waters, Yarramudda, Japanese Pool, MartangkuRannawonica Hill Pool, Pulhlyunangka,
Gnieraoora(Figures land 3). Four additional pools were included in the program during the 1,990s
Chundy Pool, ANgalooinand Mussel PoqJFigure 3. Todate, over 112 macroinvertebrate taxa from
64 families have been recorded by Streamtec/Uthdn 16 sampling occasiometweenFebruaryl991
and December2013. The most commonly encountered groups were the segmented Oligochaeta,
Atyidae (freshwater prawny Ephemeroptera (mayflieg, Chironomidae (non-biting midge$ and
Dytiscidae(diving beetles StreamtecUWA noted that caddisflies (Trichopteravere susceptible to
changes in flow regime and water qualityith a decline in the number of species recorded following
1993, 2005, and 2012 cyclone eve(fisreamtec 2014)
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The macroinvertebrate faunaf Chalyarn Poo(MungarathoonaCreell was sampled during the PBS
(Pinderet al. 2010). A total of 70 macroinvertebrate taxa were recor@gd-halyarn Podh the wet
season (May2005, and 97taxa were recorded in the dry season (Augu103. Other locations
surveyedfor macroinvertebratesn the vicinity of the Project areaduring the PBSncluded Red Hill
Creekpools Myannore CreekPool and the Yarraloola Station claypakidure 3. A total of 196
macroinvertebrate taxa were recorded across these sites, sampled in August2Q082005 (dry
season) and Maf003/2005/2006 (wet sason). The most specious samples among these were
collected at Red Hill Creek, with 90 taxa collected in both the wet and dry seasons @iad2010).

Macroinvertebrates from Mungarathoona Creek and Red Hill Creete also sampled as pa of
basek yS | lj dzI G A O & dzNaea®VERM F0Q9NA total df T2& macrobinvértebrataxawere
recorded across two sampling eventky seasonDecembe) 2008 and wet season April) 2009(WRM
2009). The taxonomiclist comprised Nematoda (roundworms) Hydrozoa (freshwater hydra),
Oligochaeta (segmented worms) Gastropoda (snails and bivalves) Acarina (aquatic mites)
Ephemeroptera(mayflies) Odonata (dragonflieand damselflies), Hemipteratrge bugs), Coleoptera
(aquaticbeetles), Diptera (aquaticyfllarvae including Chironomiddmidges), Trichoptera (caddisflies)
and Lepidoptera (aquatic caterpillars).

The macroinvertebrate fauna ofalleen Poohnd NyeetburySpringon Bungaroo Creekave been
sampled as part of thengoing Pilbard&egionalAquaic Program fotthe Proponentsee WRM 2016)A
total of 83 macroinvertebrate taxa were collected frordalleen Poofrom a total three sampling
occasionswet (March)and dry seasonOctober)2010and wet season (March011 (WRM 2013) A
total of 190macroinvertebrate taxavere recordedfrom Nyeetbury Springrom a total 13occasions
duringbiannualsampling (wetinddry seasons) between ar@ctober2009 andMay 2016 (WRM 2016)

The composition of macroinvertebrate taxacorded duringall of the above studieswas typical of
freshwater systems throughout the worlgHynes 1970)being dominated by Insecténsects) within
which Dipteraflies)and Coleopterdbeetles)were particularly well represented

Of the macroinvertebrate fauna recorded from the Robe Riegchment two species are listed for
conservation significance (IUCN Refl), andsixare of scientific interest, bein®ilbaraendemicsand/or
relatively new to scienceAll potertially occurwithin the Roject area. Three other Pilbara endemg
have thepotential to occur withinthe Roject area(having been recorded with 100 kn), andbased on
their known dispersal capabilitigge. with wingedadult forms with strong capacity for flight)These
species are as follows:

A Conservation listed speciescorded from the Robe Riveatchment

Eurysticta coolawanyafPilbara pin damselflf)UCN Near Threatengd
Hemicordulia koominéPilbara emerald dragonfl)UCN Near Threatened)

A Pilbara endemispeciegecorded fromthe Robe Rivetatchment

Agriocnemis kunjingPilbara wispdlamselfly)
Ictinogomphus dobsoffPilbara tigedragonfly)
Nannophlebia injibandPilbara archtaitiragonfly)
Tiporus tambrey(divingbeetle),

Laccobiusilli (water scavenger beetlg)

Haliplus halsefcrawling waterbeetle),

A Pilbara endemispeciegecorded from other locations within 1@km of the Projecarea
- Sternopriscus pilbaraengdivingbeetle),
- Tiporus lachlanidivingbeetle),
- Halipluspilbaraensigcrawling watetbeetle).
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The Pilbargin damselfly Eurystictacoolawanyah(Plate 1A-B), is restricted to the Pilbara region, where

it prefers riverine pools with an abundance of perching mediueg. émergent reeds or overhanging
riparian vegetation).E. coolawanyakhas been collected from Robe River pools by Streamtec/UWA, and
from Bungaroo Creek by WRM (&)1201§. It hasalso been previously recorded at Chalyarn Pool
(Pinderet al. 2010). E. cotawanyahis listedas Near Threatenén the IUCN Red List of Threatened
Species (IUCN 2016), based on its (initially recorded) restricted distribution to an area of less than 500
km? and it being thought to occur at less than five locations (Millstr&tation, Nanuturra Pools, Palm
Pool and the Millstream areahowever, it has since been recorded from over 40 locations throughout
the Pilbara (Pindeet al. 2010). Hawking (2009a) lists no known threats currently, or in the near future,
to this species. WRM ha& encountered E. coolawanyahn habitats with a range in frequency of
inundation and degree of persistence, including permanent/spermanent pools, permanent springs,
ephemeral pools and sites permanently inundated and flowing due to dewateisechatge operations,

for exampleat Weeli Wolli Spring.

