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Executive summary

This is the first of three scientific reports for the Gges River Aquatic Health Monitoring Program
(GRAHMPR)The Environmental Protection Authority (EPA) and the Georges Ricantant
community have concerns over the water quality and ecologicakgabfithe upper Georges

River. The GRAHMP was developed in 2020vestigate the ecological health and condition of

the Georges River

The GRAHMP follows a multiple lines of evidence approach to agsesster quality and
ecological conditiomf the upper Georges Rivévlultiple lines of evidence approaches are
regarded as robust scientific monitoring programs used byrenmental regulators to identify
the key environmental disturbance drivers and ecological respoinsas ecosystem. Several lines
of evidence were used in this study to describe the healtthefGeorges River catchment
downstream of Soutiii /oo A EE D $ o oIME)Rljschargé imt$ Brennans Creek at
license point 10 (LDP10). Lines of evidence included thoses¢éssor likelihood of impact
(ecotoxicology and water chemistry on the discharge waters) host to assess for observed
ecological impact, i.e., changes in community structure andibéoslity (using
macrobenthic/macroinvertebrate and gene loci DNA metabarcoding). Thessedf evidence have
been used yearly in previous programs (Environment Improvemesgrams), since 2013, to
assess for environmental impact of So@@IIMCs discharge from LDP10 and to identify any
changes/improvements to water quality and ecology of the ecosysteen time, as SoutB2/IMC

take steps to improve the quality of the discharge into BaamCreek.

The current GRAHMP study was initially developed to inwastigater quality and ecological
changes to the Georges River pre and post installation aigterm water treatment plant (WTP)
at licene discharge point 40 (LDP40). Howeuhe long term Appin North WTP (ANWTP) is still
under constructionand instead, a temporary WTP, which does not capture BrenGagsk Dam
discharge was installed in May 2021. Therefore, this rgp@sents an assessment of ecosystem
health pre-installation of the long term WTP implementatibnt also includes assessmsiof
toxicity and chemistry of the discharge from the temporary VE$R means to forecast water
guality improvements once the long term WTP is complé&tes input from the temporary WTP
constitutes <3% of the total discharge at Brennans Creeketbie, the effects of discharge from

LDP40 would be minimal to the overall results reported here. @meéong term ANWTP is
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commissioned, the discharge from the plant will be more sicpnifi than the current temporary

WTP, with a reduced discharge expected from LDP10.

Flow and water level data was included in this program whictewsed to interpret some of the
changes to water quality at each site during the sampling aoead-or example, linking rainfall

and flow to occasions when improvements to water quality wasserved (reduction in metals)

when high rainfall caused increaseadvl through the system. Water flow and pool levels

fluctuated over the program period.

Water discharged from LDP40 is of higher quality than LDPd.@odine reverse osmosifRQ
treatment processes with lower conductivity and reduced metalcemtrations However, LDP40
discharge samples were low in alkalipishich could pose an ecological risk, and was the likely
cause of toxicity in these samples. The importance of icaliarizes for freshwater systems are

discussed in the report.

In this study it is evident that the reference sites GRQ1@RWFS have geographjctuctural
habitat, riparian vegetation, light conditions, and physical featuthat differ to those at the
discharge monitoring site3he very upper reaches of the Georges River (upstream of the
Brennans Creek confluence) contain only a small number of pernh@oers, limiting the number
of suitable sites available as reference sitesbsequently, GRUFS, GRQ1 and Point 11 are the only
options for reference sites. We acknowledge that this lintits éxperimental design and that
these geographical, and physical substrate differences alsoilbotd to biological variation
however,these are the best pool sites available upstream of the disch&get 11 may be
confounded by licenced mine discharge from Appin East (P9)nias it is located between the
Appin East discharge point and the confluence of BrennasskQvith the Georges River). This
report can only describe the biological interactions witle tvater quality variables measured at

