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EXECUTIVE SUMMARY

This report ments the results of the2202ep River AquateuRa andargeted Sawfish Survey

which represents timalpostdevelopment surveguired as p#re projecbnditions of the Goomig
Irrigation@&velopmeritinlike the 2021 survey, which was affected by pandemic related travel restrictior
that prohibited some sites from being surveyed, all regular monitoring sites were abie to be sampl
2022 Field work was undertaken Septembem@8athpling and arsdg undertaketluringhe
currenstudyaligned with standardised methodologies s¢h&®tid iRiver Irrigation Argéeaber

Plain Development Project Aquatic Fauna Management Plan

Consistent with previous years, no evidefmeda2022 tewggest that the Goomig Development

has had aradverse impaan the water or sediment quality within the loRerdS@&ep herbicide
atrazingwhich was of specific concern to th&pnojependent Review Group,&S)otpresent

at adetedblelevel in anyateiorsediment samplélithough there were several exceedances of site
specific guideline values i@ fi¥yeneral water quality parantbeersajority were considered to be

the result of natural procegsasicularliidal inflence a lack of rainfall and ruaaff increased
evapoconcentration due to above average air tempetatdrestane of threldsurveyNutrient
concentrations in water and sediment were similar to those recofietimeA02dncentratioins

metals did not increase markedly compared to the results of previous yeaexaept@dtlsites

where the concentrations of most metal analytes were at least double those retbeded in 2021.
results are niitely to battributable to anguts or releases from the Goomig developrBender

Creekas K4 is situated upstream of its confluence with the Keep River. The observed increases ma
due to ongoing leaching of metal contaminants from roadworks and bridge construgtion on the ne
Legune Road, which took place in September 2020.

Consistent widli previousurvey®f the Keep RiyvaoGlyphigRiver Shark) species were captured

in 202. A solitarfristis pristi&argetooth Sawfisigividual was captured at K3 in brackish water,
while sifristis clavafBwarf Sawfishigre captured at site Riisvas the first tirties specidtas

been recorded at a+estuarine site in the Keep River systesulittributable thehighe than
usuakalinity levels atiK2022T otal numbersRyfstisaptured in 2022 were comparable to previous
surveys and were within the range of numbers expected based on the magnitude of rainfall and r
experienced during the preceding wet,sedatintat thee havdeen noecent advergapacts

onPristisn the lower Keep River

In 2022, the total number of fish species recorded during the survey was considerably less than i
previous two surveys due to a combination of uefad@sralnld tteghabundance of saltwater
crocodiles, which restricted fish sampling effort in comparison to previous years. Nonetheless, patte
distributigrabundancand species richness of fisheslargedyconsistent with results of previous
surveys, with richness declining as salinity desitasesreasing distance from the estuary
Differences in fish assemblages between the baseod 32@htl pedevelopment periods (2020
2022)were detected tesK1 and K3iriverprimarilypydifferences in abundances of a number of

ProjecP20231 Postdevelopmehteep RivekquatiGauneSurvey 22 Rey C iii



M= INDOPACIFIC

me
speciesHgher than usual salinity in the Keep RivergsadEntified as firebable cause of these
differencesvhich wasonsidered natural variation resultingdtimyreds, a lack of freshwater runoff
and evapoconcentrasiosund the time of sampling in 2022

With respect to macroinvertebrates, referencelgiesrdgepRiver pools.€. K4, KR1, KR2, KE1,

SR4 and DRtpntinugo support high diversityilsivsites closer to the estuary (K3, K2 and K1)
recorded significantly lower species richness. All taxa recorded were considered typical of the regior
no occurrences of significant or protected fauna. In accordance with previous yesratoonitoring,

in macroinvertebrate assemblagesmarilgriven by the longitudsadihitygradientwith species

richness aneasingvith distance upstrefiom the estuafyo evidence was found to suggest that
anthropogenic impacts associated with the Goomig Deval@imfilernhced macroinvertebrate
assemblages

This study brings to a close the aquatic mosdfoiiegents set out irGreeRiver Irrigation Area

Weaber Plain Development Project/AGuata Management MEmevidence was found during the
postdevelopment survey period {2022) to suggest that outflow from the Goomig Development area
is having any adverse impacts on the water and sediment quality, or aspeatibléggeshhe

lower Keep River systdowevera number of recommendatioasygootential ongomgnitoring

in the futur@re suggestgeidcluding:

1 Water and sediment quality sampling at point of discharge into Border Creek

1 Water and sediment quality sangdi@tkg fplace when connectivity exists between the irrigation
channel, Border Creek and the Keep River;

1 Reviewing environmental consequence assessment criteria relating to macroinvertebrate :
fish assemblages

1 Considering the collection and analysistaf tapyna and flora tissue samples to investigate
potential food web effects of introduced analytes;

1 Inclsion oBppropriate reference sites in estuarine habitats that are more comparable to th
potentially impacted sites (K1, K2, K3, K4) in theepResmiand

1 Further investigation into the importance of the Keep River estuary and lower pools as habita
Pristis clavataoting the high capture rates in comparison to other studies conducted in the
region.
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1 INTRODUCTION
1.1 Background

In 2002, the Ord Stage 2 development, including the Goomig Development was approved by the We
Australian State Governmfgpproximately 400ha, known as Goomig farmlands was considered
suitable for agricultural development, requiring 120GL suppBtioom lake Argyle. The
developmental design incorporated an irrigatdertaibhnagement syg@mD 2010), resulting in

the avalance of digeason discharge to the local catchment.

In June 2010, the Australian Federal Government detertimén&bdimaig Developnregtired

approval under teavironment Protection and Biodiversity Congatva®@nEPBC Act)The
proposalas considered to have the potential tcaimipatter of Matters of National Environmental
Significance (MNES). The proposal was assessed and subsequeI@§1&spd4&iestibject to

20 conditions, issued on 13 Septembéth20Approvalondion 10 otheApproval required the
preparation @n Aquatic Fauna Management Plan (AFMP) to protect potentially occurring liste
threatened aquatic faspecies in the Keep River, spectfieally

9 critically endangered Speartooth Shgkis glyphis

1 endangered Northern River SBbhis garrigki

1 wvulnerable Dwarf Sawfslsiis clavgteand

1 wvulnerable Freshwater Sawfgkti§ microdonow referred to Bs pristisLargetooth
Sawfish).

Subconditions 10A to 10H e@etspecific measurdsatrequied approval from the Minister for
Sustainability, Environment, Water, Populattmmamehities (recently renamed to Department of
Environmentp be implemented for i@nitoring arufotection of the listed spdwsdsrethe

clearance ddrim lots. Particular concerns related to the number of listed species potentially present
pools in the lower Keep River, the size of their populations, how the pooldgradutisdofi.as

nursery habitat for juveniles), and how the propalspdhdat may affect the listed species, both
directly (i.ewater quality) and indirectlytiireugh changes to habitat and the food chain). Condition
10 also specified that a baseline survey progiaivesaasiucted over three years, and delvelope

in consultation with the Independent Review Group (IRG). ThesIR@rovegsssd aspects of the

project and associated impacts on EPBC Act listed threatened species. The group consists
independent scientific and technical experts appoir@edditiderd of the Approval.

Projec22023 Postdevelopmehteep RivekquatiGaunéSurvey 202Re/ C 1
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The AFMP (Strategen 2012) was formulated to meet each regonditientldr tife Approval
and required:

1 atargeted, néethal baseline survey for listed species likely to occur in the Keep River

1 measures toaintain water quality in Keep Rivelpdols

1 a targeted aquatic fauna monitoring program to mesSh& theccess arah adaptive
management approach.

Wetland Research & Management (\&@&ddnmissioned by LandQb proponent at the time)

to aésign the monitoring program, including the selection of appropriate sangoichgmoethakis

three prélevelopment baseline surveys of the KebptRizef011and 2018/RM 20132013b

2014)The baseline survey program was designed tatioonstith the Independent Review Group
(IRG), of which overseehtfgrological aspects of the project and associated impacts on EPBC Act
listed threatened speclé®e ainof these surveyas tassessurface water and sediment quality,
macroinvertedte and fish assemblagedisted species to establish the baseline ecological condition.

Additionally, the baseline macroinvertebrate surveys were used to satisfy Condition 11F of the Storm
and Groundwater Discharge Management Plan (SEWRGcBOELnlehe development of
Australian River Assessment System (AusRivAS) trigger levels for aquatic macroinvertebrates. How
these riggervalues werdéaterdeemed inappropriate for assessing adverse changes in brackish,
estuarine pools, as thdwmbitats were beyond the bounds of the. Mwdeélpproval was
subsequenthmendevithreferences WUsRIVAS trigger valbegg removed fr@andition 11F

and replzed withthe followingordingi Us e o f best pr actspedes levalu |l t i v
macranvertebrate and fish assemblagendtiiia an adequate experimental design (as defined in the
Aquatic Fauna Management Pl an required unde
conditioné and raach o assegshany clamge ia ecolayieahheatldof KepppRiver
pool s (K1, K2 & K3) relati.ve to baseline and

In October 2021, I#taxific Environmentakawarded the contracth®Department of Primary
Industries and Regi@watelopme(@PIR acting akheproponent for the development, to undertake
the second pedtvelopment sunand assessmemthich took place in November 2021. The current
reportpresents data obtained filoenthirdand finapostdevelopmertquati surveywhich was
undertaken IiydePacific Environmem&eptemb&02.

1.2 Aims and Objectives

The aim of thairdpostdevelopment suneyd assessment in 20&asto repeat the sampling
program conducthdingearliebaselinandpostdevelopment sursggy order toompagthe current
ecological dadgainst baseline datalidentify anynpactsesultingrom the ORIA Stage 2 Goomig
Developmernthe specific objectives afuimeeywwere to undertake

1 Sedimensamplingin potentily impacted (exposed) pools;

Projec22023 Postdevelopmehteep RivekquatiGaunéSurvey 202Re/ C 2
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1 TargetedPristimndGlyphisurvey to ascertain distribution and population within the potentially
affected area; and

1 Macroinvertebrate, fish and water quality sampling in potentially exposed and reference (con
pools.

With respect to the assessment, specific objectives were to:

1 Assess sediment and water quality at potentially exposed sites against reference sites anc
trigger values derived from baseline data sets;

1 Assess impacts to listed @xatiandGlyphispecies) by determining the distribution and
population of these species and comparing results to baseline and reference sites.

1 Assess impacts to aquatic fauna (fish and macroinvertebrate comnafrstiea)lyby s
compang 202 fish and macroinverteb@gsemblages against those recorded in baseline
years.

1.3 Notable Changes Since the Baseline Surveys

Aseries of changes and developments have taken placéraibzesédtieae surveyascompleted

in October 2013 that are directly relevant to thesstlitigse changes have the potential to adversely
affect listed species and the ecological health of the Keep River downstream of fhileeproject area.
changes include construction and sealing (bituminising) of the LeguBepiaauer 2020
associated with thea farmprawn aquaculture project on L&inen and the construction of a

major bridge over the Keep River at the old Legune Road Crossing betweersitesdftiaad K3

Keep River (Figure 1). Althomglated to the expansof the ORIthepotential exists for the Keep

River to be affectéor a number of yedlsough increased siltation, potential hydrocarbon
spills/releases, asttemicaiunoff from the bitumen.

WRM (2024&)so notethatsomdrrigation dreage water from Ord Stage 1 flows through the Goomig
Development and is releaséolBorder Creekhere it subsequerdhains intthe Keep River
immediately upstreasiteK3.Although this tail water is not strictly from the Goomig Deviélopment,
suply water has been rele@sediouslintoBorder Crefikeep Riveo provide a flushing/dilution
flowin accordance with operational requirements of the Goomig DAgetymmeshould any
adverse impacts on the river be detected, it maythe d#terthin the true source gisattoe
differentunoffsourcesHowevett, is understood tKanberley Agricultural Investment (KAI), the entity
that manages farming operations at the Goomig Developmenpungpadgdtation202and

as a resuifto irrigation water was released into Border iGegsleagJcAnne Ellis, DPIRD, pers.
conm).
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2 METHODS
2.1 Sample Sites

A total of 12 sitéacludin@6 suksite3 that had previously been estabishedurveyeith 2022

(Table 1; Figure 1). Samplasgundertaken at potentially exposed sites in the Keep River, as well as
reference sites to create a classic BACI design (Before/After: Control/Impact). Potentially exposed
were designated by KBR (2006)&andd thefour main pools on the lower KeefiRivet, K2,

K3, K4).ife replicate locations {gtés)vae sampleatK1, K2 and K&hdthreeaeplicate locations

wae sampledtK4due to itsmaller sizg-igure 1)Additional sites established by VORB&fRat

were sampladcluded thre®tentially exposed sitethe Keefriver stuary (ESTO1, EST02 and
ESTO3and the ef er ence sites KE1 (Milligands Lagoor
Waterhole), SR4 (Augustus Waterhdd¥r1 (Dnham River at Sugarloaf{Haiyire 1)

2.2 Sampling Methods

The current survi®jflowed thmethodlogy oi/WNRM2013a, 2013b, 2014 and 2@2L)ding the

colleabn ofbiotic samples ahddeplognent ofiets at the same locatamdfor the same duration,

to ensure comparability to badaiaghe sampling methods utilised at eagitesate summarised

inTable 1. lborief, water quality samplisgundertaken at all-sitbs, whilst sedimentgamgwas

only conducted at potentially expiveedn the lower Keep River, including the estuary. The Aquatic
Fauna Ecological Health Assessment, which includes the sampling of macroinvertebrates and fish
undertaken at all sites within eachtloé potentially exposed lower Keep River pools, in addition to
all suksites at reference pools. Targeted surngifandGlyphispeciesvere undertaken at one

subsite within each of the potentially exposed lower Keep River pools aldega&hvafrtastuary

sites, although any incidental captures of these species #itetheresalalso recorded.