The Pilbara emerald dragonflyHemicordulia koomina(Plate 15D), has been recorded by
Streamtec/UWA fronthe Robe Riverand from Red Hill Creeky Pinderet al. (2010). It is known to
prefer large permanent/semipermanent pools H. koominais currently listed as Near Threatened on
the IUCN Redist (IUCN 203®ut this listing isin need of revisiomivenits more recent collectioafrom
numerous localities acrosseveral river catchmentsncludng the Fortescue River (Hamersley Gorge
Fortescue Falls, Kalgan Creek), DeGrey River (Bamboo Sdiitigarra Creek), Ashburton River system
(Moreton Pool, Creek Pool near Mt Amy, Henry River pools, Pool at Gorge Jyrghiertock River (Pool
Spring) and Shaw River (Panorama Spring). Desjigewidespread occurren¢geH. koominais
infrequently collected likely due to its preference for large, permanent poaldich aresomewhat
uncommon in the Pilbara region and inherently difficult to samplhemajor threat to this species is
considered to be loss of habitat.€. drying of permanent pools/waterways) through groundwater
abstraction (Hawking 2009b).

Both of these speciegarticularly the large dragonfld. koomina are likely tohave excellentispersal
capabilities in their wingeddult form (see Plate 1). Disperséhg¢ movement of individualfom one

site to another)is an integral factor in determining the composition of biot@di communities
(Palmeret al. 1996, Leiboldet al. 2004). Arial dispersal by wingeddult invertebrate fauna€.g.
Odonata, Coleoptera, Hemiptera, Ephemeroptera, Diptera and Trichomtrahas been recognised as
the most important pathway for colonisation in arid and serd wetlands (Graynd Fisher 1981).
Heavy rainfall during the wet season also serves as a cue for many aquatic invertebraterrageate
from perennial wetlands to colonise more ephemeral bodies of wadtgtld and Poff 2004). Giventheir
proficient dispersal capabilities, and the record of these species at multiple locations within close
proximity to the Projectareq it is considered likely that macroinvertebrate sampling could reveal the
presence obne or both ofE.coolawanyator H. koominawithin the Projectarea

* A species is listed under the IUCN Red List as 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 (IJUCN 2016).
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i : 244’ _
Plate 1. Pilbara pin damselfly, Eurysticta coolawanyah (A) nymph and (B) adult, and Pilbara emerald dragonfly
Hemicordulia koomina (C) nymph and (D) adult (photos A and D courtesy of Jan Taylor ©).

The endemic Pilbara tiger dragonflfctinogomphusdobsonj is recorded infrequently and in low
abundances from permanent still or sluggish waters of the Pilbegion (Watson 1991). It is known
from a numberof sites along the Fortescue, Robe, Ashburton, Yule, DeGrey and SherlockDE€rs (
2009, Pindeet al. 2019 CSIRO 20)5 Near the Project ared, dobsonhas beerrecorded frompools
along the Robe River (Streamt&BNVA), Mungarathoona Creek (Chalyafool) and Red Hill Creek
(Pinderet al. 2010.

The Pilbara archtail dragonflfNannophlebiainjibandi is also restricted to the Pilbara region. This
species was recorded infrequently during the PBSMillstream Delta and Gregory Gorge the
FortescueRiver catchmen{Pinderet al. 2010). Within the vicinity of the Project ardd, injibandihas
beenrecorded from Robe River poatear Mesa HStreamtec/UWARNd from Red Hill Creek (WRM
2009).

The Pilbaravisp damselfiAgriocnemis kunjinds a Pilbara endemic rarely encountered. It is previously
known from Millstream, Harding River, and Tanberry Creek (ANIC Databasever, it was not
recorded during the PBS (Pindetr al. 2010). A. kunjinais known from both still and flowing waters
(TheischingeandHawking 2006), and has been recordedm Robe River pools the vicinity ofthe
Project areg Streamtec/UWA) anétom Yalleen Pool (WRM 2013

The aquatic hydrophilid beetleaccobius billis a Pilbara endemic species tha@sois raely collected.
L.billi was only recorded from one site durinhge PBS Cangan Pool on the Yule River (Pinekeal.

2010). WRM (2009) ecordedLaccobius billat Mungarathoona Creelaind froma number of Red Hill
Creek sites.

The haliplid beetlesialiplus halseand H. pilbaraensisare bothendemic to the Pilbara region, and are
relatively new to science, having only bestently describedWatts and McRae 2010) Each species
appears to occur widely throughout the Pilbara, and havenbesordedat localities such aGlen Ross
Creek, Coondiner Pool, the Fortescue Marsh, Moreton Pool, Paradise Pool, Munreemya Billabong,
Wackilina Creek Pool, West Peawah Creek Pool, Harding River Pool, andnameah creekin
Millstream (Wattsand McRae 2010)Claser to the Project aredjlaliplushalseihas been recordettom
Chalyarn Pool and Myannore Creek during the PBS (Pétdxr2010), whileHalipluspilbaraensishas

been recordedrom Red Hill CreekydWRM(2009).