the time of sampling

In general, based on the parameters measured, water quality wasepabthe discharge
monitoring sites than at reference sgeWater quality parameters measured at reference site
were mostly within the ANZG (2018) guideline val@®)(ranges, with some exceptions for one or
two sites at each sampling occasion. The pH (7.6-8.9awrs/from Point 10 and all downstream
sites were higher than those at reference sites (4.9-7.2). Cainvity, pH, alkalinity, aluminium,
copper, and to a lesser extent, nickel, as well as all measafrnitrogen decreased with increasing
distance from the discharge source at LDP10 and LDP40.
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Aluminium continues to be a metal detected in sites across the suAlayninium was high and
above GV for all discharge monitoring sites in 2020 andalsmsdetected in the reference sites in
Autumn 2021 Zinc concentrations were erratic across the program anddtdollow any trend
with respect to distance from discharge. Indeed, on one ooca@utumn 2021), zinc was not
detected at PoinfLO but was 5-fold higher than the GV at the next closest §itent 12. It is
recommended that field blanks be introduced into the programui@ out sample contamination

during handling.

Conductivity and the concentrations of aluminium, nickel &otdl nitrogen have generally
declined over time since the first aquatic health monitorprggram in 2013Zinc concentrations
at the reference sites have been above the GV over time. Thetéongtrend assessment also
found that zinc concentrations have been erratic and fluaddadver time, but that most other
detected metals remained high at most discharge monitoringssitel were appreciably lower at
the downstream site GRQ18. While pH also generally followesteedsing trend with increasing
distance downstream from LDP10, there was no observed chand¢ aver timei.e., pH was
high, and more alkaline in 2020 and 2021 (pH 7.6-8.9)eatpper discharge monitoring sites and
low and more acidic (pH 4.9-¢.& the reference sites GRQ1 and GRUFS

All macrobenthic surveys found marked differences in commutiiticgire between reference

and discharge monitoring sites, with water chemistry explajra vast majority of the total

variation in the ecological data. In particular, pH was shtae a key correlate of macrobenthic
prokaryote, eukaryote and diatom micro-eukaryote communitidss Buggests that the discharge

waters may be 0§ E]JvP S§Z § Zu v8[e <p 8] 1}8] Juwpv]yP-U}E]SZ §:
pronounced at the upstream discharge monitoring sites (Rdifif 12 and Jutts). The use of

SIGNAL, a program designed to focus the analysis on theiginsit macrobenthic taxa to

varying ecological conditions, was also examined. SIGNAL sgerafi were low, however there

were differences in SIGNAL scores between the reference and discimamitoring sites

indicating a lower level of ecological integritiythe discharge monitoring sites.

The metabarcoding survey captured a broad component of theystess biodiversity and
showed similar ecological trends to the macrobenthic patternslkabader scale of Operational
Taxonomic Units (OTUSs) for prokaryotes, eukaryotes and diafbinesmetabarcoding for the
sampling occasions Spring 2019, Spring 2020 and SpridgaRGhowed that at the OTU level,

community composition differed between reference sites and disg@anonitoring sites for
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prokaryotes, eukaryotes and diatomEhese observations were supported by statistical analyses
which presented evidence of the differences between reference aschdrge treatment

community structure and showed a correlation with water quatihanges. The main driving

water quality factors which contributed most to the variationall the metabarcoded

communities were pH, conductivignd on occasion, total nitrogen and metals such as aluminium,
copper, nickel and zinc. The metabarcoding analysis assstéertifying potential key biological
indicators which were representative of the treatments i.e., moraradant in either reference or
discharge monitoring sites. Indicator taxa that were respoggositively and negatively were

identified.

Initial analyses of water from the temporary WTP indicated an imgmr@nt in water quality,
particularly reduced metal concentrations. However, pH and oohdity of LDP40 waters, on
occasion were outside of the GV rangearthermore, the ecotox results using LDP40, on occasion,
indicated toxicity forC. dubiamost likely due to ionic imbalances and low conductiBgsed on
these water quality analyses from the temporary WTP (LDP4Qiggests that improvement to
water qualityis expected when the long terANWTP is implemented in 2022, and if the water
from the WTP is comparable to the receiving water, improvememecblogical health may likely

be recordedat downstream discharge monitoring sites.