2.2.1 Water Quality

At eaclsub siteundisturbed filtered and unfiltered water samples were collected in a variety of containi
provided by tHaboratory depending on the analysis required. Retained samples were immediate
labelled and placed on ice before being refrigerated or frozen as quickly as practicable. Water san
weredelivered within designated holding tirAastri@liahaboratoryervicesALS, a NATA

accredited laboratory, and analysed for a suitecsfhgimgsial, ionic and nutrient parameters, in
addition to Atraziwbich was specifically requested by ti@pipadit). The herbicide Atrazine

was added to the suite in 2020 given the discharge of irrigation return wat&iveoishedtdep

CreekOne sample/as collectddom each potentially exposed/isitbwasanalysdforAtrazine.
Additionallyariousn situ water quality parameters were also measured at the time of sampling
(Appendi¥), whilst profiles of dissolved oxygen (DO), electrical conductivity (EC) and temperature w
measured at 0.5 m intethatgighodhe water column
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2.2.2 Sediment

Atead sub sitesediment samples were collected from the left fohakn@licind right bank using

an EkmaBirge grab sampler before being transferred via a waskkxhdtagsel directly into-high

density polyethylene (HDPE)-peesbags or glassdapending on the analysis required. Retained
samples were immediately labelled and placed on ice before being refrigerated or frozen as quick
practicable. Sediment samples were delidr8laoiding times and analysed for a suite af physi
chenwgal, major ion, metal and nutrient parameters, whilst one sample fromatsadmsiteseds

for Atrazine (Apperi)ikn relation to the analysis of total metals, samplesogzaisedsample

jar, if possible, with a clean spatula pvieighong out for acid digesBetween 0-8.2g was
subsequenttiigested for half an hour with a mmloil2 NOs; and 10nL 1:4 HCIl. Samples were

then allowed to cool before addmgr®), and digested for a further 3d@si®amples were then

allowed to cool before being bulked to 50 ml with reagent grade water and poured off for analysis by
MS and IGRES Resultsvere moisture corrected before reporting.

It shouldbenoted that analysifsediment samplies2020wasundertaken laydifferent laboratory
(i.e.ChemCenireo that used in 28hd202 (i.e. ALS)Specifitreatment arahalytical methaafs
sediment sartep were notlescribeth the report by WRMrthemoreanalyticahethodsisedin
baseline sampling years (R@DIL3) aralsounknowrs suchsediment anaégsare likgl to have
involvediffering anaigalmethodsn compé#son to those use®021 and 202Phe inconsistency

in methodtherefordimitsthe abilityo accuraty assesgpotential sediment quality impacts between
current results and previous years.

2.2.3 Targeted Pristis (Sawfish) and Glyphis (River Shark) Surveys

The sampling and processiRgsiiandGlyphispecieslaggned with tliotocols for Surveying and
Tagging Sawfishes and River SKarkand Pillar2014)Ateachsamplingite two 30 m losmgle

panelgill netswvith a 2 m dropomposed of 6 inch stretched monofilamenvenestieployed
perpendicular to the shore and anchored at both ends to prevent the net®fropmtmeighg

hoursTo minimise the potential for death and injury of aquatic fauna, nets weaterelsely mon
movemerand regularly cleared (at least every hour) to ensure entangled animals could be removed
released alive. For each net set, the number of each species captured, detdtogthtiamsl

deployed were recordBais informatiams usetb derivéhecatchperunit ofeffort (CPUE) as an
indirectmeasure @bundancky dividing thetalnumber of individuals cagatra sample site by

the combined total ofi@egth (mjeployed at the ssiteper hour

Any listedpecies captured were processed as rapidly as possible, whilst remaining submerged off
side of the vessel, in the following manner:

1 Total length (Tivas recordedithtotal rostrum Igth (TRL) and left and ngétratodh
couns alsorecordeéor Pristispecies;

1 Sex was determined (based on preseaattsencef claspersand
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1 Afin clip was takemdplacedmmediately 100% ethanol to provide tissue samipiesdor
DNA analyses.

Additionally, to align with the Protocols for Survégggsg&awfishes and River SKgriesand

Pillans 2014) aafter discussion wtke NT Department of Industry, Tourism aridFishdees,

the current study utilifedsivdntegratedransponder (PIT) tagsopposetb the conventional
cattlestyletagsthatwere utilised during previous surveyag®hiavao external pagedare the
preferred tag type to individually identify asithejscircumvent the biofouling and abrasion issues
of external conventional tadgags werapplied internally (in the body musculature, just under the
skin) via a stainlesteel needle attached to an applicatortgareft side of the first dorskkiuh

PIT tag has a unique serial numberathdteread with an electronianser allang for the
identification of recaptimddviduals

Other fish species captured whilst netingti@ndGlyphispp.wereidentified to specasd a
total length recorded before being returned to the water alive.

2.2.4 Fish

Sampling foslfi as part tfheAquatic Fauna Ecological Health Assessment was wslagaken
standaidedmethodologhathas been used extensively in the Northern Territory (Larson 1999) and
Kimberley (Storey 200&RC 2003)wo 30 m mujtanel gill nets wespltbyed at each location, with

each net consisting of 6 x 5 m paned wittiro@ndpanels increasing in size 2&mm to 150mm

stretched mesh. The nets were set perpendicular to the bank, with the smallest naesh set against
secured to the baakd the largamesh positioneddchannelvith a float and weight to keep the net

in place for approximately 2.5 Roursnimise the potential for death and injury of aquatic fauna, nets were
closely monitored for movement and regularly clesuesl émtangled animals could be removed and
released alivimdividudlshwereidentifieto speciesndtotallengtiimm)andweigh{g)measured,

before beingleasetdackintothewatemlive For each net set, the numisarcbfspecieaptured, net

length anduratiof time deployed were recottdhesrombothnetswerecombinetb formone
replicatsampléromeachsampling location.

2.2.5 Aquatic Fauna Pest Monitoring

WithintheAFMRherewasa requirement for annual sueelye undertakéar aquatic pest animals
introduced to Border Creek and Keep Rivehéeax quadricarinaiResd Claw Crayfidin) 2021,

baited opera house snapredeployedeareachset of gill neateach suiite foup to seanhours

The entry size into eachvitaprestricted to exclude largéreathing fauna (etgrtles)n ordeto

mitigate the risk of drowmiodC. quadricarinatwere captured in that year and no records of the
species presence were attained (e.g. shell remnants on t@e dpasdtstarinatase largely
considered freshwater species with the ability to tolerate brackish conditions (< 15ppt), therefore
presence in saline water within the Keep Rjkbr uslikely (Prymaczok et al. 2@08)ch,mera
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house traps were not utilised in,@@2gh, if presgatenileC. quadricarinattsngenerallpe
collected via macroinvertebrates sweeps.

2.2.6 Macroinvertebrates

Sampling for macroinvertebratgmrasof thé\quatic Fauna Ecological Health Assessment was
undertakensinga standard methodology used extensiaadysroforthern Australia, including the

Ord Stage 2 project (NCTWR 2005; Storey and Lynas 2007; WRM 2010 and 2011) aoijl the WA (var
2009) and NCloyd and Cook 20825tralian River Assessment System (AupRighBhmes.

Edge samples were collected from habitat along the banks of each poslistygichltgatomat,

leaf litter/detrituand occasionally submerged rpagtes or floating vegetation. Samples were
collected using a cultivator rake to disturb the substrate along a 10 m transect and a stand
macroinvertebrate net Z&&ron mesh) to collect dislodged mAteritile habitat was not present

at any ohe sites during the current study, riffle samples were ndtcobelgedamples, litter and

other coarse debris were washed and removed by hand with the remaining material preserved in
ethanol and transported ttndh@Pacific Environmeitdabratoryn Perttior processing.

In the laboratory, macroinvertebrates were removed from samples by sorting under a low power diss
microscope and then identified to the lowest possible level (genus or species level) using available
andidentificatioguides. Specimens were enated to l&yscale abundance classes {i.e. 1
individual, 2 =1® individuals, 3 #100 individuals, 4 =-1000 individuals, 5 = >100®idua)s

2.2.7 Limitations deethods

A number difitations weemcounterebly field personnel during santphtigad the potential to
influence survey results. At multipggesulwvithitheK1 and K2 podfsghabundares oBaltwater

Crocodile (Crocodylus porosussulted in multiple gill nets being withdrawn early toeav
entanglement and subsequent risks associated witleeg#uaimmails gill net®Results from all
netsthatwere withdrawn early were adjusted acctrdi@glyyEAdditionallyjlignetting was not
undertaken at sites KR2, KR1 and tedrious reasons, as foll®wsvey personnel were advised

by Keep River Na#ibhark staff to not enter the waterhole due to the presence of a large Saltwatel
Crocodile at KR2; whilst no viable access for a boat was present at site KR1tihgvntidey resul
shallow water depth (#@)5at EST(Iso preventdélde use of a boat, therefore gill netting was not
possibleDiscussion with visitors to the area outlined that ESTO1 only contains water of any depth
macrdides.

2.3 Data Analysis
2.3.1 Limitatiamand Assumptions

A comparison of water quality, sediment quality and fauna between sites tithloweakseep
Rivemwas not considered approphegdo thpronounced longitudinal gradient in tidal ififleence
prominent at K1 and netgigibk¥and its potential to caiggificant variatiordata across those
sites As suclgomparisongeremade betweatata collected durbragselingears anthe current
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surveyfor each site separatélgditionally, there wagsquirement to discuss natural variability in
ecosystem health whilst having regard to reference site survey results. Whilst this was done
considered appropriate for K4, the results from the tidally in#Zamcek3tiould be treated with
cauion axnone of theurrent reference saee tiddy influenag Furthermortheresults presented
in this report represersnapshot of the environmental conditions and fauna present at the time of
samplingAs @vironmental conditions and faamexry considerably depagdin the time of year
and the climatic conditavosind the time of sampiege factoshould b&aken into accouwviten
interpreting results.

Whilessomeaaw data frothe 2020 study WRMvereprovidetly DPIR[Dbaseline roeoinvertebrate,

fish andPristisabundance dateerenot available gritlereformeededo be gtracted frotables

within previous repdWRM @13a, 2013b, 201Based on dateported bWRM2013a, 2013b,

2014 202} it appeared that specimen observations of fish were attributed an abundance value of o
so this was applied todimeentlata. For trextractedhacroinvertebrate data, it was noted that there
were discrepancies between tbherdiamdevel of identétion between yeansda number of-in

house (WRMpamesvereused tadentiffsomespecies. As sudb,allow for accurate comparisons

and statistical anay$o be made between years, thedtiaitevel of identification was adjssted

asto be casistent across all years. Additionally, as'éstalegabundarsosere presented, when

taxa were combingte highest [Bgabundance value was allocated.

Forabiotic data, water quality wataonly availabfer 2011 and 2012 and no sedimenteatata
presentetbr any yeais theWRMeports. As sudhe only interannual data comparisons that could

be undertaken wéetween water quality and fauna abundance data for 2011, 202 2ar2020

2022 Whilsadditional data for 2013 would have been beneficial, results from statistical analyses are
considered valid. Summary statistics for water and sediment baseline data were, hbwever, provide
WRM (2014 and 2021) and extracted for assgssisigata collected duriige current study

Analytical methodology for metals in sediments in baseline survey2020siedinvent analysis
methodologies differed due to the use of differing analysis labs (ChemCentre in 2020, ALS in 202:
2022) Thesdliscrepancies have resulted in invalid statistical analysis regarding nutrient and met
concentrations in sediments between years.

2.3.2 Water and Sediment Quality

Whilst the Australian and New Zealand Guidelines for Fresh and Marine Water Quajity (ANZG) (2
contains guideline values for a number of the water and sediment parameters measured, guideline v
do not exist for the majofifgarametersurthermore, ANZG (2018) indicates that the use of local
reference data for the developmentsplesitie guidelines is preferential. As such, the methodology
outlined in ANZG (2018) for the developsitespetifiguideline values for wateM{&%5V) and

sediment (SSQGV) quality was adopted. Based on the definitions provided in ANZG (2018), the lov
Keep Riverould beonsidered a slightly to moderately disturbed ecosystem. For such ecosystems
ANZG (2018) indicates thé@®@@for oxygen saturation) percentile values should be adopted as the
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sitespecific guideline values and tadses were derived for each site from the baseline survey data
setsice.,2011, 2012, 20I3)ese site specific guidelmzs also adopted in the 2020 WRM and 2021
IndePacific Environmental reports. (WRMPB2@) Median values$ replicate salap collected
at each site 202 were comparadainssitespecific guideline valieeseach parameter

Additionally, 2Dthedian water quality values also compared to the Interim Local Trigger Values
(ILTVs) developed for the Keep River [Bensétf and George (2014). Comparisons were also made
between watqualityat potentially exposed iaidrencécontrglsites to determine if any changes
occurredn 2022hroughout the region,ahdo, whether these were widespreadesd af
naurogenic processesif they were unique to the lower Keep River.

While wtistical anason water and sedimentidéatse Keep Riveave been undertakesome

previous repofesg., WRIK014, 2031they were not undertaken in @@E2022) or in the current
studywhichalignswith the nationally accepted methodology outlined in ANZG (2018) for water an
sediment quality assessments

2.3.3 Pristis (Sawfidhppulation Assessment

In northern Australian rivieesprtagnitudend duratioofflood levels duritige previous wet season
has been correlated to recruitment success (and hence abRnplasicgt)azfiet al2019)During

the current studlye influence loydrologwastaken into account when asseshetfethe Goomig
Devdopment wampactingnP. pristisumbeyin the lower Keep Rivgperforming a correlation
analysis betwe@PUE data andhter levekcorded at theegune Road Crossing gauging station
(G8100225) during the previous wet.skddibionallyndividuals less than a yeaa@@00 mm

TL) i.e.,youngptyear (YOY) (Morgetral 2011; Thorbuet al2007), were examined sepatately
assess recruitmentPofprisi Regression analyses were undetiakgeerbaseline dai@011
2013) and data collegestdevelopment (26202) todeterminithe resultell within the expected
range for assessment.

2.3.4 Fish and Macroinvertebrates

As previously mentioned,AteRIAS trigger values identified in the 2013wexgodeemed
inappropriate for assessing adverse changes in brackish, estoatine jpaas Keep Rives

such, baseline and giestelopmenfata for aquatic fawmarecomparedsing several rousine
PRIMER/PERMANOVA+. Unless specified, default values or procedures recommefided in PRIMI
(Clarke and Gorley 2006) and PERMANOVA+ (Anal@@08) were useddtianalysis routines.

For the analysis of species level assemblage datajdisteatbataeretransformed (log [x+1]) prior

to the analysis, whilst untransforméstédg abundance classes were used for macroinvertebrates.
Water qualityatacollected during all years were also transformed (log [x+1] and normalised to accou
for various measurement scales and to correct asymmetric (positive) distribution (Clarke and G
2006). Additionaihater quality parameter values beldwithefeportingLOR were allocated a

value of half of the LiORtatistical anabgs
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Ordination of assemblage datéywvasanetric MitiDimensional Scaling (nMi2Pjcted as two
dimensional (2D) plots based on annual sitBray Sartis simiigymatricegClarke and Warwick
2001) RPaizvise comparisomere undertaken usingpdrenutational multivariate analysis of variance
(PERMANOVA) routine to test for statistically significant (p <0.05) differences between:

1 each potentially exposed sdecambined reference sites, [RIANASRE) in2022
1 combined 202D13 baseline abd62022postdevelopment data sets for eaclasde
1 individual baseline years andZlZostdevelopmedata setfor each site.