Thedytiscid beetleSternopriscupilbaraensids endemic to the Pilbaras relatively commorand known
from a range of systems, includiied Hill Creekhe Fortescue River (Gregory Gorge and Kalgan Pool),
Ashburton River (Bobswim Pool, Yandabiddy Pool, Whiskey Rsbbhurton at Gorgelunction,
Innawally Pool and Rocky Island Po@gGrey River (Pool at Yarrie Homestead, Pelican pool on
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Nullagine, Tanguin Rockhole, Paradise Pool, Munereemya Billabong, CarleecarleethoijriRyaota
Creek Pools, Bonnie Pool, Cookes Creek Pools, iguwaters and Pool on TongolocRudall River
(Watrara Creek Poolghaw RiverRanorama Springgherlock River (Kangan Pool) and the Harding River
(Harding River Pool) (Pindetral.2010).

The dving beetlesTiporus tambreyand T. lachlaniare alsorelativelycommon and widespread across
the region (Pindeet al.2010, WRM unpub. datathoughT. lachlanis lesdrequentlyencounteredthan
its congener (Pindest al. 2010, WRM unpub. data)ln the vicinity ofthe Project areaT. tambreyihas
beenrecorded fromRobe River pools (Streamtec/UWRhalyarn Pool (Pindet al.2010)and Red Hill
Creek (WRN2009, Pindeet al.2010), whileT. lachlanhas only been previously rea®d from Red Hill
Creek (Pindeet al. 2010).

3.4 Fish

The fish fauna of the Pilbara region is unique, vWiBireshwater species recordddom inland waterdo
date, including catadromousspecies(Allen et al. 2002, Morganand Gill 2004). Of the freshwater
species, three (or possibly four) are consideredlaamic to the region. These include the golden
gudgeon Kypseleotris auréa the Murchison River hardyheadCraterocephalus cuneicépsone
undescribed eetailed catfish, the Pilbara tanddﬂeosilurussp?, and the conservation listed Fortescue
grunter (eiopotherapon ahened¢Morganand Gill 2004).L. aheneug¢Plate 2 is currently listed on the
IUCN Red List of Threatened Speciet@ser Risk/Near ThreatengtlJCN 2016)and as aPriority 4
(P4) species on theParks and WildlifePriority Fauna LisfParks and Wildlif€2016). The Fortescue
grunter has a restricted distribution within the Pilbara, and is only known from the Fortescue, Robe and
Ashburton River systems (Allet al. 2002 Morganand Gill 2004). This specids considered tde
reasorably common within its range.

Plate 2. Fortescue grunter Leiopotherapon aheneus. Photo by Chris Hofmeester (WRM) ©.

Other knownspecies fronPilbarainland watersinclude the spangled percl.€iopotherapon unicotd,
barred grunter Amniataba percoidgs western rainbowfish Nlelanotaenia australis bony bream
(Nematalosa erebj flathead goby Glossogobius giudisempire gudgeon Hypseleotris compresga

| @ NI f Qa -tailed/cfislyNedsifis tyrtii), blue catfish or lesser salmon catfisAr{us graeffe),

and the Indian shortinned eel Anguilla bicoloy (Allenet al.2002, Morga and Gill 2004, Beesley 2006).
The most common and widespread species are spangled perch, western rainbowfibbrgntiream

(Pate 3). The western rainbowfish, for example, has a range extending from the Ashburton River in the
Pilbara to the Adelaide River near Darwin, inhabiting rivers, creeks, psyalakes and reservoirs

® Catadromous fishes live in freshwater as juveniles or sub-adults, but migrate to marine habitats to spawn.

® Previously referred to as Neosilurus hyrtlii. Recent genetic evidence indicates the Pilbara species is distinct from elsewhere in
Australia (Peter Unmack, National Evolutionary Synthesis Centre, North Carolina, pers. comm.).

P4 species are those with limited distributi on's fii n n e e dPakd ancwildiifie 2046).i n g o (
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(Allenet al. 2002). Spangled perch and bony bream a2 Yy aA RSNBER (G2 0SS (g2
widespread freshwater fish species, found in drainages throughout the Pilbara, Kimberley, Northern
Territory, Queensland, northern New South Wales, as well as in Lake Eyre and the-Dantay
system (Alleret al. 2002).

In addition, the Pilbara Drainage Division contains two endemic cave fissteigted tothe North West
Caperegion the blind gudgeon Nlilyeringa veritay and the blind cave eelphisternon candidujn
(Allenet al. 2002, Morga and Gill 2004) Both M. veritasand O. candidumare listed asvVulnerable
under the EPBC Act.

AR

Plate 3. The three most commonly encountered freshwater fish species in the Pilbara; (A) western rainbowfish
Melanotaenia australis, (B) spangled perch Leiopotherapon unicolor and (C) Pilbara tandan Neosilurus sp. (photos
courtesy of Mark Allen ©).