xviii| CSIRO p*SE& o] [ E §]}v o "] v P v C



1 Introduction

1.1 Program requirements

The aim of the Georges River Aquatic Health Monitoring Progré&Ald®P) is to investigate
changes in water quality in the upper Georges River via an ecal@nd chemical evidence-based
approach, specifically investigating changes with implementaticamreverse osmosis (RO) Water

Treatment Plant (WTP)

In April 2019, the EPA issued lllawarra Metallurgical Co&l)(ivh a Notification of Intention
(Nol) to make licence changes to provide greater certainty iratieevement of water quality
outcomes, address the ongoing delays in environmental improvenamdgo provide data for
greater public involvement in the regulatory decision-makingecpss. IMC reviewed measures
that could be undertaken to meet the proposed water quality @amtration limits in the Nol and

made a commitment to the EPA to progress the proposed improvements.

The EPA issued a Notice of Variation to Environmental Protecicence (EPL) 2504 in March
2020. The EPA revoked the Georges River Environment Improvemerdaird)P2) and attached
Special Condition E1.1 to the EPL requiring the installatidnoperation of a Water Treatment
Plant (WTP) at Appin North by 31 March 2021 to meet revisedmegatality concentration limits
(detailed in Condition E1.1). A further Notice of Variati@as issued on 20 March 2021 extending
the date for the operation of the Appin North WTP (ANWTP) tdl8%ember 21, now July

2022 The EPA specified concentration limits that the WTP must bigriesto meet and the
required the development of an aquatic health monitoring progranveaify improvements to the
aquatic health of the Georges River. The Notice of Variatsuredin March 2021 also included
the new Point 40 (LDP40), that will be used to monitor compganmith the water quality

concentration limits associated with the discharge from tesriong termANWTR

1.2 EPL Requirements

The Georges River Aquatic Health Monitoring Program (GRAdMPequirement of EPL 2504,

Special Condition E3 which states: E3.1 The licensee mustrprap aquatic health monitoring
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program to verify improvements to the aquatic health of the &3 River following

commissioning of the reverse osmosis water treatment plant requigedondition E1.1.

The monitoring must include:

{ <p v3]8 8]A e« u%o0]vP }(u E}VA ES E § -V

{ }o}P] 0 =e¢ eou vS % E} ¢+ pe]J]vP E ASE P EEJWwY Ju vsS ~
{ }stream water quality assessment

{ o } & ep@xifology and chemistry water testing; and
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The Appin North Water Treatment Plant (ANWTP) was due to be comnadsioiNovember 2021
but due to COVIDYimpacts and delays the ANWTP is now due to be installed in 22y
temporary WTP was commissioned in May 2021 which discharge®Ri&0 into the Brennans
creek adjacent to LDP10. It is expected that the long term ANWT®eaillanaverage of 1.5 ML
of water per day as opposed to the current temporary WTP pbaimg less than 1 ML/day. The
pool that both LDP40 and LDP10 discharge into is referred Roes 10 when referring to the

macro-invertebrate and eDNA monitoring within this report.

1.3 Objectives of this report

The main aim of the Program is to summarize the changes in fioticrobenthic, DNA
metabarcoding) and abiotic measurements (chemistry, physicocheamchflow) over time. The
Program aims to examine the water quality in the Georges Rieeinptallation (2020, 2021
Autumn 2022 and post-installation (Spring 2022, 2023) of the long tAMWTPThis 2022 initial
report includes data for nine sites within the Georges Ria¢échment prior to installation of the
long term ANWTP, and also examines the quality of water &temporary reverse osmosis WTP
at Point 40 (LDP40Which mixes with water from LDP10 in the pool immediately bdl®#10, at
Point 10. The 2022 report examines the abiotic and biotia détained for the Georges River
Aquatic Health Monitoring Program (GRAHMP) in two parts. Yirsprovides focussed detail on
the water level (Section 3.1), water chemistry (Section 3.2)gdoblogy (Section 3)4nd
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macrobenthic surveys (Section Bfom Autumn and Spring 2020 and 2021, and the Spring 2021
eDNA and Spring 2020-2021 DNA metabarcoding surveys (Seé&)jdpecondly it provides an
overview of the long term trends (201332]) in these parameters, chemistry long term patterns
(Section 3.3)long term ecotoxicology (Section 3.5) and macrobenthic leng patterns (Section
3.7) In addition, the report aims to summarise the long term inforraatwithin a weight of
evidence framework, drawing upon the collective results ofwlaer chemistry, physical

properties, water flow, community ecology and ecotoxicolagjdata.