Insome cases, there wlexe numbers of unique permutations for comparisons in the PERMANOVA
analysis due to the limitations associated with the distribution and availability of sites in the design.
result, MordgarlopZ/alues were also generated, as these may provideEeunadeeassessment

where unique permutation numbers are less than 1006AaI@&G8)N

Similarity percentage analysis (SIMPER) wascakrdate the contribution of each species (%) to
the dissimilarity between each,gnooigleotidentify species tate the major contributors to any
differencedetecteth PERMANOVA paise testg

Relationsisfpetween the water quality variables and both fish and macroinvertebrate assemblage d:
were explored using the distaered lear models (DistLM) routine (AIC andsstemmmparisons)

(Clarke and Gorley 200&lersoet al.2008). DistLM was chosen over other models as it takes into
account theotential overlap of different predictdirsdarichear combinations of thicaladables

that best predict patterns in the biotic data set.

For macroinvertebrates,sae n s i t i v aldowderdakea dsyper thesSiream bngertebrate Grade
Numbei Average Level (SIGNAL) 2 biotic indices for river macroinverteboajy (Gétexinbn

2003). A SIGNAL 2 score provides an indication of water qualifsoat theicgitéhe sample was
collected. Sites with high SIGNédres are likely to have low levels of salinity, turbidity and nutrients
such as nitrogen and phosphorus. When considered together with macroinvertebrate diversity, thi:
indicag the types of pollution and other physical and chemical factybeth#ecting the
macroinvertebrate community.
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3 RESULTS AND DISCUSSION
3.1 Water quality

Water quality parameters measured durin@ then28or all replicate ssitesare presented

Appendix Whilst median values for each site aloAjl#@Gh(20)8lefault water quality guidelines,
SSWQGVs amdty seasoib TVs are presented in TabletBeAscommended method for assessing
environmental water quality usiitespecific water quality guidghie¢sG 2018ee section 2.8.3

ANZG default waguality guidelinedinotbediscussed furtharthis repoiit was understood that

Farm stormwater discharge to the Keep River via Border Creek and the Goomig Development storm
outlet occurred in March 2022

Consistent with previous surgggsificationf temperature, electrical conductivity and dissolved
oxygemnwaspronouncedatsite K2 in the lowerep Rivewith evidence of a halocline and thermocline
formation between 1 m and 1.5 m below thgBigideee Btratification of tegsarameters was

also evidemn a lesser extettK1K3and estuary sit@¢sgure 2Dxygen levels dece@sith depth

at all sites except i, t h  h y p o xecoadedidORhs Betweed jn and 3.5 m at sites K2,

K3 and K4 (Figuretypoxiconditions were not recorded in the relatively shallow waters of the estuary
and the strongly tidal K1 site, ayppelared to be well m{kegure 2)

3.1.1 General Parameters

In 202, mediarwatertemperaturesxceeded the $BQGVat 50%, 40% and 100% oématlly
impacteditesyeference sitemd estuarine sites, respectively (Tallle 2urrent survey took place

at the same time of year as the baseline surveys, however, dagyr nesmpetatiseecorded

during the 2022 survey were over 38C drigaverage than the-teng average recorded for the
month of September at the nearby Kununurra Aero weather stationN&Oisin pb22alues were

below guideline valaesllpotentially impacted and refesteseéxcept DR1but were above
guideline values at all estuary sites (TAbta&)najority of sites, m&i¥was outside respective
guideline valudsit in many cases only just so, with the exceptienad sifes which werastly

well outside guideline valtable 2)[urbidity values were not recorded during the current survey due
to an issue with the turbidity meter.

Mediam DSvalues exceeded guideline values at all potentially impactedgedagiti&dne sjtes

but verewithin guideline values at all reference sites (Tiade Bslltsontrastethose recorded

in 2021, when TDS guideline valuesmerexceeded siteK2.For TSS, the LOR (5 mg/L) was
actually higher than theS8®6V at potentially impacted Keep River sites (1.5 mg/L), making it difficult
to interpret the results and compare to surveys prior to 2021 which used a lowemnLadiR (1 mg/L).
case, ILTVs were not exceeded for TSS at any of these sites in 20%2a(Tedtiea?y. sites, TSS

results were within guideline values, however, for the majority of reference sites the high LOR in re
to the SSVQGV again confounded an accurate interpretation of results except at KR1 and KR2, wr
were found to batsile andvithirtheirguideline values, respectively (Table 2).
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3.1.2 Salinity and lonic Composition

In 2022, edian conductivity valatsotentially impacted sxeeede@SWQGV and IL3WtK1,

K2andK3 but were within guideline values (@ablé 2)Esewhere,onductivitglsoexceeded

guideline values at all estuary sites, but were within guideline values at all reference sites (Tabls
Conductivity at the surface of sites K2 and K3 was almost half that recorded below ~1 m depth (F
2),indicating #hha distindtaloclinbad formeal these siteshis is a reflectiorire negligible effect

of tidal mixing in these pools as well as the lack of anyaigfaficariteshwater runoff immediately

prior to or during the sur@eghe contraya distinct halocline wagewirdd at site K1 or in the

estuary (Figure 2) indicating that tidal mixingrsvedreat these sites.

Similar to the results recorded for conductivitynmeatstieenumber of ioomnpositicanaytes

exceeded SWQGVs at the lowermost Keep River sites (K1, K2, K3) and esifaly sites
measurements recorded at reference sites and site K4 were mostly within their respective guideline \
(Table 2)'he ionic parameters that were most atigsisterded in excess of guideline values during

the study were chloride, sulphate, calcium, magnesium, sodium, potassium and water hardness.

3.1.3 Nutrients

The majority of nutrient parameter vajuserdially impactédep River sites were below their
respective S&¥QGY and ILTY with the exception of total soluble phosphate, total phosphate and
DOC (Table 2). In contrast, most of the estuary and reference sites (except KE1 and SR4) reco
nutrient concentrations that exceeded guideline vaugstliabrhirrored the results recorded in

2021, although only two reference sites (DR1 and KR1) were able to be sampled in that year dt
pandemic related border closAmessshe six sites that were sampled in 2021, a compkatigon of
betweei2021 and 2028vealed similaendsn surface water nutrient concentnatibranly minor
differences in thalues that werecorded (see IPE 202

Phosphatand DOConcentrations recoroedxcess of guideline vadtigmtentially ingbed sites

in 2022re unlikely to have resulted from any sigade@anputs from the Goomig development as
they were also elevated@dreference sit¢sigure 3Yhese results may have been caused by high
prevailingvater temperatui@dovehiie SSNQGV at ~58% of sjted)ictare known tccelerate

the release processpioosphatéiet al2013 and DOGA(interdalet al2016)t the sediment and
water interface

3.1.4 Atrazine

The concentratiorainézinen surface water samplesb&bsv the Limit of Reporting (L&®RP.5

Mg/L) during the current stadygeshgthatatrazine wasot entering the environment, orwiaat it

present inegligible concentratidingese results were consistentwifindings @b20and 2021

(WRM20Z; IPE202). Furthermore, the haginrogate recoveries indicate matrix compatibility for the
method of analysis, as matrix interference is not suppressing the recovery of the analyte of interest
that results an®t biased low
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Aditionall\imberley Agriculture Investment conducted water quality sampling on 16 March 2022 anc
May 2022, the latter date being after all flows (including flow at the Keep River GS) had ceased. Atr
was undetected on both d#tesefore it was expected that Atrazine was undetected in September
2022 aligning with the results attained in this survey (R. Zuks, DPIRD, pers. comm).

3.2 Sediment quality

Raw data from tlamalysis of sediment sasnpbdlectedn 2022 at all saltesare presented in
Appendix. edian values fanalyte concentrations recorasthtsitbetween 2020 and 2022 are
presented in Tablal8ng witBSSQGVandANZG (2018) default sediment quality guitieénes
recommended et for assessing sediment quality stibspecificsedimenguality guidelines
(ANZG 2018ee section 2.3 BereforANZG defaskedimerguality guideline@ginotbediscussed
anyfurthem this report

3.2.1 lonic Composition

In 2023nstancewhere ionmoncentrations in sediments exc8&EQG¥ predominandgcurred
atestuary sites attiepotentially impacted sites K1, K2 and K3 (TEdase33ites amdltidally
influencetb some degree with naturally higher salinity andethigigigioncentrations in their
sediments than Aaal sites. Not surprisirsgigiment iowgere recordeudthin guideline values for
all analytesxceppotassiurat the notidal K4 sit@able 3)

3.2.2 Metals

As dscussed in Semt 2.2, accurate assessment of sediment quality impacts based on comparisons
betweemesultcollected in 2021da2022and the SSQGVs derived from baseline resusitot

considered appropriakais is due to thectsediment analysis methodologies applied during the
baseline survegseunkiown thaigh likely to differthmse used incent yeardn addition, the

methods implemented by ALS in 2021 and 2022 appear totbéhdsteresad by ChemCentre in

202. This isndicatetly, forexamplghe fact linsi ofreporing(LOR)n 2021 and 2B®@ere higher
onoccasiothanappliedQGVsandcorcentréiors of some metats2020Attenptsto ascertainhie

specific methods used in 23#@ unsuccessitd udh, anycomparison of results against the SS
SQGVor 2020 datvere done so with cautikurthemore, th&SSQGVs derived from baseline
resultsnay not beonsideredppropriat®r the purpose of impact assessment.

Consistent with resaftza021, mdian concentrations for the majority of metals at each site were below
their respective S®GY¥in 202ZTable 3)t was not possible to accurately interpret the results for a
number of metdéEb, Be, B, Bi, Cd, M9, Begausthe LOR for the current analgsishigher than
SSSQGVsat some siteSite specific guideline values for these analytes weraletegmalsd

during baselirseirveg andmade use ofraore sensitiléOR It is unclear from baseline sepbrt

WRM what method was used to treat (digest) sediment samples prior laboratory analysis. As such
may explain wipostdevelopment sediment quality sbowve variation from theS8&Vs
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Regardless, during the currenttieidyOR for each of thersalytesves well below concentrations
that are known to have detrimental effects.

The metal analytes that exceeded site specific guideline values matinmgwalectyrent study

were itanium(all sites), selenium (all sites) and vanaditmo{~sites) (Table Bpwever, the
concentrations of these metals were only marginally outside the r8§p@dtsvan &8 instances

Metal concentratiam$eep Rerpoolsvere ntconsidered to be markeigrentoresults d2021

at most sitesuggesting théhere have been negligible inputs of heavy metals to potentially impacted
sites in the lower Keep River from the Ceastogpment over the past 12 months. The one exception
was at site Kdvhich recorded increased concentrations of almost evealyt@dtalevels above

the SSSQG\(Table 3)n 2022, concentrations of most metal aatdfytesre at least double those
recorded during the previous year, with some increasing by several orders of magnitude (e.g., sele
(Table 3)However, these results areamdideredttributable to any inputs or releases from the
Goomidpevelopment area via Border Creek, as the pool at K4 is situated upstream of its confluence
the Keep River. The observed increases may be due to ongoingnietattuogtaminants from
roadworks and bridge construction on the nearby Legune Road (see inset in Figure 1), which took
in September 2020.

3.2.3 Nutrients

Consistent with the results of the 2021 bam&jotity s€dimentutrient concentratraties were
withirBSSQG¥ in 2022with the exception of ammonium, which exceeded guideline values at all site:
except EST02 and ES(lT@ble 3As hypothesised previoastynoniurwoncentrations in excess of
guideline values at the studyrsitdoe an gefact ofinderestimated -S®GVdor this analyte.
Ammonium can break downoth&r compounds for example, teeverday holdingeriod of

sediment samples for nutaieallysiss exceededt is suspected that this may have occurred during
basehe surveys when-SQGVs were initially determined, however, it is not possible to determine witl
absolute certainty if this is the true explanation for the observed trends in the ammonium data. In
case,ammonium concentrationsuaitikely to basso@ted wittany inpts from the Goomig
Developmewiranyreleass of wateviaBordeCreek.

Total phosphorumtal nitrogeand total organic carbon in sedichanirtg the current studhre
generallpelow their respectiveS$E5¥ and mdian concentrations were compdcddeeline

data (Figure.4hhe only other instances where guideline values were exceeded for nutrients in 20:
were for total nitrogen at EST02 and total phosphorous at K8iwtasles were only slightly above

the SSSQGV (Table 3). These data suggest that there has been no appreciable accumulation of nutri
in the study area over the pastly&anoteworthy that the nutrient data at site K4 showed the same
trend afor metal with most analyitesreasing in concentration at least twofold compared to 2021 data
(Table 3).
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3.2.4 Atrazine

Consistent with the results of previous,s@smysnt concentrations of atraeneebelow tih®©R

(i.e, <0.05 mg/kgit all sitethat were sampled (Table 3), suggesting that thisshetmerdering

the study arekurthermore, the leghrogate recoveries indicate matrix compatibility for the method of
analysis, as matrix interference is not suppressing the recavaigtebftintarest, and that results

are not biased low.
3.3 Pristis(Sawfish) an®lyphs (River Shark) Populations

A total of seven sawfish were captured during the 2022 survey, cémgtisiogat®warf
Sawfish) and oReistis prist(targetootha®/fishfTable 4)All si¥. clavataere recorded from the
salingeaches of theweiKeep River at site K1, whilst the Bipgktisvas recorded from K3, a site
withbrackish wattdratranged betwe&b2 and 645 mS/chmeP. pristisvas likely youngotyear
(YoY)juvenildTL 972mm$édc.Peverell 2008 horburet al.200%, while mitiple age cohorts of
subadul.clavataverecaptured, includmge YoYuvenil€TL = 1020 mm), four individteti$east

2+ yearsf aggTL 1217 1747 mm) and one larger indiVidell 5+ yeaod aggTL = 235ihn)
(sec.Thorburet al20@; Peverell, 2008).
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Plate 1.P. clavatapecimens captured at K1 in 2032325 old (left) aymlingofyear (right)

A number of factors linhedffectivenessgifl ndtngfor sawfish and sharks during the 2022 survey
including unfavourable tides at some of the estuary sites which resulted in some pools becoming st
and disconnected during the time of sahhgiigehigh abundance of estuarine crocogibeted
theability to deploy gill nets effectively at a number of lower Keept&{gaesealotior?.2.7.
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Despite thifhe total numberdoisticaptured during the current survey were comparable to previous
surveys (Figure Bpwever, it should be noted that the overall captlesould likelyave been
higher if samplingd taken plaedien tides were higher.