Freshwatersystemsof the Pilbara also host a number species thatire considered to be of marine or
estuarine origin, most bwhich have a norobligatory freshwater juvenile phaseThesecommonly
include barramundi l(ates calcarifgr mangrove jackL{tjanus argentimaculatys sea mullet Mugil
cephalu3 andtarpon orox-eye herring iMegalops cyprinoidggMorganand Gill 2004).The presence of
marine/estuarine species iineshwater systemsf the Pilbara is likely to be influenced by the frequency,
timing and duration of flood events; the species listed above would only enter riverfodding
coincided with thé& recruitment phasewhile distance movedipstream isgoverned bythe duration of

the flood event (Morgarand Gill 2004). As floods recede, it is common for these species to become
isolated in permanent upstream pools, forming small remnant populationsaretutoff from marine
habitats (Morgarand Gill 2004)

Streamtec/lUWA sampled the fish fauna Bbbe River poolsising seine nets, dip nets, and visual
observation. Sikreshwater fish speciewere recordedjncluding western rainbowfish, spangled pbyr
Pilbara tandan, barred gruntelbpny bream and the conservation listed Fortescue grunfsstditionally,
five marine vagant/estuarine speciesere recorded includingtarpon, banded scat or striped butterfish
(Selenotoca multifasciajathreadfin siler-biddy (Gerredilamentosu$, sea mulleend mangrove jack.

Morgan and Gill (2004) surveyed fdRobe River sites for fislsinga combination osampling methods
(refer Table 1) Six freshwater species were again recordeestern rainbowfishspangled perch,
Pilbara tandan, barred gruntebony breamand Fortescue gruntgr however, no marinedstuarine
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species were reported MorganandGill(2004) also included historic records from th@&/estern
Australian Museum (WAMphat list empire gudgeoras occurring in th&obeRiver in the vicinity othe
Project area

The Department of Water (DoW) conducted a review of the ecological values of the lower Robe River,
west of the North West Coastal Highy crossing point and Mesa Warramboo deposits, whh
included a summary of the freshwater and estuarine fish fauna of that reach (Am@&raimbridge

2010). The review did not document any species from the lower Robe Riverdhamnat recorded by
StreamtecUWA or Morgan and Gill (2004).

WRM (2016)has recorded seve species from Nyeetbury Spriran upper Bungaroo Creek; Pilbara
tandan, western rainbowfish, flathead goby, spangled perch, Fortescue grunter, barred grunter, and a
fish that appears to be a hybrlaetween two of the three cabccurring teapontids(grunters;spangled

perch, barred grunterand Fortescue gmnter). At Yalleen Pool on Bungaroo Creek, WRAM13)
recorded only wesrn rainbowfish, spangled perand Pilbara tandanWRM(2009)alsosurveyed the

fish fauna ofupperMungarathoona Creekecording five speciesvestern rainbowfish spangled perch,
Pilbara tandanbarred grunter and~ortescue grunter

3.5 Other Fauna
3.5.1 Turtles

Although not typicallyargetedin aquatic surveys, one speciesnattive turle is known from the Pilbara
region the flat-shelledChelodina steindachneriThis speciebas a widespread distribution throughout
the Pilbara having been recorded from most major river systemthe region, from the DeGrey River in
the north to the Murchison River in the soufKuchling 1988, WRMnpub. datg. These turtles are
adapted to survive droght by burrowing into the dryiver beds (Kuchling 1988). Only one clutch of
seven to eightelatively small eggs is laid each year; a pattern that appears to be adaptectlatively
long period of aestivation of up to three years (Kuchling 1988).

EPA (1991) not€helodina steindachnesis present at Gnieraoora and Martangkuibat do not state
the source of the recordsvhich was possiblthe 1991 surveyy Streamtec/UWA Neither Antao and
Braimbridge (2010por Pinderet al. (2010)documentturtles. Similarly, turtlesvere nd recorded or
observed at upperMungarathoona Crde or Red Hill Creek by WRM (2008pwever, given its
widespread distribution across the Pilbara region, it is possible@haiodina steindachnemay reside
in poolsin the vicinity ofthe Project area.

3.5.2 Frogs

The Pilbara is host t&3 species of frogs, three of which are endemic to the regiRseudophryne
douglasi (Gorge toadlet),Uperoleia glandulosdGlandular toadlet) andJ. saxatilis(Pilbara toadlet)
(TylerandDoughty 2009,Doughty et al. 201). None of these species amurrently listed for
conservation significangeéhoughU. saxatilishas only recently been described (Catwdtoal. 2011). U.
saxatilisis broadly distributed throughout the Pilbaragcurring in or near rocky creeks, and appears to
be adapted to rocky landapes (Catullet al. 2011, Doughtyet al. 2011). U. glandulosahas a more
restricted distribution in the northern coastal Pilbara but penetrates inland aldmg Yule River
drainage (Catullet al. 2011, Doughtyet al. 2011). Pseudophryne douglas arare species that has an
ancient relictual arid distribution separate from other toadlets (Douggitgl. 2011, WA Museum).

The Pilbara, Gascoyne and Murchison populationthefdesert tree froglLitoria rubella are separated
from Kimberley and Northma Territory populations by the Great Sandy Desdrt.rubellais known to
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occur in a wide range of habitats across northern Australia, including northern Western Australia,
Northern Territory, northeast of South Australia, Queensland, and northern Newtts Wales
(TylerandKnight 2011).The desert tree frog is commonly found sheltering under stones or bark around
creeks and waterholes, and can breed at any time of jfe@ater is present (TylandKnight 2011).