The metabarcoding (DNA-profiling broad eukaryqgi®karyote communities and diatom micro-
eukaryotes) survey was included in the weight of evidence pragas a component of the
biological community structure line of evidence. The metabargdiata provides a
comprehensive representation of the biological community and besampliments the other

traditional macrobenthic microscopy biological lines of evideapproaches in the GRAHMP.

To aid comparisons, in accordance with the experimental desgyriqursly used for EIP2 (Chariton
and Stephenson 2018 and 2020), the macrobenthic and metabarcddiagwere examined as

two statistical treatmentsreference and discharge monitoring:
® Reference sited 7 ¢]S ¢ % E]}E S} SZ wwd [* Jv(op v V
(i) Discharge monitoring sites6 sites which capture the gradient from the mine.
The entire 4-year program aims to test the hypothesis:

There will be an improvement to water quality and ecotoxiniyools downstream of the discharge
into Brennans Creek, following the commencement of operationredAMWTP. There will be a gradual
increase in the abundance of contaminant-sensitive taxa withirspgiownstream of the discharge into
Brennans Creek.

The aim of the GRAHMP is to verify changes in water quality by

a) comparing water chemistry in the Georges River before and after coroemeent of the
ANWTP;

b) assessing the ecotoxicity of discharge waters from LDP10 d@iQLD

c) comparing the in-stream and sediment biota of pools downstreathefdischarge with

reference sites (located upstream of the Brennans Creek confijenc
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d) calculating changes over time in the composition of in-streauh sediment biota,

particularly downstream of the discharge; and

e) assessing the downstream gradient changes in composititreah-stream and sediment

biota.

131 2020-2021 surveys
These were examined by:

1. Summarising the water chemistry, water flow and water level measuresneloitained in
Autumn and Spring for both 2020 and 2021;

2. Interpreting the 2020 and 2021 ecotoxicological tests datdgoered on waters obtained

from the discharge pipes (end of pipe sampliag).DP10 and LDP40.

3. Exploring trends in macrobenthic invertebrate abundance arfthass from samples

obtained inAutumn and Spring
4. Analysis of SIGNAL scores;

5. Exploring compositional patterns (community structure)re$tream macrobenthic

invertebrate communities sampled in Autumn and Spring;

6. Exploring correlative relationships between water chemistry avatrobenthic

communities;

7. Exploring compositional patterns in the metabarcoding datgpfmkaryotes and

eukaryotes communities;

8. Exploring correlative relationships between the water chemistrwironmental

parameters and metabarcoding data; and

9. Exploring eDNA detection of platypus and Macquarie perch.
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1.3.2 Long-term trends (2012021)

These were assessed by:
1. Examining long-term patterns in key water quality parameters;

2. Summarising the overall trends in macrobenthic invertebrate abuoeamd family

richness;

3. Analysing and interpreting long-term patterns in SIGNAL scohes approach is used to
score macrobenthic samples from Australian rivers based on the kkisewsitivities of
specific macrobenthic taxa. SIGNAL predicts that macrobenthic comesuwitth high
scores tend to be from sites with low levels of contamimaife.g., increased nutrients and

changes in conductivity) and high dissolved oxygen;

4. Analysing the abundance and occurrences of three LeptoptéebigeneraAtelophlebia

UlmerophlebieandKoornonga (20162021); and

5. Interpreting the ecotoxicological tests data performed on watdtained from the
discharge pipes at Point 10 (LDP10) (2013-2021).
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2 Methods