Historically, all occurrencfP. clavatavithin the Keep River catchment have been recorded from
estuary sitegdgrson 1999; WRC 2003; WRM 2011, 2013a, 20132 P0hé 2022 survey was

the firstimethatP. clavathas been recordémhe Keep River padlggure Swhchwas probably

due taheelevatedonductivitfr salinityat siteK1 in 202gigure 3)Ihe capture of a juverile

pristisrom site K3 during the current study cbamirestablished trend in the Keep River system
whereby thmajority of juvesibf this speciésive been recordedbrackish to freshwater pools (i.e.,

sites K2, K3 and MAere food sources are abundant and the density of large predators is substantial
lower than mabitats located further downstream

Notwithstanding tpeeviously mentioned limitations on sawfish sampling nniri@é22naal
comparison of capture rateB.fotavataves considered appropriagthe nearshore marine and
estuarie habitats that are preferred by this spegeserally well come@throughout the year and
water quality, particularly salinity, is consistent betwEamyesssin degree of caution needs to

be exerciseavhen comparing and interpretingnmigal capture dataRompristisas this sped

prefers freshwateeaches of rivers that experl@gbey variable seasonal flow, which is known to
influence recruitment and dispersal (IPE 2020, 2021a and 202a2)1®ar

Despite thémited amount of captatforP. pristign the Keep Riyarregressn analysis shows

that CPUE of YOY juveniles is positively correlated to the magnitude of the preceding wet season (F
6). Resultsrom the current study continue this previously repoife&l208t] 202 andorovide
evidence to supportdbeclusiorafother researchers (d.garet al2019)Specifically, the number

of days the water level at the Legune Road Crossing (Gi8a@0rga)geas above 5.5 m was

found to have the strongest relationship withUEDdat (FigureBata on age cohort® gpristis
captured in 2011 show that recruitmemghdaging this highagnitude wet seasaith thage

class of individuals increasing in subsequent years (Figure 7), which suggeststhatiretzditment
during these low magnitude wet seaased.dh the regression lines fitted in Figure 6, the CPUE of
YOY and total numbers obtained imdiatber?020 and®022fitted the models and could be
considered within the expected range basedagnihale of the previous wet seasomuniihers

ofP. pristiandP. clavateecorded in 2D2uggest théttere have been no discernible negative impacts
onPristigpopulations in the lower KeepfRinéhe Goomig Development

Appendi8 indicates hCPUE for capture®opristiandP. clavatdy year and site surveyed. In

relation t@. clavataCPUE valueangdfrom 0.00467 to 0.01458 individuals per net metre per hour
throughout the stutty 2022, a combined CPUE of 0.80138vatper né metre per houasv

recorded from estuarine sites (i.e. EST02 and EST03) and sites within K1 and K2 which woulc
considered to be estuarine environment at {daspitesthe lack of tidieyelation to other studies

from the Kimberley region,oth&tevenst al.(2008yeported a CPUEOC®000knd0.0004 P.
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clavatgper net metre per hour from coastal waters of King Sound, wWwidsgahett aif(2020)
reported eombined CPUBI0®O6P. clavatper net metre per hour for sampling undettakgn in
Sound anestuarine waters of ltheerFitzroy RiveConsideringhat at the time of samphirp22
EST02 and ESTO3 were isolated pools and that no sampling could be undertaken infegTO1, the com
CPUE foP. clavatrom sampling undertaken in the Keep River in 2022 is considerad to be high
comparison to results attained by Sttvahi2008) Morgaret al.(2020) considered thghh
occurrence of dwarf sawfish in the Fitzroy Riveo fegiofylobal significance Rorclavata
Considering the comparatively high captur® ratawatat individual survey sites throughout the
study and combined value for @@2Reep River may also represent a reignpaathritabitat for
thespecies.

Pristizijsron(Green Sawfish) was not captured during the current survey. This species has only be
recorded once within the Keep River, with a single individual captured at siteF£iSTi9 Zijaraf11.
typically inhabits shallow heaesmarine waters rather than estuary interfaces or freshwater rivers and
is therefore not expected to occur within the survey arest @dQan). Likewise, @Gtyphis

species were captured during the current study, a result that wastlcdyassiard amnd historic

surveys of the Keep R{VRM 2013a, 2013b, 2Qa4d4son; 1999; NCTWR 2005; WRE BEO03
contrastCarcharhinus leudq@ull Shark) was reasonably common, with eight individuals captured
during the current survey.

3.4 FishAssemblges
3.4.1 Species Richness and Abundance

In tota) 22 fish species were recorded in RidRthe equalhighest gecies richnegs=11 spp.)

recordedt site1 and K@able 40f the three reference sites sampled, DR1 and SR4 recorded the
highest species richness with nine species each, while five species were recorded at KE1 (Tabl
Species richness was much lower at the two estuary sites with only three speE®$02corded at

a solitary species at EST03 (Tabie28p2, the total fipecdesichnessvasconsiderablgssthan

in 2021 (A7spp.) and 2020 d2-spp.)Thiswas dutoa combinationwffavourable tides aatéty
concerngertaining tihe abundace of saltwater crocodiles, wigstricted fissampling effort in
comparison to previous years.

Consistent with previous surveys (WRNPED2(2), the most widespread fish species in 2022 was
Nematalosa erghihich was recorded at alsgeb ad reference sites (Table 4). Other commonly
encountered species includedlcarifeE. vaigiensandN. graeff€iTable 4). Multiple species were
recorded at only a single site, indlugirggid?omadasys kaak@arred Javelinfidigosilurus ate
(Narrowronted TandaiNeoarius midgteym(Shovehosed CatfisiMloolgarda buchan@iuetail
Mullet)l_utjans argentimaculafiangrove Jack) &ldssogobius si@oby) (Table 4).

In the Keep River pogiectes richnesgas generally highest at the lowermqstilitélse close
proximity to the estuiagilitahgthe presence afmied assemblagd freshwater arebtuarine

Projec22023 Postdevelopmehteep RivekquatiGaunéSurvey 202Re/ C 17



%= INDOPACIFIC

S

marine specié$able 4)The majority of species recorded to date are considered common throughou
estuaneand riverine habitats in northern Apsiithlidne exception of thétetispecies, already
discussed in sect®A

Intotal 53 individudish were recorded in 2@22 most numerous of whichNeasatalosa erebi

(Bony Bream), followeBlIlmychelon vaigien&@samondscale MulldBoparius graeffBiueCatfish),

Planiliza ordengiBiamond Mulle§nd Lates calcarif¢Barramund{)Table 4)The percentage
composition species abundance2022vas similao resultsltainedduring the two most recent
reporting perio&RM 202 IPE 202). Of The potentially impacted Keep Rivethgowisafish

abundance wasghesatsiteK3 (38.édividuals per ssibg, followed by K4 (29.5), K2 (23.6) and K1
(15.4)Figure BIn comparison, the mean abundance of fishes sampled across the three reference sit
was 23.3 individuals per site.

3.4.2 StatistidaAnalysis of Fish Assemblages

An nMDS ordinatisnggestdthatthere have been no substantial changes in fish assemblages at the
fourpotentially impacted Keep Riverbsitesen the basel{2©112013)and postlevelopment
period$2022022)Figure 9HoweveRERMANOVA paise tegtgfoundsignificant differenaes
fish assemblagestween 2022 and baseline data at sje8.8A4) andK2(p=0.@39, but not at

K3 p=0403, K4 $=0.1494pr referencsites [§=0.1529 (Table 5)ForsiteK1, it is apparent that
species richneisscomparabletween baseline and 2022 data (Figure 8), suggéséimtsibentty

in abundance primarily contributed to the significant détectedeby PERMANOVA testing
Distancéased redundancy analpgiss(dbRDA) confirmibdtN. erebabundance was responsible
for over 17% of the total variation between baselinedatel (Fi@2re 18)edution irmbundance
inP. ordensialso contributed over W%hevariation, whilst increased abunda@ckewtas, E
vaigiensis, E. tetradactyamongst other specem=scourdd for 8% 6.14%of thevariancéFigure

10) The presencePtlavatdor the first tinagthis sitelso accounted for 7.47%etbtal variation.

Continuing with site I€$ults of thBistLM (stepwise AIC) sequential test indicated thadrdkalinity
calciumveresignificant variables in explainingof 2déovariation of fisisemblages between years

with pH and-NOx contributing an additional ~12% of the variation (Bglurgyl(Bconductivity)

was much higher at site K1 in 2022 than in previous years (Figure 3), indicating that intrusion of
water from the maviestuarine interface had penetrated inland to this site at the time of sampling. It w:
expected, therefore, that variation in fish assemblage data would be largely driven by water qu
parameters associated with higher salinity (e.g., alkalimitygHtal There was no evidence that the
observed variation in fish assemblages at site K1 wastlthopdgenic impamtswater quality

arising from the Goomig development in 2022.

At site KZhe significant difference detected between therfislagesdata for 2022 and baseline
yearsvas primarily driven by differences in the abundlagcasfigie. vaigiensik. calcarifend

N. erebwhicliogethecontributed ~57% of the overall variation (Figimenti@ncesfL. calcarifer

andE. vaigiensisere marginally high&OB2compared to baseline years, while a slight reduction in
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abundance was recordedl fgraeffeindN. erebiResults of thBistLM (stepwise AIC) sequential
test indicated thatal nitrogecatium and chloride wagmificant variables in explai8®g of the
variation of fish assemblages between years (FiQaesisignt with results in 2021, values for
conductivity (= salinity) at site K2 were higher in 2022 than during the baseline years (Figure 3), v
helps to explawrhy parameters such as calcium and chloride (and pH to a lesser extent) contributed
the detectedifferencgin fish assemblagElawever, an increase in salinity does not account for the
contribution of total nitrogen concentration to the observed diffeMalces dbKidial nitrogen at
K2 recorded in 2022 were within the ranggesthecorded during baseline years (Figure 3). Therefore,
despite this parameter being identified as potentially contributing to the observed variation in
assemblages, it unlikely that variation or trends in total nitrogen are due tmpagtspwister |
quality arising from the Godeuglopment. The same interpretation can be made for total nitrogen
concentrations at the other potentially impacted Keep River sites (K3 and K4), which also recorded v
within or very close to thosededaluring baseline surveys (Figure 3).

Pairwise testing of the fish assemblage data forifldgon from other yeavealed a significant
difference between bothp.@451) and KB-0.0217)n comparison to reference sites, whilst no
signficant differences to reference sites were detected fop¥R0f &#-0.1436, respectively)

(Table 5)The differentiation of reference sites from the Kespedwas primarily driven by
disparities in abundances of the freshwater dyjetaalisaenia austrahsl to a lesser extBint
graeffeiwhilst the Keep Rsigzs particularly K1 and K3 were differentiated by higher abundances of
marineestuarine spesi such a&. vaigiensi€. leucasand L. calcarifefFigure 12a)lhese

differences species distribusibetween Keep River sites and referenaeestissistent with data
recordedh previousampling yea(@/RM 202 IPE 202. The ionic conceattons of chloride and
magnesium combined to account for ~28% of the observed variability in the fish assemblage data be
Keep River sites and reference sites im#@628sult was expectethesdonsare associated with

higher salinities sushtl@osdoundn the lower Keep Rivdnereas salinities are much lower at the
freshwater reference sites. As expected, there was no significant difference detected between refel
sites and K4, which is the potentially impacted site locatedtfeghesingis minimally influenced

by saline intrusion from the Keep River estuary.

3.5 Aquatic Fauna Pest Monitoring

Cheraxquadricarinat(lRedclaw) was netorded fromacroinvertebrate sweepgsysites in 2022.

As onductivity levels at K1 and K2 exceeded the mortality thiesisplecies ., 2900 mS/m;
Jones 1995) was expected t@aguadricarinatusuld be absent from these gie®fore no opera
house traps were deployidte absence of the@ps from pools further upstream in the Keep River
and at reference sgaggests thits yet testablisarobuspopulation within the Keep &igtam
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3.6 Macroinvertebratessemblages
3.6.1 Species Richness and Abundance

A total af54macroinvertebrasxa(Table 6)ere recorded from edge habitats acrossdlrisites

2022 sampling. Of these, multipledakinotbe identified to species level dtigetabsence of
suitable identification keys for vafeopbase(e.g.,juvenilelarvaeor earlyinstar) andex (some

keys require male specimémsjrdeto performaccuratestatisticatomparisonsometaxawere
assignetb a higheéaxonomievel teemairtonsistentithdata frorprevious yearshe total number

of taxa recorde®R2vas comparable to previous gearsoring, which previously ranged from 106
to 14qAppendi%). Species richness was highesteatnce sitésxcept KR2) angstreamites in

the Keep River, andch reduced in thédower Keep River (Tabl€6nsistent with previous years
monitoring, increased salinity and proximity to the estuary appeared to drive the macroinvertet
community assemblage at each site, with a reduction in species richneshaadeie s dies
occurring at sites occurring along a longitudinal gradient towards A erdtaaglineand
previougearssamplingnotaxa collected digted under Commonweal®tatéegislatiqrwith the

majority of macroinvertebreg¢esrdd considered common species with distributions extending
throughout Austraiaor Australasiahe percentage compositiomafomvertebrate cleswas

also comparable to previous yeargseittecomprising 87.1&%¥iotaltaxarecordedpllowd by
gastropods #8%), malacostras&3.85% xandbivalves (1.28, with remaining classedributing

less than 1%dthetotal(Table 7)

3.6.2 Statistical Analysis of Macroinvertebrate Assemblages

An MMDS ordinatiohmacroinvertebrate assemblage data stausudssiteswvere typically grouped
together in each sampling year (FigubaidBy 2022 sampling, assemblagearatid®rouped

fairly closely witbference siteand were separated femeemblages Kl and K2whichalso

grouped closely together (Figurln I@nerahssemblages at the majority of sites (Ref, K2, K3 and
K4) in 2022 appeared to be somewhat distinct from previous years monitoringsiattitemitgh some
was apparent betw@8R2 eference sites aneference sitesrveyed in 2020 and Z@igure 13)
Macroinvertebrate assemblagéstiaidisplayed the greatest variability both within and between years
(Figure 13)

PERMANOVA paise testigconfirmed some of the aforemedhsanilarities and differences (Table

8, Table 9For2022data only, significant differences were found tefexeece sitesndK1l

(p=0.047), Kp=0.022) and Kp=0.034) but ncsignificant diffecenwas found between reference

sites an&4 (p=054)Table 8)When data for 2022 were compared to the combined baseline data set
(20112013), significant differences in macroinvertebrate assemblages wera<brd £10ides

K2 £=0.002) and K4 (p=0.qTaple 8Although appearing disitmitte MDS ordination (Figure 13),

no significant differences wetected fd{3 p=0.404)or references sitgs0.168)ompared to

baseline data (TableREERMANOVA paise testigresults between individual baseline years within
sites (e.gK2 2012 baselimgK2 2013 basel)nadicated significant differénaeacroinvertebrate
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assemblagesait sites exptk4, with significant differences also apparent between bpestine and
development surwsas and betweandividugbostdevelopment surwsas (Table 9)These
results suggest that at K2, K3, Kdetardnce sitethereis significaninterannualvariation of
macroinvertebrate assemblayese were no sigaifitcdifferences in macroinvertebrate assemblages
at site K1 between any of the surveyds years
to be significantly different. Results attained prior to 2022 suggest that macroinvertebrate assembl
are more uniform from year to year in the lower Keep River Pools.