Frogs are difficult to survey in tHeilbara region, asapturesare typicallydependent on rainfall that is
spatially and temporallyariable(Doughtyet al. 2011) Many frog species dhe Pilbara aestivate over
dry periods to avoid desiccation, emerging following rainsomgportunisticaly breed and spawn
(Tylerand Doughty 2009).No data were available on targeted frog surveyshe vicinityof the Project
area and although there have been a number of terrestrial vertebrate estgng.g. Biota 2005, 2006b,
2009, Strategen 2006), fewhave recorded frogs Biota (2006a) recordedwo species of Hylidae
(treefrogs):L.rubellaand Cyclorana maini and one Myobatrachidae gouthern frog speciesUperoleia
russelliduring baseline surveys for thdesa A/Warrambooproject area In additionto L. rubellaand
U.russellj Biota (2009) recorded the ornate burrowing froglatyplectrum ornatus(formerly
Limnodynastes ornatiifrom the Red Hill Creek catchment.

36 Summary of Known Species of Conservation and/or Scientific Interest

Table2 below provides a summary of known aquatic invertebrates (including hyporheos) and fish of
conservation and/or scientific interest.
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Table 2. Aquatic species (invertebrates and fish) of conservation and/or scientific value known to occur, or likely to occur, within the Project area.

Species

Microinvertebrates

Common
name

Scientific value

Conservation listing

Occurrence within 100 km of
Project area

Likelihood of
occurrence within
the Project area

Occurrence elsewhere

High in surface

Weeli Wolli Ck, Marillana Ck,
Coondiner Ck, Mindy Mindy

Lecane noobjupi Rotifer WA endemic N/A Nyeetbury Spring, Red Hill Creek waters Ck, Kalgan Ck and Un-named
Ck, DeGrey R. Also in SW
Western Australia
Copepod -
Paracyclops sp. 6 (micro- Pilbara endemic N/A Chalyarn Pool \t'vlagtz:g surface 20+ locations Pilbara-wide
crustacean)
Ostracod L Various systems of the
. . . . High in surface
Vestalenula matildae | (micro- Pilbara endemic N/A Chalyarn Pool Ashburton R., DeGrey R.,
waters
crustacean) Fortescue R. and Sherlock R.
Hyporheos
. High in ground- . .
-, Stygal ) Yalleen Pool, Red Hill Ck, Unknown given family level
Paramelitidae spp. ) Potential SRE N/A waters and h L
amphipods Mungarathoona Ck. hyporheos identification.
High in ground-
-, Stygal ) Bores across the Robe River waters; Low- Unknown given family level
Melitidae spp. amphipods Potential SRE N/A catchment area moderate in identification
hyporheos
Bores in the lower Robe River Recently described species;
Haptolana yarraloola | Stygal isopod | Potential SRE N/A catchment area i Low known only from Mesa A/
Mesa A/Warramboo/Yarraloola Warramboo/Yarraloola bores
’ . Recently described genus and
Bores in the lower Robe River Y
Kagalana tonde Stygal isopod Potential SRE N/A catchment area 1 Low Species, elsewhere knowq from
Cane River and Hardey River
MesaA/Warramboo/Yarraloola
catchments
. . Chalyarn Pool, Nyeetbury Spring, High in ground- . . .
Pllék:a;?g;irceuaéomus Stygal isopod | Potential SRE N/A Bores in the water and \évoiezsllﬂl\{\r{r?!g:f’(ggﬁgﬂ;e; g l;
platy Robe River catchment area hyporheos ’
Uncertain. Members of this
One undescribed species known from High in ground- genus restricted to either
Pygolabis sp. Stygal isopod | Potential SRE N/A - P water and Fortescue, Ashburton or Robe
the Robe River catchment
hyporheos catchment groundwater and
hyporheos
Low-moderate; only
- . . . known from Unknown given genus level
Tainisopus sp. Stygal isopod | Potential SRE N/A Nyeetbury Spring Nyeetbury Spring identification
hyporheos
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Species

Parabathynellidae
spp.

Common
name

Stygal
syncarids

Scientific value

Potential SRE

Conservation listing

N/A

Occurrence within 100 km of
Project area

Unknown given genus level
identification

Likelihood of
occurrence within
the Project area

High in ground-
waters; Low-
moderate in
hyporheos

Occurrence elsewhere

Unknown given genus level
identification

Macroinvertebrates

Fortescue R., Coondiner Ck;

Hemicordulia Pilbara emerald| .. . Robe River pools, High in surface now known to be widespread
koomina dragonfly Pilbara endemic IUCN, Near Threatened Red Hill Ck. waters throughout the Pilbara, though
infrequently collected
. . . . I Ashburton R. (Bobswim Pool);
Eurysticta Pilbara pin . . Chalyarn Pool, Robe River pools, High in surface . . e
coolawanyah damselfly Pilbara endemic IUCN, Near Threatened valleen Pool waters Kalgan Ck; Coondiner Ck;
Fortescue R.
Ictinogomphus Pilbara tiger . . Chalyarn Pool, Robe River pools, Red| High in surface Fortescue, Ashburton, Yule,
dobsoni dragonfly Pilbara endemic N/A Hill Ck. waters DeGrey and Sherlock rivers
Nannophlebia Pilbara archtail . . . . Low-Moderate in Fortescue R. catchment, but
injibandi dragonfly Pilbara endemic N/A Robe River pools, Red Hill Ck. surface waters uncommonly collected
Agriocnemis Pilbara wisp . . Robe River Pools, Low-Moderate in Millstream, Harding River,
- Pilbara endemic N/A .
kunjina damselfly Yalleen Pool surface waters Tanberry Ck; rarely collected
Uncommonly collected from
Haliplus halsei Aguatic beetle | Pilbara endemic N/A Chalyarn Pool, Myannore Ck. Low-Moderate in ephemeral systems and
surface waters claypans, e.g. the Fortescue
Marsh and Coondiner Pool
Uncommonly collected from
Haliplus pilbaraensis | Aquatic beetle | Pilbara endemic N/A Red Hill Ck. Low-Moderate in ephemeral systems and
surface waters claypans, e.g. the Fortescue
Marsh and Coondiner Pool
. . A range of systems across the
S.ternopnsg:us Diving beetle Pilbara endemic N/A Red Hill Ck. Moderate in surface Pilbara, fairly commonly
pilbaraensis waters
collected
. ik A range of systems across the
Tiporus tambreyi Diving beetle Pilbara endemic N/A Chalyarn Pool, Robe River pools, Red| Moderate-High in Pilbara, very commonly
Hill Ck. surface waters
collected
Tiporus lachlani Diving beetle Pilbara endemic N/A Red Hill Ck. Low-Moderate in A range .Of systems across the
surface waters Pilbara, infrequently collected
Laccobius billi Aguatic beetle | Pilbara endemic N/A Mungarathoona CK, Low-Moderate in Yule R. and Fortescue R.