SIMPER analysis on species level data indicated that the differences in macroinvertebrate assemb
between baseline and 2022 data were driven by multiple small changes g&& nhwitierings ta
majority of taxa contributing less thairti8variati@t most siteGreater abundances of estuarine

taxa (e.g.CorophiidaePolychaeta, and Bithyniidae) and significantly fewer freshwater taxa at
downstream sites were the primarg dfivariance. An analysis of nMDS atisde#téd that the
increased presenceCafrophiidaspp recorded in 2022 wilas main contributor todigaificant
differencebservetetween years.

With respect to water qualistLM (stepwise A$€Quential test results from site K1 indicated that
magnesium, total phosphorus, alkalinity and petiBgptaot assemblage variation beRb2en

and baseline survélygure 16)Phosphorus concentration appeared to be the mosvarfalgatial

when comparing 2022 results to baseline. As discussed in Section 3.1.3, the elevated phosph:
concentrations were attributed to high prevailing water tenvpetaton@g accelerate the release

of phosphatdiEt al.2013). As such, theurrice of the increased phosphorus concemmations
macroinvertebrate communities in 2022ksly to be attributaktleetd@soomig Development

DistLM (stepwise AIC) sequential tesfoesiltedicated that magnesandichloridaccounted for

51% ofthetotal variation of assemblages betwee(Figaes 16lHevated magnesium and chloride
atthis site arkkelytheresult of tidal influenher than amppacts associated with the Goomig
Development. Similar resultsalsa@equiredar site K3, witlvater qualitsariables associated with
salinevateri(e.,magnesium, calcium, alkalinity) accounting for 53% of variation b@tigesea years
16)

DistLM (stepwise AIC) sequentiaiassite K4 indicated that NOx, NH3 and dissalygen
percentage were variatilaexplaiad45% ofhetotal variation between y@agsire 16)ncreased
NOx and NH3 concentratwasften associated with anthropogenic jimzhatiéng agricultural
practiceHowever, asmildy highconcatrationsf these variablegrealsorecordeatreference
sites(Appendix dhissuggestthat high concentratiortb@geparameters anaturally occurring.

When the 2022 data for macroinvertebrate assemblages were investigai@gtinvk(dtdjomise
AIC) sequential test resagiainindicated that parameters related to sadinitpa@nesium,
conductivity, alkalinity and chleedethe primamgrivers of variation, accounting for @Stotl
variatiorfFigure 17aYhese results compliment those indicated by PERMANISY fegptairand
support the notitbratsalinitys the maidriver ofdifferences in macroinvertebrate assenbtlages
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study areaAs such, thepatial variation observed in the macroinvertebrate assemblage data is
considered natuaald not attributable to any influence from the Goomig Development

SIGNAL 2 Score analysis indicated #@22the majority of ssitesatK2, K3, K4 and Reference

sitesfell within quadrant gRgure 18), indicatfagourable habitat conditions with pollutants only
present in negligible concentrations. This also suggests that the increased NOx and NH3 concentrz
at site K4 ateving negligible impacts on macroinvertebrate fauna.

A singlsubsite a2 and two ssitesn Kifell within quadrant {¢igure 18yhich often indicates
anthropogenic impacts such as industrial or agriculturdi pobveorater qualityata recorded

at K2 and K1 did sbbw evidencepafilutioutrathereflected the intrusiogsatihe watérom the

estuary Estuarine macroinvertebrate assemblages typically comprise low species richness and
dominated by saline tolerant thic) was evident at all K2 and ksitssh 2022 (Table. 4) is

understood that sites typically appear in quadrant three as a result of a lower species richness but me
a high SIGNAL 2 score due to toxicity tolerances in resident taxaGNthoGgrs analysis
suggests that sites with high salinity should fall in quadrant two, this analysis is usually conducte
freshwater habitats. It is apparent that the SIGNAL 2 analysis on the aforesitestimagdosub
misinterpreting the naluraccurring high salinities of these estuarine sites as suffering from
anthropogenic impacts.

One referenaeibsitefell within quadrant three (KR2)22 (Figure 18hich usualigdicagsthe

presence tiarsh physical conditions or toxic pdlhgitmestingandlaboratory analysegjgest

that water qualgti/this stiwas comparable to other reference sites, with no signs of toxicant pollution.
The placement of KR2 in quadrant three waigeliteepatial restrictions on sweep netting at this site
owing to thpresence of a large Saltw@tecodilewhich is likely to have resulted in the under
representation of resident macroinvertebrate fauna

Similar to temporal comparisons, SIGbBkE 2nalysis undertaken on 2028 datatiomdicate
thatfreshwatesites i(e.,Reference, K¥hdK3) generally fell within quadrant 1, whilst estuarine sites
fell within quadratiteee antbur (Figure 19).
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4 CONCLUSIOANND RECOMMENDATIONS

Ths report presents the findings of the third (and fdelglppstent survey in line with sampling
frequency defined in Table 7 of the Ord River IrrigatfdeabeaPlain Development Project Aquatic
Fauna Management Plan (AFMP ndllises prested in this report comgbdata collected202

to baseline surveata(20132013)Unlike previous years which were impacted by pelatieenic
travel restrictiondi,ragular monitoring sites aldesto beampleth 2022

No evidence was foumithe current studguggest that tmomifdPevelopment has haglaadverse

iImpact oneithewater or sediment quality within the lower Kaageiyevious 12 mis In all

instances, the herbicide atrazine was below.tWhil€liere were several exceedances-of site
specific guideline values in, 20@&@appeared to be no adverse effects on the biotapeserst

werehe result of natural procegsescularlydal influengca lack of rainfall and runoff, and edtreas
evapoconcentration due to above average air temperatures around the time of the field survey. Nu
concentrations in water and sediment were similar to those rpcanided yeardletal
concentrationmssediments were also consistent with oéprevious years at all sites &4cépts

site recordezbncentrations of most metal antlgteserat least double those recorded in 2021.
However, it is unlikely these results are attributable to any inputs or releases from the Goomig
Development via Border Creek, as K4 is situated upstream of its confluence with the Keep River.
observed increases may be due to ongoing leaching of metal contaminants from roadworks and b
construction on the nearby Legune Road, which tadkguteraber 2020.

Consistent with all previous surveys of the Keep®&iyanighiver Shark) species were captured

in 2022. A solitdryistis pristidargetooth Sawfish) individual was capidsedPristis clavata

(Dwarf Sawfish) were captwithl the latter species being catusse Kior the first time. All

previous records of this species had been from estuarine sites. This result was attributed to much f
salinity levels in the lower Keep River than in previous years.r§a@tmsiistagtured in 2022

were comparable to previous surveys and were within the range of numbers expected based or
magnitude of rainfall and runoff experienced during the preceding wet seabatsamdishting
populations remain fundtiortbe lower Keep River.

The total number of fish species recorded during the 2022 survey was considerably less than ir
previous two surveys. It is believed this is due to the combination of unfavourablegtdes and the
abundance of saltwater crocodiles, which restred@apling effort in comparison to previous years.
Despite these challenges, the patterns of distribution, abundance and species richness of fishes
largely consistent with results of previous surveys, with richness found to decline asssalinity decre
with increasing distance from the eBtuamyacroinvertebrates, current results indicate that the Keep
River pools continue to support a high species@oresisitynt with previous survey results, variation
inmacroinvertebrate assemblagggrimarilgriven by the longitudsadihitgradientyith species

richness aneasingvith distance upstrdaom the estuary.
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Consistent with the previous reporting peziadence was foimthe current studguggeshere
have been amaytmopogenic impacts associated with the Goomig Dettedtipaentpacted the
water and sediment qualitheaquatifaunaassemblaged the lower Keep RiVeecurrent study
brings to a clo#iee aquatic monitoring requirements set oAFPthand while tinature of any
future monitoring is currently unclear, outlined below are several recdhat@agladissist in
defining practical assessment criteria and ideotefyirad futur@pacton the receiving Keep River
environment.

T

Inclusion of water and sediment quality sampling at the point of discharge into Border Creek
along Border Creek. No analytical results of irrigation water or sediment saatfies collected
discharge point weradeavailablat the time of the stu@glletion of water and sediment
samples at the discharge point would allow specific analytes of concern originating from
Weaber Plains Development to be identified and a target analytical suite for investigation in
Keep River to be defined. Furtheteasdit exists in collecting and analysing whieiahnd
sediment samples along Border Creek. This data would provide an indication of whether anal
of concern originating from the Weaber Plains Development dissipate or accumulate priol
entering the Ep River

Sediment and watmalyicalmethodologies shobkl standardised ensure results are
comparable between successive samplinglbigenssserdl fomeaniniylinterpretation

of moitoring results amentificadn of potential impactsdidsussedhe comparison of
concentratis from2021 an@022wih previous data sets was notidemreshppropriater

the purpose a$sessingrpact

Future monitoring should consider the inclusion of water and sediment sampling whe
connectivity exists between the irrigation channel, Border Creek and the Keep River. Historic
sampling has been undertaken several months after the cessatibe &dtéaivyi season

when there is no discharge from the Weaber Plains Development and Border Creek is dry. /
result, the discharge event and input of potentially impactmgybatyssedin addition,

tidal flushing of pools below the coeflofeBorder Creek and the Keep River may results in
impacting analytes being removed from the system prior;to sampling

Consideration should be given to the collection and analysis of aquatic fauna and flora tis:
samples to investigadéentidgbod wie effectsf introduced analyts discussed above, the

timing of the current sampling regime may have meant the innoalytt®mtd the Keep

River was missed and that its affects on sediment and water quality were not captured. Howe
uptakdoy fauna and flora may have occurred. Noting also the proposed expansion of agricultt
in the region and that the Keep River may receive additional discharge from that proposal, a 1
web study would be beneficial to provide baseline understamdinesohputs may affect

it. This data may also assist in understanding whether consumption of higher order species (
Lates calcarijaepresent any health risk to people consuming fish;
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1 Assessment criteria, including the environmental cersgiggenuutlined in Table 8 of the
AFMP, relating to macroinvertebrate and fish species richness of compaosition require reviev
they were not considered practical for monitoring health or identifying impact. Data collec
during the baseline {g@wasruction) surveys indicated that macroinvertebrate and fish species
diversity was highly variable at respective survey sites between years and also between sur
sites in the same year. As a result, the percentages used to define the consequence ratir
outlined in Table 8 were consistently exceeded during the baseline suoneyTperiod
subsequent application of those consequence ratings for the purpose of assessing po
development impact was therefore considered inappropriate;

1 Macroinvertebrasxa composition was particularly variable in the Keep River due to the fact
sites downstream of its confluence with Border Creek were largely consideredto be estuarin
the time of the surMegving elevated salinftiesclose to that of sea watelrat timdseing
tidalyinfluena# In contrast, reference sites located upstreamvandeséirence sites were
largely isolated inland water holes containing freshwater derived from rainfall. Future monito
should consider the inclusion oimie reference sites, including those within an estuarine
habitgtand

1 The fact that capture ratd¥risfis clavat@ere comparatively high when compared to other
studies undertaken in the regyiggested that the Keep River may represgranbi
importanhabitat for the speci€bismay warrant further investigatdiasientify hothe
species utilises estuarine waters and downstream pools (e.g. KR1) of thEhiseepl River
assist in identifying potential impacts in response togvedézaseid into the Keep River
from the Goomig Development and future ¥dhilegbe current study utilisedd3lWwhich
will allow tagged individuals to be identified if recaptured, the use of acoustic tags and installe
of receivers in the rweuld allow the passive collection of data in a labour efficient manner.

1 The methodology used in the sediment analysis do not include or refer to bioavailability acr
any year reporting. Particle size distribution analysis would be beneficialgirtheeter
percentage of bioavailable particulates in sediments (e.g., sediments < 63
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Table 1List and location of the monitoring programs sampling sHateandyqdrefers to whether the site is a potentially exposed (PE) or reference (F
site. Y = sampled inZM2A = not accessible ir2202 blank = not a component of the sarglagpmdertaken at the site aitsub

Site Information Sediment water quality Macroinvertebratey Elasmobranchs Small fish
. . . N .| %2 30 m multi
Code Easting Northin¢ Type I &l yvate D 5 T I W Atrazing Edge lefle 9o @& 7 pane for 2.5
quality 0.5 m interva samples habitats | habitats to8 hrs hours
ESTO1 512679 8305571 PE Y Y Y Y NA NA
...................... EST02 512545 831312¢ PE | Y Y NA Y Y NA Y
ESTO03 513091 831624¢ PE Y Y NA Y NA Y
K11 509484 8305651 PE Y Y Y Y Y 0]
K12 510312: 830473% PE Y Y Y Y Y O
K13 508853 830353C PE Y Y Y Y Y Y NA Y
.......................... K14 | 509064 830272 PE | Y Y Y Y Y Y
K15 508988: 830174t PE Y Y Y Y Y Y
K21 509147 830089z PE Y Y Y Y Y
K22 509256 830070t PE Y Y Y Y Y
K23 509276 830045 PE Y Y Y Y Y Y NA NA
.......................... K24 509141 830012% PE| Y Y Y Y Y
K25 509004 830001z PE Y Y Y Y Y
K31 508553 8299522 PE Y Y Y Y 0] 0]
K32 508512 829889% PE Y Y Y Y 0] Y
K33 508377 829834¢ PE Y Y Y Y Y 0] NA Y
.......................... K34 508350 829785¢ PE | Y Y Y Y o O
K35 508132 8297681 PE Y Y Y Y 0] O
K41 506892 8296907% PE Y Y Y Y Y
.......................... K42 506816 829683( PE Y Y Y Y Y Y NA Y
K43 506977 829645% PE Y Y Y Y Y
KE1 500794 827294: Ref Y Y Y Y
KR1 504078 826570% Ref Y NA Y Y NA
KR2 507481 826086% Ref Y NA Y NA Y NA
SR4 534621 828376¢ Ref Y Y Y Y
DR1 433967 821605¢ Ref Y Y Y Y
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Table 2Median water quality values (mg/L unless indicated), obtafeeshfrersitgsotentially impacted lower KeepsReégand estuary sites in
202. Highlightededian valuesdicate an exceedance of the appB&N@G\and/otLTV. ANZG (208&fault trigger values for tropical Australian
lowland rivers (LR) and estuaries (E) are also displayed.

Keep Rivefpotentially impacted sites) Estuary
Analyte LOR | ANZG (20} K4 K3 K2 K1 ESTO1
LR E [SSWQGY ILTV Media|SSWQG' ILTV | MedianSSWQG" ILTVs Media|]SSWQG" ILTVs Medial SSWQGV Medial
TDScalc 1 2416 302 | 2440 3740 | 12200 17204 27000 35000 31600 : 36&0
9 TSS 5 1.5 62 <5 1.5 29 <5 1.5 21 <5 1.5 27 12 66.8 41
% TempC) 28 31 27.6 294 31 304 32.5 32 30.1 304 33 32.3 314 33.6
 Turbid (NTU) 15 : 20 13.2 120 15 17 10 15 9.7 15 34.8
3 pH (units) 6-8 68.5 8 6.08.00 7.6 8.1 :6.082: 8.0 84 6.084 826| 84 :6.084 84 8.2 8.4
Z DO (%) 90 : 80 52 23 529 79 22 78.2 91 35 875 85 28 | 96.2 88 84.4
Econd (mS/m) 01 250 121 85 465 427 434 575 2176 = 2158 | 2640| 4566 | 4166 : 5390 5444 5660
Alkalinity 1 145 111 151 111 160 139 174 177 187 13
Acidity 1 11.8 4 12 4 16.4 3 1.6 <1 154 5
§ Hardness 1 328 131 540 685 2400 3120| 5300 6950| 6400 : 7350
2 COo3 1 <1 <1l <1 <1 <1 <1l 9 <1 11 <1
g cl 1 251 76 1122 1650 | 7152 8560| 15440 19100 19960 . 20100
g F 0.1 0.21 <0.1| 0.28 0.2 0.48 0.5 0.74 0.7 0.8 08
°© S0O4S 1 105 20 146 207 1002 1060| 2340 2560| 2740 : 2790
‘= HCO3 1 175 111 179 111 185 139 200 177 228 13
2 Ca 1 45 26 65 78 189 248 361 492 439 519
Mg 1 36 16 91 119 456 606 1030 1390 1294 140
Na 1 366 39 625 814 3518 4330| 8816 10200 11400 : 10900
K 1 12 3 19 37 117 208 296 512 397 554
DOC 1 2.8 4 3.8 5 4.3 5 4.7 6 4.3 4
N-NH3 0.005 0.007 : 0.32 i1 0.008 <0.01 0.32  0.006| 0.006 @ 0.32 0.017| 0.022 : 0.32 0.013] 0.07 0.044
f’é N-NOx 0.002 0.01 0.03] <0.01 : 0017 : 0.031] <0.01 @ 0017 : <0.002] <0.01 : 0017 : 0.003] <0.01 : 0017 :<0.004 <0.01 : 0.0®
2 Norg. 0.025/0.01 0.27 0.16| 0.31 0.30 0.35 0.246| 0.47 0.427| 0.57 0513
; NHot.sol. 0.025/0.01 0.22 0.19 0.22 0.20 0.32 0.236] 0.48 0.360 0.57 0442
N-total 0.05/0.01] 0.3 :0.25( 0.24 0.44 - 0.20 0.3 0.39 0.30 0.35 0.35 0.260f 0.5 04 : 0.44 0.66 0.56
P-tot.sol 0.005 <0.005 0.019] <0.005 0.011 | <0.005 0.008, <0.005 0.014| <0.005 : 0.019
P-total 0.005 0.01 0.02] 0.01 0.04  0.022] <0.005: 0.013:° 0.015|] <0.01 : 0.01 {0.012] <0.01 : 0.01 : 0.021 0.03 0.07
S Atrazine (ug/L) 0.5 <0.5 <0.5 <0.5 <0.5
S Dibrom@®DE (%) 0.5 73.5 69.1 63.9 62.0
2 DEF (%)* 0.5 106.5 100.2 89.1 86.1

*Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ASZ&zi#i0 M ptEitQuality Guideline Valva)G®) as the 80th2@th for oxygen saturation
percentilealueof baseline data and Bennett and George (2014) lower Keep River Interim Local Trigger Values (ILTV) for stopsgar € avidotoxieatdb
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Estuary

Reference sites

Analyte Lor |ANZQ2018 EST02 ESTO3 DRL KRL KR2 KE1 SR4
LR E |SSWQG'MedialSSWQG' Media SSWQG" Medial SSWQGYMedia|SSWQG' Median [SSWQG! Medial SSWQG\ Median

TDScalc 1 33200 41000 31600 41900/ 200 = 206 | 146 = 75 | 110 72 52 190

2 TSS 5 704 50 | 582 20 0.9 <5 6.6 70 6.6 <5 1.5 <5 15 <5

g TempC) 296 313| 294 309 | 312 291| 291 29.2| 291 288 | 281 279| 304 30.8

3 Turbid (NTU) 15 20| 624 444 5.3 6.2 6 19.1 1.8

3 pH (units) 68 685 8.2 84 | 81 8.3 8.2 8.8 76 76| 82 7.2 75 7.1 7.9 6.9

= DO (%) 90 80| 95 932| 91 89.5 8 69.2| 67  685| 88 50.3 39 194 74 56.3
Econd (mS/m) 1 250 5848 6300 5720 6450 | 425 317 | 276 116 | 354 111 414 8 30.9 292
Alkalinity 1 171 166 | 147 = 183 | 207 173 | 106 @ 55 | 135 49 135 = 41 150 157
Acidity 1 13.8 = 10 14 3 4.8 <1 3.8 4 3.8 2 9.2 5 5 1

S Hardness 1 7100 8210/ 6920 8460 | 156 = 124 | 104 = 39 75 40 136 29 144

= CO3 1 9 <1 9 <1 3 13 <1 <1 <1 <1 <1 <1 <1 <1

S Cl 1 21860 22500 20200 23200/ 16 8 15 4 18 6 44 3 5 5

EF 0.1 092 09| 093 09 029 0.2 01  <0.1| 0.07 <01 | 016 <0.1| 0.3

© S04S 1 3010 3170 | 21 <1 3 2.5 3 <1 5.2 5

2 HCO3 1 206 166 | 180 218 161 | 132 55 [ 114 49 169 = 41 178 157

2 ca 1 465 551 | 453 568 28 20 21 9 26 8 24 5 27 25
Mg 1 1448  1660| 1404 @ 1710| 26 18 14 4 18 5 17 4 21 17
Na 1 12500 12900 17 19 6 30 5 4 4 5
K 1 683 700 12 3 8 4 8 3 8 2 3 4
DOC 1 2.3 3 1.6 2 3.1 5 4.5 5 4.2 4 115 7 2.3 3
N-NH3 0.005 0.014 <0.00f <0.01 0.006| <0.01 <0.009 <0.01 0.018 <0.01 0.041 | 0.032 <0.00§ <0.01  <0.005

£ NNOx 0.002 | 0.01 0.03| <0.01 0.002| 0.017 <0.002 <0.01 <0.00 <0.01 0.011] 0.014  0.084 | <0.01 <0.007 <0.01 <0.002

8 Norg. 0.025/0.01 024 056| 02 0332| 031 044| 039 0.74| 038 @ 0.32 095  0.62| 0.15 0.13

S Ntot.sol. 0.025/0.01 022 0297 016 0181 021 0.22| 0.38 040| 0.3 053 | 083 044| 0.5 0.10
N-total 0.05/0.01] 0.3 0.25| 0.33 0562 047 0338 029 044| 0.38 0.77| 0.37 044 | 094 062| 0.16 0.13
P-tot.sol 0.005 <0.005  0.024| <0.005 0.018| <0.005 0.025 <0.005 0.018 <0.005 0.017 | 0.01 0.014| <0.005 0.016
P-total 0.005 | 0.01 0.02] <0.005. 0.09| 0.032  0.049| 0.016 & 0.038| <0.005 0.067| <0.005. 0.039 | 0.022  0.032] <0.005  0.02

3 Atrazine (ug/L) 0.5 <0.5

£ Dibrom®DE (%) 0.5 62.0

£ DEF (%)* 0.5 86.1

*Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ASZ&zi#0 Mpteit®uality Guideline Valud)XS®) as the 80th, or 20th for oxygen saturatiole,
valueof baseline data and Bennett and George (2014) lower Keep River Interim Local Trigger Values (ILTV) for stepsdinr e avidoimxieatdhs
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Table 3Median sediment quality values (mg/kg unless indicated), obtained from potentially impactesitessad lestyaRistestween 2020 and
202. Median values highlighted purplS©GS exceedance. ANZG (2018) sediment default guidéings)adinelsdefault guideline vidigagGV
H) are also displaydd. valuas red typeface indicate thaintiteof reporting (LOR) was greater t6GBQEV .

Estuary Keep River
ANZG (201¢ ESTO1 EST02 ESTO3 K1 K2 K3 K4
Analyte LOR

DGV GVH [SQG\ 2020 2021 2022{SQG\202(2021 2022J]SQG\202(:2022 2022|SQG\ 2020 2021 2022/SQG\ 2020 2021 2022{SQG\202(2021 2022(SQG\ 2020 2021 2022

Si 1 154 180 10 @ 8 | 160 6 | 178 6 | 190 130: 8 10 | 160 160 7 7 | 182 11 | 190: 190: 13 : 22

Cl 10 8800: 3230:1020( 9960{1100( 13004 1090( 1020(1040(¢ 2600 8640 13200 5840: 85 ' 4910 5870 694 14101 850 15 20 : 30

g SO4 10 1580 2000 1610 1590 2020 2080 2580 1590] 1820: 2000 950: 1950 812 : 30 : 780: 690 | 308 50 | 384: 200 15 10
_E_ Na 50 6560:1000( 7520 8200] 7020 8750 7420 7830| 8080: 8100 7560:1270( 5160: 590 : 3980. 5600/ 920 16401 936 230 90 : 140
g K 50 2900: 4100 2290 2280] 1680 1940 2220 1860] 2640: 3200 2900 3370] 2200: 1700 1560: 2200 1400 2560( 1300 1200 500 : 1580
Ca 50 4860(:3100(4700(478045980( 6300(6820( 9080(1120( 7000: 4200: 2230f 4720: 2900 2350 3120 4020 3860] 4140 2600 1370 3510

Mg 50 7980; 9600: 7820 7840 7120 8030 7700 8760 6520; 7900 5810: 6630| 6720: 3700 4000;: 5590 5940 6350 5900 3100 1280: 4360

NO3N 0.1 1 <l <0.1:<0.1| 1 <0.1] <1 <0.1] 1 1 <01 <0.1f 1 1 <01 <01f 1 <0.1] <1 | <1 <0.1i<0.1

% NTotal 20 344 300 240 160| 168 180| 176 130 460 590 410 420 522 360: 430 440| 596 480| 732 440 150: 620
;% P-Total 2 210 200: 201: 200| 240 220| 264 256| 150 : 130 143 122] 160: 90 : 95 : 123| 140 148 150: 76 i 40 : 142
= NH4N 0.2 2 2 1232 72| 1 09] 2 15|42 5 144 134| 72 4 184 20| 9 378] 35 6 10.2: 51.7
TOC% 0.02 0.71: 0.38: 0.13; 0.16] 0.52 0.19] 0.5 0.12] 0.7 : 0.65 0.26: 0.43] 0.7 { 0.46. 0.5: 0.51| 0.8 0.45] 1 059 0.24:0.71
Al 50 1052(:2190( 7780 6800 6098 5090 7370 4770[1700(:2620(1220(:1480(1730(:2450( 6850:1470( 1634 1910(1662(1640( 4440 1630(

Sb 05| 2 25 | 0.06: 0.07 <0.5: <0.5|<0.0% <0.5| 0.07 <0.5] 0.09: 0.09: <0.5: <0.5| 0.12: 0.08: <0.5 <0.5| 0.12 <0.5] 0.13; 0.08; <0.5: <0.5

o As 1] 20 70 | 36 44 331 3.69| 5.2 6.07| 8.6 7.62] 25 29 206227 23 22 161193 2 2.03] 21 1.7 05:214
§ Ba 10 17 1 23 10 : 10 | 12 10 | 12 10 | 114 80 : 100: 120 172 : 150 80 : 130| 160 160( 170: 140: 90 = 190
g Be 1 0.34:044 <1 <1 ]0.19 <1 |0.23 <1]075 057 <1 1 |0.76: 051 <1 <1 |0.67 <1(0.73: 053 <1 <1
" Bi 0.1 <0.0% 0.14 <0.1: 0.1 |<0.0% <0.1]<0.0& <0.1] 0.14:0.16. 0.2 0.2 0.16: 0.12. 0.1 : 0.2 | 0.15 0.3 ]| 0.16: 0.13: <0.1. 0.3
B 50 23 | 36 | <50 <50| 22 <50| 24 <50] 13.2;: 21 <50 <50 6.2 : 6 :<50: <50| 2.5 <50| 25: 5 | <50: <50

Cd 0.1 1.5 | 10 [<0.0%<0.0% <0.1; <0.1/<0.0& <0.1]<0.0% <0.1]<0.0% 0.05: <0.1; <0.1]<0.0% 0.05 <0.1; <0.1|<0.0% <0.1]<0.05<0.0t <0.1; <0.1
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Estuary Keep River
ANZG (201¢ ESTO1 ESTO02 ESTO3 K1 K2 K3 K4
Analyte LOR