Red Hill Ck.

surface waters
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Species

Fish

Common
name

Scientific value

Conservation listing

Occurrence within 100 km of
Project area

Likelihood of
occurrence within
the Project area

Occurrence elsewhere

Leiopotherapon
aheneus

Fortescue
grunter

Pilbara endemic

IUCN Near Threatened;
Parks and Wildlife P4

Robe River pools,
Red Hill Ck., Mungarathoona Ck.

High in surface
waters

Fortescue R (below Fortescue
Marsh); Ashburton R.
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4 METHODS FOR BASELSNIRVEYS
4.1 General

For the current bseline field ampling, WRMemployed sampling design, methods and general
approaches consistent with the following:

A Australian and New Zealand Guidelines for Fresh andarind Water Quality
(ANZECC/ARMCARDO);

A Environment Protection Authority (EPA) Guidance No. 20, Sagnpli Short Range Endemic
Invertebrate Fauna for Environmental Impact Assessment in Western Australia (EPA 2009);

A EPA Position Statement No. 3, Terrestrial Biological Surveys as an Element of Biodiversity
Protection (EPA 2002);

A EPA Guidance No. 56, Terrestrial Fauna Surveys for Environmental Impact Assessment in Western
Australia (EPA 2004).

Aquatic fiuna sampling mthods were also similar tthe following

A Streamtec/UWAsurveys obenthic macroinvertebrateof the Robe River (seé@obbsand Davies
2009 Streamtec2014);

A Parks and Wildlifsurveys obenthic macroinvertebratefor the regionalPilbara Biological Survey
(PBSjseePinderet al.2010)

4.2 Licences

This study was conducted undeepartment ofFisherie{DoF)Exemption#2706(Authority to Take Fish
for Scientific Purposes), arigarks and WildliféLicence SHM732 Licence to Take Fauna for Scientific
Purposes).

As a condition of these licences, taxa lists and reports are required to be submitted to the respective
government departmentsand have been done so.

4.3 SamplingdesignandSites

The sampling design ian mBACI rhultiple Controls- Beford After - Control/impact) type design
(Keoughand Mapstone 1995).Location and number ofites were selected to provide data for robust
statistical analysiandto meet requirements osuch a designAn mBACI desigs considered ideal for

impact assessment, as impacts may be placed in context with natural terspat@l catchment
changes. AmBACI type design provides botarichmarkinformation as well as a strong basis to detect

future changes.Reference sites upstremofthe Project areavere selectedtéi SNIWS Fa GKS O+
potentially impacted sitesSurveysonductedin April/May 2016 are part ahe benchmark otx 6 S ¥ 2 NB €
phaseagainst which to assess apgtential future changes.

Sampling was conductetlring the late wet season, between®8pril and 7' May 2016.
Atotal of 12 poolswere sampled along the main channel of the Robe Rivablé 3andFigurel). Sites

included sixpotentially exposed sites within theredictedsurface extenbf dewatering discharge, and
six reference sites upstream of tdenmawurradaCreekRobe Riveconfluence.
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Table 3. Aquatic ecosystem sampling sites on the Robe River. Equivalent sites monitored by Streamtec/UWA are also indicated.