DGV GVH |SQG\ 2020 2021 20221SQG\202(:202% 2022|SQG\202(2021 2022|SQG\ 2020: 2021 2022/SQG\ 2020 2021 2022/SQG\202(:202% 2022{SQG\ 2020 2021 2022

Cr 1|80 :370| 18 : 27 . 16 : 15| 13 12.8( 15 122 27 | 32 1 23 1282 29 26 : 17 : 27 | 29 333 29 . 21 10 : 264

Co 1 10 { 11 . 8 76| 10 8.3 | 12 85| 21 : 18 19 :16.7] 23 . 20 : 18 : 20.8| 22 19.8] 23 20 i 12 : 248

Cu 1 65 | 270 | 9 11 7 6.8 5.6 49| 5.6 45| 15 18 13 : 18 | 19 : 16 : 13 : 20.3| 18 22.8| 18 | 15 6 198

Ga 0.1 43 :69 26 25| 28 21| 33 2 77 74 4 :53[83:89 26 54|78 73182 6 {16 6.3
Fe 50 1800(:2300(:1440(1320¢1500( 1400(¢1700( 1410(2940(:3100(2440(:2780¢3320(:2500(1740(2870(3200 3690( 3200¢2700(1110¢3230(

La 0 12 ¢ 14 : 10 : 11.1] 12 12.6] 12 15| 18 : 17 : 14 {172 20 : 19 . 15 : 18.8| 19 23.7] 20 : 15 8 1222

Pb 1| 50  220| 6 76 47 48] 4 48| 5 5 10 { 11 1 9.2 1 10.7] 11 : 12 1 94 11 | 10 12.8] 11 : 9.8: 5.2 : 133

Li 0.1 8 18 6.7: 64| 6 56| 7 53| 7 16  49: 63| 7 98 27 56| 6 58| 6 {61 13 438

Mn 10 290 : 310 249 260| 388 438 | 546 523]| 630 590: 504 332 1100: 620 619 495| 740 505| 748: 630: 522 696

Mo 2 0.23:0.19; <2 <2 |0.21 <2 | 0.3 <2 10.32:0.28; <2 <2 0.28 0.13: <2 <2 | 0.22 <2022 014 <2 <2
Hg 0.0 0.15: 1 | 0.21:<0.0z<0.01<0.030.662 <0.030.89€ <0.0] 0.45:<0.0z<0.01 <0.03 0.49:<0.02<0.01<0.03 0.31 <0.07 0.28€ <0.0z <0.0%1 <0.01
Ni 1 21 52 10 : 14 88 9 7 84| 8 84| 17 : 18 139 16.6| 19 | 22 144 17.9| 18 19.2| 18 : 14 : 6.8 : 16.5

Se 0.1 0.06: 0.09: 0.05: 0.1 [<0.0% 0.1 | 0.05 0.2]0.11:012 0.2 0.2]0.11:0.12 0.1: 02| 0.1 0.2 | 0.11: 0.11: 0.05: 0.3
Ag 01| 1 4 ]<0.0%<0.0% <0.1: <0.1|<0.0t <0.1]<0.0t <0.1]<0.0%<0.0% <0.1: <0.1|<0.0%<0.0t <0.1: <0.1|<0.0% <0.11<0.05<0.0% <0.1: <0.1

Sn 0.1 <05 1 05: 0.5]|<05 041 0.6 04]106:11 08 1 0.7 1 05 1 0.7 141 08: 08: 04: 11

Ti 10 220 | 460 : 360 : 320| 224 270| 258 260| 112 : 280 210 190| 100 : 280 150 200 | 99.2 250| 73.4: 130 80 : 190

U 0.1 05 :0.72 05 04| 04 05| 04 05/ 08:094 07: 08| 1 099 07 1 0.9 1 1 07503 1
\ 2 29 | 43 @ 27 256 24 27.6] 30 26.4] 56 | 65 54 :67.3| 66 | 87 68 | 74.8| 66 79 | 66 62 36  78.4
Zn 1]200: 410| 18 | 24 15.6: 15.3] 15 13.3] 15 1271 25 ¢ 26  20.7. 249| 31 | 20 { 13.4! 25.5| 29.2 289 29 1 19 74 228
g Atrazine 0.05 <0.01:<0.0¢ <0.0§ <0.01<0.0% <0.04 <0.02<0.0% <0.04 <0.0% <0.01<0.0% <0.05
% DibroneDDE 0.05 114 89.4 94.3: 85.2 108: 77.7 90.7 113:77.54
= DEF 0.05 74.6 94.7 95.2: 91.6 111 86.64 93.2 111:78.34

*Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ABiz&8if0 B)disient Quality Guideline Val&€3E8¥as the 80th percentile value of baseline datz
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Table 4Fish species and numbecsrded from each-site sampled in 202

Life- Keep River Estuary Reference

S common Name C;{:é%ry Kl} Kzl' K31' K4l Ksl K1 Kf Kzz K?:‘L Kf K52- K2 Kf’ K32 K33 K34 K35 K3 K14 K24 K; K4 | ESTO2| ESTO3| KEL | DR1| SR4| Total
Carcharhinus leucas BullShark EE 1 2 1 2 6 2 2 8
Eleutheronema tetradactylur BlueThreadfin MM 1 5 6 4 10
Ell@helon vaigiensis Diamondscale Mullet MM 4 2 7 6 19 12 3 6 2 27 6 4 1 3 14 3 12 8 23 4 87
Glosogobiuspp. Goby EV/P * 1
Heplaestus jenkinsi WesterisootyGrunter P 1 1 2
Lates calcarifer Barramundi Sc 1 2 1 4 4 4 2 10 4 3 7 2 1 1 4 2 4 32
Lutanus argentimaculatus Mangrovéack MM 2 2
Marlyna meraukensis Meraukdoadfish MV/EV * 2 3 * 1 4
Megéops cyprinoides OxeyeHerring MM 1 1 2 9 12
Melaotaenia australis WesterRainbowfish P * * 3
Moolgarda buchanani Bluetail Mullet MM 1 1 1

Neméalosa erebi BonyBream P 8 10 1 2 22 4 18 7 36 2 67 53 28 9 15 12 117 8 4 21 2 6 1 236
Neoaius graeffei BlueCatfish MV/EV/P 1 1 2 6 1 4 5 8 11 2 21 1 2 9 1 3 1 1 47
Neoarius midgteym ShovehosedCatfish P 21 21
Neosilurus ater Narowfrontedandan P 1 1
Planiliza ordensis Diamond/ullet MM 1 1 1 3 2 2 20 2 1 2 25 5 5 40
Pomaasys kaakan Barredavelinfish MM 2 2 2
Pridis claved Dwarf Sawfish EE 1 1 1 3 6 6
Prigis pristis Largetooth Sawfish EE 1 1 1
Strangylura krefftii Freshwatdiongtom P 2 2 1 1 2 * 5
Thryssap. Anchovy MM 2 1 1 4 4
Toxdes chatareus SeverspotArcherfish P 1 2 * 1 4 1 2 3 * 12
Species Richness 8 7 5 8 7 11 5 4 5 5 4 9 5 5 7 4 5 11 5 5 4 5 1 5 9 9 22

Total Number 13 19 15 16 16 79| 18 36 13 50 7 124 | 85 42 20 28 20 195 | 21 23 15 59 4 20 40 10 538

Lifecycle categes EE = euryhaliasmobrancMM = marine migrants, MV = marine vagrants, EV = estuarine vsgmacasa@omous, and P = potamodromous fishes (but includes those fresispatae &ivlighaich
migratory information is unavailiel)w cells indicatjusted data, * indicates sighting only
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Table 5Results of the PERMAN@¥Autatiohmultivariate analysis of varidype 1 sequential)
paigyise testgundertaken on fish abundance(Bia@-urtissimilarity) recorded during baseline
surveys (202D13) and pedevelopme(2021 and 202&)potentially impactédsand reference
sites N.B. Significanalues (p < 0.05) are highligitsshand in instances when the number of
permutations waslow 100 (highlighted yelloW)dh&e Carl@mlue should be referred to.

; Pair t P(perm) Unigue perms P(MC)
K1 Baseline, K1 2022 1.8017 0.0014 7368 0.0066
K2 Baseline, K2 2022 1.4496 0.0239 7346 0.0603
K3 Baseline, K3 2022 1.0287 0.4032 7393 0.3831
K4 Baseline, K4 2022 1.3046 0.1494 220 0.1693
Reference Baseline, Reference 1.2376 0.1524 220 0.1943
K1 2022, Reference 2022 1.714 0.018 56 0.0451
K2 2022, Reference 2022 1.6004 0.0189 56 0.06
K3 2022, Reference 2022 1.9106 0.019 56 0.0217
K4 2022, Reference 2022 1.4713 0.1005 10 0.1436
K1 Baseline, K1 202 1.9476 0.001 965 0.005
K2 Baseline, K2 202 1.7873 0.002 977 0.009
K4 Baseline, K4 202 1.2521 0.176 218 0.195
Reference Baseline, Reference 1.5644 0.255 4 0.199
K12021, Reference 2021 1.961 0.178 6 0.046
K2 2021, Reference 2021 1.8689 0.174 6 0.05
K4 2021, Reference 2021 1.3376 0.49 4 0.253
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Table 6Edge macroinvertebrate species abundance data fromsigasampled in 20R|.B. Data are 1gbundance classgs; 1 individual, 2-+@
individuals, 3 =1Q0 individuals, 4 =-1000 individuals, 5 = >100®iduals

Keep River Reference
K1 K2 K3 K4
PHYLUM Class Order Family Lowest Taxon 1:2:i3:4:5]1:2:3:4:5|1:2:3:4:5][1:2:3)|KEl:KRL: KR2: SR4: DR1
ANNELIDA Oligochaeta Oligochaeta spp. 2
Polychaeta Polychaeta spp. 3 3: 3 3 3|1 4:4:4:4:3 2
ARTHROPODA Arachnida Acarina spp. 2 2 2 2 2
Branchiopoda Diplostraca Cyzicidae Eocyzicus spp. (juv) 4
Insecta Coleoptera Carabidae Carabidae spp. 1 1
Chrysomelidae Chrysomelidae spp. 1 1
Dytiscidae Bidessuspp.
Clypeodytes feryi
Clypeodytes larsoni 1
Clypeodytes weiri
Copelatus nigrolineatus 1 2 2
Hydroglyphus godeffroyi 2
Hydroglyphus grammopterus
Hydroglyphus leai 1
Hydroglyphus mastersii 3
Hydrovatus ovalis 1 2 1 2 2
Hydrovatus parallelus 1 2 2
Hyphydrus elegans 21 3 2 1 1
Hyphydrus lyratus 2
Laccophilus cingulatus 1
Laccophilus clarki 1 1 1 3 3 1
Laccophilus religatus 2
Laccophilus sharpi 1 2 2 2 2
Laccophiluspp. (L) 1
Laccophilus transversalis 22
Limbodessus compactus
Megaporus ruficeps 1 2 1
Megaporuspp. 2 1
Tiporus demmaculatus
Tiporus josepheni
Tiporus undecimmaculatus 1
Elmidae Elmidae (L) 3 3
Georissidae Georissuspp. 1 1
Hetericeridae Heterocerwspp. 1 2
Hydraenidae Hydraenapp. 1 22 1 2 2 2 2 2 2 2 3 2
Limnebiuspp. 2:2:3:1:1
Ochthebiuspp. 1
Hydrochidae Hydrochuspp. 1 2:2:i2:i2:82|12:34:12 3 4 2 2
Hydrophilidae Amphiops australicus 1 1 1 2
Amphiops micropunctatus 1
Anacaenspp. 2
Coelostoma fabricii 1
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Keep River

Reference

PHYLUM Class Order Family

Lowest Taxon

K1

K2
3:144:t5

K3

K4

KE1

KR1

KR2 | SR4

DR1

ARTHROPODA Insecta Coleoptera Hydrophilidae

Enochrus deserticola

Enochrus eyrensis

Helochares clypeatus

Helochares marreensis

Helochares tatei

Hydrobiomorpha bovilli

Hydrophilidae (L)

Laccobius billi

Paracymus spenceri

Regimbartia attenuata

Limnichidae

Limnichidae spp.

Noteridae

Hydrocanthus waterhousei

Neohydrocoptus subfasciatus

Notomicrus tenellus

Scirtidae

Scirtidae spp.

Staphylinidae

Pselaphinae spp.

Staphylinidae spp.

Austroconopspp.

Diptera Ceratopogonidae

Ceratopogoninae spp.

Chironomidae

Chironominae spp.

Orthocladiinae spp.

N

Tanypodinae spp.

sininiviw

Culicidae

Anophelespp.

Simuliidae

Simuliidae spp.

Tabanidae

Tabanidae spp.

Ephemeroptera Baetidae

Baetidae spp.

Cloeon fluviatile

Cloeorsp. NT2

Cloeorsp. Red Stripe

Cloeorspp.

Caenidae

ipp

RiNvikiRiN

Tasmanocoersp. E

Tasmanocoersip. M

Tasmanocoersp. Pdrcuata

Hemiptera Belostomatidae

Diplonychus eques

Gelastocoridae

Nerthrapp.

Gerridae

Limnogonus fossarum gilguy

Limnogonuspp.

Rhagad

tarsus anomalus

Tenagogerris pallidus

Hydrometridae

Hydrometrspp.

Meenoplidae

Meenoplidae spp.

Mesoveliidae

Mesovelia horvathi

Mesovelispp.

Mesovelia vittigera

Micronectidae

Micronecta adelaidae

Micronecta annae

% INDOPACIFIC
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Keep River

Reference

PHYLUM Class Order Family

Lowest Taxon

K1

K2

4

K3

K4

KE1

KR1: KR2: SR4: DR1

ARTHROPODA Insecta Hemiptera Micronectidae

Micronecta robusta

Micronectspp.

Micronecta virgata

Microvelidae

Microvelispp.

Nepidae

Austronepa angusta

Laccotrephes tristis

Ranatra diminuta

Ranatrapp.

Notonectidae

Anisopspp.

Enithares atra

Enithares loria

Notonectidae spp.

Nychia sappho

Ochteridae

Ochteruspp. (Juv)

Pleidae

Parapleapp.

Velidae

Microvelia herberti

Veliidae spp.

Lepidoptera

Lepidoptera spp.

Odonata Coenagrionidae

Argiocnemis rubescens

Austroagrispp.

Coenagrionidae spp.

Ischnura aurora

Ischnurapp.

Pseudagrion aureofrons

Pseudagrion lucifer

Pseudagrion microcephalum

Argiocnemis pygmaea

Gomphidae

Antipodogomphus neophytus

Libellulidae

Crocothemis nigrifrons

Hydrobasileus brevistylus

Libelulidae spp.