GPS co-ordinates

Maximum wetted width,
length and depth of

i ioti (zone 50 K) Date Streamtec/
WRM Site Description sampled pool (m) UWA site
Easting Northing Width = Length
Reference RRU1 Approx. 3.7 km upstream of Pannawonica Hill. 435628 | 7603253 | 05-05-16 20 100 1.2
Approx. 600 m downstream of Streamtec/UWA site at Pannawonica
RRU2 Pannawonica Hill Pool; upper end of Medawandy Waters area, 431811 | 7602046 | 28-04-16 9 55 3.0 Hill
adjacent Mesa N.
RRU3 App!’ox. 1.6 km downstream of Pannawonica Hill, near Mesa N; 430912 | 7601562 | 28-04-16 5 3 10 Medawandy
within the Medawandy Waters area.
Approx. 1.5 km downstream of RRU3; within the Medawandy
RRU4 Waters area, in the vicinity of Mesa M. 429677 | 7601439 | 28-04-16 20 120 1.0
RRUS Approx. 1 km dc_)wnstream of RRU4; within the Medawandy 428769 | 7601342 | 29-04-16 10 20 12
waters area, adjacent Mesa L.
RRU6 Approx. 1 km upstream of Jimmawurrada Creek confluence; lower 424573 | 7597240 | 07-05-16 12 20 0.6
end of the Medawandy waters area, at base of Mesa L.
Potentially Martangkuna; approx. 600 m downstream of existing Mesa J A
Exposed RRD1 dewatering discharge point (i.e. western discharge point). 417110 | 7598094 | 30-04-16 3 7 08 Martangkuna
RRD2 Approx. 0.9 km downstream of RRD2. 416245 | 7598031 | 30-04-16 6 12 0.7
RRD3 Approx. 1 km downstream of RRD3. 415309 | 7598013 | 30-04-16 5 25 1.0
RRD4 gﬁjpf)frox. 1.1 km downstream of RRD3; 1 km upstream of Yeera 414419 | 7597633 | 29-04-16 20 150 20
; * .
RRDS Gnieraroora / Dthulurat* at Yeera BIuff; 8.6 km downstream of 414426 | 7596622 | 29-04-16 o5 25 40 | Gnieracora
existing Mesa J western discharge point.
Approx. 12.5 km downstream of existing Mesa J western
RRD6 discharge point; within projected discharge footprint (at 20 411415 | 7594924 | 30-04-16 30 20 1.2

ML/day).

* Dthulurat = Western Guruma name.

29



Mesa H Baseline Aquatic Ecosystem $ufletySeasdbampling 2016

The original intent was that the assessment would utilise, wherever poskibgterm data from dies
sampled by Streamtec/UWAowever, aly two of these sites arcated within the predicted footprint
of surface discharge extenMartangkuna (RRD1) and Gnierao®@#iulurat (RRD5). Therefore, four
new sites (RD2, RRD3, ARD4 and RRD6) were added taallow a more robust characterisation of
ecological condition withithis reach(Table 3and Figure }. These sitemay also beexposed to any
runoff from theProjectarea

Of the sites sampled by Streamtec/UWpstream of the JimmawurradBobe confluence, two were
selected ageferene sites for the Projecareg Medawandyand Pannawonica Hill Padhowever, only
Medawandy (RRUS3) held surface water at the time of sampling in-Mpyil2016. Therefore, five new
reference sites were establishedithin the Medawandy Waters area; RRU1, RRU2, RRU4, RRUS5 and
RRUG6 (Table @&dFigure 1).Site photographs are provided in Appendix 1.

The 2016 samplingwas timed tocorrespond withrecessional flow conditions at the eraf the wet
(ApritMay) season. It was considered that the end of the wet season would be a more ecologically
important time of year to sample, as biological diversity would be expected to be at its highest. By
comparison, lower biological diversity mdoe expected at thestart of the wet season, as many
invertebrate fauna would not yet have emerged/colonised the seasonal creeks.

4.4 Water Quality

At each site, pH, dissolved oxygen and temperature were medsiur situ using haneheld
WissenschatftliciTechnischéVerkstatten (WTW) field meters Meters were calibrated immediately

prior to field surveys.Water depth was measured using a graduated pdlmdisturbedwater samples

were collected for laboratory analyses of major ioatkainity, dissolved metalsnutrients and total
suspended solidsTEE Water samples fornitrogen and phosphorusiutrient and dissolved metal
analyss were filterk Ay GKS FASEIR GKNRdzZZAK nonp >Y VYAINRBOS
sample botles and filtering equipmentised for dissolved metalwere acidwashed (0.1% tic acid)
priortouse.. 23 Gf S& YR FTA{GSNBR dzaSR FT2N) ydziNASyida &SN
from nitric acid. Water samples formnalysis ofdissolvedmetals and nutrientswere collected using

nitrile gloves. All samples weraloublewrapped in polyethylene zifpck bags andkept coolon ice

packsin an esky while in the fieldnd during transport. At the end of each field dagmples were

either refrigerated (ionsand metals)or frozen (nutrients). Samples were stored refrigerated or frozen

for a maximum of 10 days prior to transport on ice to analytical laboratories at ChemCentre, Bentley,
together with chairof-custody forms.All water quality variables measured are summarised able 4.

4.4.1 Comparison against ANZECC/ARMCANZ Guidelines

Water quality data were compared against defaiiZECC/ARMCANZ (20@0idelines(trigger values)

for the protection of freshwater ecosysten{grovided in Appendix 2) Default trigger values TV$ for

95% aquatic species protection were considemaole appropriatethan default TVs for 99% protection,

given thatthe Robe River catchmelin the vicinity of current miningperationsis already slightlyo
moderately disturbed by historic mining and pastoral practi¢esategen 2006) In accordance with
ANZECC/ARMCANZ (2000) however, the default 99% TVs were applied to bioaccumulatinguofetals

as selenium For metalsand nutrients dissolved concemations (n ®np >Y FA{DWEGNBR &
compared to he default TVs Filtered concentrations were consideradetter reflection othe fraction

that may be bioavailableBy contrast, smparison of the default TVs to the total metal total nutrient
concentrationmay overestimate the risk to the environmefRNZECC/ARMCANZ 2000)
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Table 4. Measured and derived water quality and habitat parameters. Metals (Al, As, B, Ba, Cd, Co, Cr, Cu, Fe, Mn,
Mo, Ni, Pb, S, Se, U, V, Zn) and nutrients (N-NHz, N-NO2, N-NO3, N-NOx, N-total, P-total) were measured as
dissolved concentration. All units for water quality parameters are mg/L unless stated otherwise.

\éV;taegqutlé?IS'ty Code Habitat Parameters Code
Temperature (°C) Temp Maximum pool depth (m) depth
pH (H") pH Maximum wetted length of pool (m) length
Dissolved oxygen (%) DO% Mean wetted width of pool (m) width
Dissolved oxygen (mg/L) DO Mineral substrates (total % cover within habitat) min
Conductivity (n/cm) EC Bedrock (% cover) bedr
Redox (mV) Redox Boulders >256 mm (% cover) boul
Alkalinity (as CaCOs3) Alk Cobbles 64-256 mm (% cover) cobb
Ammonia N-NH; Pebbles 16-64 mm (% cover) pebb
Arsenic As Gravel 4-16 mm (% cover) grav
Barium Ba Sand 1-4 mm (% cover) sand
Boron B Silt <1 mm (% cover) silt
Cadmium Cd Mean patrticle size (from substrate proportions) phi
Calcium) Ca Emergent macrophyte (% cover) emerg
Carbonate CO3 Submerged macrophyte (% cover) submerg
Chloride (mg/L) Cl Floating macrophyte (% cover) float
Chromium (ng/L) Cr Algae (% cover) algae
Copper (ng/L) Cu Detritus (% cover) detr
Hardness (as CaCOs) Hard Riparian vegetation canopy (% canopy cover) ripvegco
Hydrogen carbonate HCO; Large woody debris (>10 cm diameter) (% cover) LWD
Iron Fe Root mats (% cover) rootm
Lead Pb Trailing riparian vegetation (% cover) ripveg
Magnesium Mg Habitat diversity (total no. of habitat types) habdiv
Manganese Mn Substrate compaction (1 = loose, to 5 = armoured)  compct
Nickel Ni Substrate diversity (total no. substrate types) subdiv
Nitrate-nitrogen N-NO3

Nitrite-nitrogen N-NO,

Nitrogen oxides N-NOx

Nitrogen-total N-total

Phosphorus-total P-total

Potassium K

Selenium Se

Sodium Na

Sulfate S-S0,

Sulfur S

Total dissolved solids TDS

Total suspended solids TSS

Uranium U

Vanadium \Y

Zinc Zn

4.5 Habitat Characteristics

Details of habitat characteristics at each sitere recorded(Table 4 to assist in explaining any patterns

in faunal assemblages, particularly dueetastingdifferences in benthic substrate compositioRlabitat
parametes were assessed for the approximatellO m section of river over which each
macroinvertebratesample wa collected.Water depth was measured with a graduatedle. Substrate

type wasvisually assessed angcorded asestimated percent cover by bedrock, boulders, cobbles,
pebbles, gravel, sand, silt and clay, from which mean particlensizeletermined ugng the phi scale.

As an indication of habitat heterogeneity, the number of organic and inorganic substrate types
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represented at each site was totalled Habitat characteristics recorded includestimated percent
cover byinorganic sediment, submerged macrophyte, floating macrophyte, emergent macrophyte,
algae, large woody debris, detritus, roots and trailing vegetation.

WRM has specific worksheets for this task to engjualitative habitat recordings between sites are as
compardle as possibleTo limit variation due to different observers, all estimations were made by the
same sampler.

4.6 Microinvertebrate@ooplankton)

Microinvertebrate samples were collected from each site
by gentle sweeping over an approximate 15 m distance
with a 53mm meshplanktonnet (Plate 4) Care was taken
not to disturb the benthos (bottom sedimentsjuring
sampling Samples were preserved in 70% ethaaod
sent to Dr Rusdl Shielat the University ofAdelaide
South Australia,for processing. Dr Shiel is a world
authority on microfauna, with extensive experience in
fauna survey and impact assessment across Alastia,
including the Pilbara.

Plate 4. Microinvertebrate sampling at RRD4.
Microinvertebrate samples were processed idgntifying
the first 200300 individuals encountered in an agitated sample decanted into a 125gmdded plastic
tray, with the tray then scanned for additional missed taxa dken to species and recorded as
WLINBaASyGQo {LISOAYSya 6SNB A ReyspdciEsh & Rorphdtypesi K S
Abundance data were reported &30, scale abundance classe®(1 =individual, 2 = 210 individuals,
3 = 11100 individials,4 = 1031000 individuals5 = >1000) Where specific names could not be
assigned, vouchers were established. These vouchers areblgeldrShiel at Adelaide University,
Adelaide, Australia.

4.7 Hyporheos

At each site, hyporheic sampling was conducted using the
KaamanChappuis method (DelamaBeboutteville1960).
This involved digging hole approximately 20 cm deepdn
40 cm diameter in alluvial gravels in dry streambegheent
G2 GKS 41 0SNRa SR@bfbtratd with 2 Ay 3 (KS K2 S
water, and sweeping the water column with a modified 110
um mesh plankton net (Platé). The water column was
swept immediately after the hole had filled, and again after
approx. 30 minutes,once othe sampling had been
conducted.
. Plate 5. Hyporheic sampling at RRU3.
Samples were preserved in 70% ethanol and returned to the
laboratory for processing. Amguaticfauna present was removed from samples by sorting under a low
power dissecting microscopeln-house expertise was used to identiiye majority of hyporheidaxa
using available published keys and through reference to the established voucher collections held by
WRM. External specialist taxonomic expertise wascgutiracted to assist with Chironomidae (Dr Don
Edward UWA) andnicro-crustacegDr Russl Shid, Universityof Adelaide.
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