Neurothemis stigmatizans

Potamarcha congener

Rhodothemis lieftincki

Trameapp.

Zyxomma elgneri

Lindeniidae

Ictinogomphus australis

Platycnemididae

Nosostictspp.

Anisoptera spp.

Zygoptera spp.

Trichoptera Leptoceridae

Oecetispp.

Triaenodespp.

Triplectides australicus

Triplectides australis

Triplectides ciskus seductus

Triplectides parvus

Triplectidespp.

Malacostraca Amphipoda Corophiidae

Corophiidae spp.

Melitidae

Melitidae spp.
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Keep River Reference
K1 K2 K3 K4
PHYLUM Class Order Family Lowest Taxon 1 3 1:2:i3:4:5]|1:2:3:4:5|1:2:3]|KEl1:KRL: KR2: SR4: DR1
ARTHROPODA Malacostraca Decapoda Atyidae Caridinapp. 3 2 1 3 2 2
Hymenosomatidae  Amarinuspp. 2
Palaemonidae Macrobrachium rosenbergii 3 2 1 2:3 2
Macrobrachiuspp. 31 3
MOLLUSCA Bivalvia Cardiida Cyrenidae Corbiculapp. 1 4 4 4
Unionoida Hyriidae Lortiellapp. 3:4:4:i4:3 2 2 1 2 3
Gastropoda Hygrophila Planorbidae Ferrissia petterdi 1 1 1 1
Gyrauluspp. 3:2:2 2 2 1 1 3 2 3 2 2 2
Hygrophilspp. 2 1
Hypsogastropoda  Bithyniidae Bithyniidae spp. 1
Gabbiapp. 3 2:3:2 2 2 1 2
Thiaridae Thiaraspp. 2 2 2
Viviparidae Notopalapp. 2 1 2 2
NEMATODA Nematoda spp. 2
Taxa Richness 5 3 15:18:17: 17: 13| 24: 31:36: 22: 26| 43: 39 : 45 46 46 25 43 43
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Table 7Percentageompositioof macroinvertebrate classes and total taxonomiaewindess
within edge samples collected during baselia@813Dahd pedevelopment (202021 and 2022

surveys from sites sampled &(RQ2 K2K3K4,KE1, KRKR2 SR4and DR1).

Phylum Class 2011 2012 2013 2020 2021 2022
ANNELIDA OLIGOCHAETA 0.63 0.57 0.57 0.61 0.83 0.64
POLYCHAETA 0.63 0.57 0.57 0.61 0.83 0.64
ARTHROPODA  ACARINA 0.63 1.72 057 061 250  0.64
BRANCHIOPOL 0.00 0.00 0.00 0.00 0.00 0.64
ENTOGNATHA  1.27 0.57 0.57 0.61 0.00 0.00
INSECTA 82.28 82.18 85.80 86.67 80.00 87.18
MALACOSTRA(C 6.96 6.90 4.55 4.24 7.50 3.85
CNIDARIA HYDROZOA 0.63 0.57 0.57 0.61 0.83 0.00
MOLLUSCA BIVALVIA 1.27 1.72 1.14 1.21 1.67 1.28
GASTROPODA 4.43 4.60 3.98 4.24 4.17 4.49
NEMATODA 0.63 0.00 0.57 0.61 0.83 0.64
NEMERTEA 0.63 0.00 0.57 0.00 0.00 0.00
PLATYHELMINTHE TURBELLARIA 0.00 0.57 0.57 0.00 0.83 0.00
Grand Tota 158 174 176 165 120 156
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Table 8Results of the PERMANOVA (permutational multivariate analysis of variance, Type 1 sequer
paigyise tegtgundertaken on edge macroinvertebrate abund§Bcafladis similarity) recorded
during baseline surveys (201B) and pedévelopme(2021 and 202&)potentially impactads
and reference sites. N.B. Signifedlaes (p < 0.05) are lyptédgreerand in instances when the
number of permutatiod€0 (highlighted yellowMbete Carl@mlue should be referred to.

Pair t P(perm) Unique perms P(MC)
K1 Baseline, K1 2022 2.2846 0.001 971 0.001
K2 Baseline, K2 2022 2.6123 0.002 973 0.001
K3 Baseline, K3 2022 1.0287 0.404 968 0.374
K4 Baseline, K4 2022 2.2508 0.013 214 0.008
Reference Baseline, Reference 1.2734 0.149 55 0.168
K1 2022, Reference 2022 1.879 0.052 21 0.047
K2 2022, Reference 2022 1.9983 0.06 21 0.022
K32022, Reference 2022 1.9305 0.048 21 0.034
K4 2022, Reference 2022 2.1105 0.102 10 0.054
K1 Baseline, K1 2021 2.3297 0.001 965 0.003
K2 Baseline, K2 2021 2.977 0.001 967 0.001
K4 Baseline, K4 2021 1.3614 0.022 220 0.074
Reference Baselieference 20z 1.5005 0.043 28 0.091
K1 2021, Reference 2021 2.9022 0.049 21 0.007
K2 2021, Reference 2021 3.1128 0.051 21 0.003
K4 2021, Reference 2021 1.1315 0.301 10 0.395
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Table 9Results of the PERMAN@¥A(utational multivariate analysis of yaiygeck sequential)
paigyise tegtgundertaken on edge macroinvertebrate abund§Bcafladis similarity) recorded

in individual years during baseline survey20@)1fhd postevelopmen{D-2022). N.B.
Significamalues (p < 0.05) are highligineeatand in instances when the number of permutations was
below 100 (highlighted yellowjdhee Carl@mlue should be referred to.

Unigue
Site Pair Year t P(perm) perms P(MC)
2011,2012 | 1.8227 0.009 126 0.012
Baseline, Baseline 2011,2013 | 3.2584 0.007 126 0.001
2012,2013 | 2532 0.009 126 0.002
2011,2020 | 2.284 0.009 126 0.002
2011,2021 | 3.9432 0.007 126 0.000
2011,2022 | 3.1388 0.008 126 0.001
2012,2020 | 2.4418 0.007 126 0.002
Baseline, PeBevelopment 2012,2021 | 3.4232 0.009 126 0.000
K1 2012,2022 | 2.6214 0.009 126 0.001
2013,2020 : 3.1554 0.010 126 0.001
2013,2021 | 1.941 0.007 126 0.013
2013,2022 | 1.4822 0.022 126 0.079
2020,2021 | 4.0044 0.010 126 0.000
Post Development, Fdstelopment 2020,2022 | 2.8173 0.008 126 0.001
2021,2022 | 2.1867 0.008 126 0.007
2011, Ref 2011 2.5239 0.007 126 0.001
Bagline, Reference 2012, Ref 201z 3.1727 0.008 126 0.001
2013, Ref 201%  3.7225 0.009 126 0.000
2011,2012 | 1.6856 0.007 126 0.020
Baseline, Baseline 2011,2013 | 3.6745 0.007 126 0.000
2012,2013 : 3.0302 0.008 126 0.001
2011,2020 | 2.3458 0.007 126 0.003
2011,2021 | 4.4403 0.008 126 0.000
2011,2022 | 4.541 0.008 125 0.000
2012,2020 | 2.0627 0.008 126 0.007
Baseline, PeBevelopment 2012,2021 | 3.9547 0.008 126 0.000
K2 2012,2022 | 4.2005 0.008 126 0.000
2013,2020 | 3.4831 0.009 126 0.000
2013,2021 | 3.2072 0.009 126 0.001
2013,2022 | 4.2577 0.008 126 0.000
2020, 2021 : 4.0695 0.010 126 0.000
Post Development, Hastelopment 2020,2022 | 4.2341 0.008 126 0.000
2021,2022 | 3.7206 0.008 126 0.000
2011, Ref 2011 1.7218 0.007 126 0.019
Ba=line, Reference 2012, Ref012 = 2.0279 0.007 126 0.004
2013, Ref 2012 3.3277 0.010 126 0.000
2011,2012 | 1.7221 0.008 126 0.019
Baseline, Baseline 2011,2013 | 2.4564 0.009 126 0.002
2012,2013 | 2.0165 0.008 126 0.005
2011,2020 | 2.4823 0.008 126 0.002
K3 2011,2022 : 2.8639 0.009 126 0.001
Baseline, PoBevelopment 2012,2020 | 2.216 0.006 126 0.003
2012,2022 | 2.8079 0.007 126 0.001
2013,2020 | 2.1446 0.008 126 0.005
2014, 2022 | 2.5006 0.006 126 0.002
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A

Post Development, Adstelopment 2020, 2022 2.9026 0.008 126 0.001
2011, 2011 Re 1.7844 0.011 126 0.016

Baeline, Reference 2012, 2012 Re.  1.8336 0.008 126 0.010

2013, 2013 Re. 1.8539 0.007 126 0.014

2011,2012 : 1.5847 0.098 10 0.086

Baseline, Baseline 2011,2013 | 1.6593 0.100 10 0.063
2012,2013 | 1.1498 0.100 10 0.289

2011,2020 | 1.7397 0.101 10 0.059

2011,2021 | 1.5959 0.101 10 0.080

2011,2022 | 2.0552 0.099 10 0.027

2012, 2020 | 1.4473 0.102 10 0.124

Baseline, PeBevelopment 2012,2021 : 1.5197 0.097 10 0.104

Ka 2012,2022 i 2.073 0.102 10 0.025
2013,2020 : 1.2872 0.100 10 0.198

2013,2021 : 1.3486 0.099 10 0.164

2013,2022 : 1.9085 0.100 10 0.039

2020,2021 : 1.4751 0.100 10 0.115

Post Development, Fdstelopment 2020, 2022 | 2.0824 0.102 10 0.029
2021,2022 | 2.0844 0.097 10 0.027

2011, Ref 2011 1.5089 0.037 56 0.070

Bagline, Reference 2012, Ref 2012 1.1925 0.053 56 0.238

2013, Ref 201%  0.9751 0.602 56 0.464

2011,2012 | 1.3639 0.007 126 0.096

Baseline, Baseline 2011,2013 | 1.4204 0.009 126 0.066
2012,2013 | 1.3254 0.008 126 0.116

2011, 2020 : 1.7028 0.007 126 0.017

2011,2021 : 1.4999 0.043 21 0.085

2011,2022 | 2.1222 0.008 126 0.006

2012,2020 : 1.7222 0.008 126 0.023

Reference Baseline, PeBevelopment 2012, 2021 1.5683 0.047 21 0.065
2012,2022 | 2.1556 0.006 126 0.004

2013,2020 : 1.6593 0.006 126 0.024

2013,2021 | 1.4516 0.093 21 0.100

2013,2022 | 2.1308 0.009 126 0.004

2020,2021 | 1.6328 0.049 21 0.060

Post Development, Hastelopment 2020,2022 | 2.0411 0.008 126 0.006
2021,2022 | 15276 0.049 21 0.090
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Figure 2 Mean {SE) onductivity, temperature and dissolved oxygen (saturation) depth profiles
recorded from each site samp2e@
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Figure 9NonmetridVIDS plots of fish assemblage data (transfatmredeep River (K1,K3and
K4) and reference (DIRE1 and SRditesampleduring baseline (22011.3) and pedévelopment

(20202021and 2022surveyseparated by year and site.
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Figure 11Distanc®ased redundancy analysis (dbRDA) plots of fish assenfitdgeepaaver (K1, K2 and K4) and referenéee(D&tid SiRdites
sampled during baseline (only 2011 and 2012 available for water quality-diatajogmaiegpd gEB202) surveys overlaid with transformed and
normalised predictor water quality variables (based on distLM analysis). Vectors indicate the directioraeatestize edfircofriiibgordination plot.

Projet 2023- Postdevelopmekteep RivekquatiGaunéSurvey 202Re/ C 56



M= INDOPACIFIC

5//;\\‘

2022
40— -
A) site
¥ A K1
v K2
W K3
= & K4
o
E 20 Ref
g
i)
Q
k)
=
§ v
< 04
2 elanotaenia australis
=
S
=
g
S Neoarius graeffei
<€
e -20
r=1
k] \\/
_40-
[ T T T T 1
-60 -40 -20 0 20 40
dbRDA1 (26.4% of fitted, 26.6% of total variation)
2022
40 site
B) A K1
v K2
m K3
= & K4
o
g 20- Ref
g
<
Q
k)
= P_total
;O
E
ks)
=
N
S
2
= -20
=1
=)
40
[ T I T T 1
-40 -20 0 20 40 60

dbRDA1 (42.6% of fitted, 23.7% of total variation)

Figure 2. Distancéased redundancy analysis (dbRDA) plots of fish assenfblaljeagativer

(K1, K2K3and K4) and reference (I¥EIL, SR&itessampled in 2D2A) overlaid with transformed
fish species abundance data (vectors indicate gtie asicedirection of the species effect in the
ordination plot); ®)erlaid with transformed and normalised predictor water qualigctarg@bles (
indicate the direction and strength of the parameter effect in the @rdination plot

Projet 2023- Postdevelopmehteep Rivekquatit-auneSurvey 202Re/ C 57



f= INDOPACIFIC
N

\\\N

2D Stress: 0.16 || Similarity
-+ 30

Site-year
A 2011 K1 @ 2021 K2 4 2020 K4
v 2012 K1 42022 K2 @ 2021 K4
B 2013 K1 A 2011 K3 + 2022 K4
® 2020 K1 w 2012 K8 A 2011 Ref
® 2021 K1 m 2013 K3 w 2012 Ref
+ 2022 K1 @ 2020 K3 m 2013 Ref
A 2011 K2 2022 K3 4 2020 Ref
v 2012 K2 A 2011 K4 @ 2021 Ref
W 2013 K2 w 2012 K4 - 2022 Ref
& 2020 K2 m 2013 K4

Figure B. NonmetridMDS plots of edge macroinvertebrate assemblag® datd)oghin Keep
River (K1, KK3and K4) and referer€R1KR2 KE1, SRdnd DR1) siteampled during baseline
(20112013) and pedevelopment (26202) surveyseparated bygr and site.
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Figure 14NonmetricMDS plots of edge macroinvertebrate assemblag® deadefiathin Keep River (K1,K3nd K4) and refereiCB1KR2 KE1,
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Figure 16Distancéased redundancy analysis (dbRDA) plots of macroinvertebastespaags ddta Keep River (K1, K2, K3 and K4gsitpked
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Figure 17Distancéased redundancy analysis (dbRDA) plots of macroinvertebrate assemblage dat
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