2.1 Site locations

The study area is located within the upper Georges River Catchieatstudy area commees

at site GRQ1 and flows down to GRQ18 (Figure 1) a distaadiemfrof approximately 9.3knThe
catchment of the Georges River drains a landmass of nearly 10@@eskjlometres, including
parts of 14 local government areas (LGAs) (NSW DPE 2022). Thsdandhe upper reaches
includes a mixture of protected areas including the DharawaloNatiParkindustrial land use and
rural agricultural land use. The South32 Illawarra MetalaaigCoal (IMC) Appin East caifiand
West Cliff Coal Preparation Plant/Appin North colliery are kdtatithin the upper catchment of
the Georges RiveWater from the Appin North and West Cliff Coal PreparationtPaes

currently discharge site water into Brennans CreaknPwhich flows into Brennans Creek, before
reaching the Georges River. The water that is discharged frermBns Creek Dam consists of
flows from Brennans Creek (diverted around the coal wash emplaceaneaj, clean runoff from
northern areas of the site, water from IMC site stormwater psndiverted water from the water
treatment plant, rainfall falling on the Brennans Creek Dam surfaater entrained in coal wash
emplaced or water resulting from rainfall infiltration throudtetcoal wash emplacement area.
The Georges River catchment land use becomes progressively morésexband industrial
moving downstream to Campbelltown and Liverpool LGAs entire Georges River catchment is

}v. }( HeSE 0] [* u}eS HE V] § Zu vSeX

In total the experimental design consisted of nine samplirgsgiivided into two statistical

treatments, reference and discharge monitoring (Table 1 and Figure 1). Theseasé:
Reference sites (3 sited) GRQ1, GRUFS and Point 11; and

Discharge monitoring sites (6 sitesihich capture the gradient from Brennans Creek discharge -

Point 10, Point 12, Jutts Crossing (here on referred to &s),J®ool 16, Pool 32 and GRQ18.

This report will refer to the three reference sites colleelwas the reference treatment and the

six discharge monitoring sites collectively as the digphanonitoring treatment.

In addition, sampling was also carried out at end of @ipeDP40a recent addition to the study

which was not initially factored into the experimental designtemporary WTP was installed in
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May 2021 to treat water from underground operations at Appiorth using reverse osmosis (RO)
and discharged via a pipe that sits beside the current LDRtAalge pipe (Figure 2), such that
both discharges enter and mix in the pool at site PoininiBrennans Creeldischarge from both
LDP40 and LDP10 during the sampling period have fluctuatediowertiowever, a large
proportion of the flow in BrennasCreek, is water from LDP.IDhe discharge volumes from LDP10
being typically30-300-fold higher than that from LDP40 (based on data pexVid this report). In
July 2022, the long term WTP will process both waters #q@mpin North underground operations
together with water from the emplacement underdrainage, which isently being discharged

into Brennans Creekdm.

It should also be noted that the Point 11 reference site maydmdaunded by licenced mine
discharge from Appin East (Point 19) (as it is located betweAppin East discharge point and

the confluence of Brennans Creek with the Georges River).
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Table 1 Location of sampling sitegreatment allocation and sampling type that occurred a&ach location

Site code Stream Location Distance from Easting  Northing Treatment/ Sampling activities
LDP10/ LDP40 Statistical group
(km)
GRQ1 Georges R. U/S of confluence 1.3 297082 6211446 Reference Water chemistry, macrobenthos, metabarcoding
eDNA and water flow/level of the pool ecosystem
GRUFS Georges R. U/S of confluence 1 297082 6211771 Reference Water chemistry, macrobenthos, metabarcoding
eDNA and water flow/level of the pool ecosystem
Point 11 Brennans U/S of Brennans and 0.4 297207 6212940 Reference Water chemistry, macrobenthos, metabarcoding
Ck Georges confluence eDNA and water flow/level of the pool ecosystem
Point 10 Brennans Discharge point 0 297558 6212772 Discharge Ecotoxicity and associated water chemistry from
(LDP10) Ck (LDP10) monitoring water from end of pipe; Water chemistry,

macrobenthos, metabarcoding, eDNA and water
flow/level of the pool ecosystem

Point40 Brennans ANWTP discharge 0 297558 6212772 Additional Ecotoxicity testing and associated water chemistry
(LDP40) Ck point, adjacent to monitoring from water from end of pipgwater flow
LDP10
Point 12 Georges R. D/S of Brennans and 0.5 297157 6213016 Discharge Water chemistry, macrobenthos, metabarcoding
Georges confluence monitoring eDNA and water flow/level of the pool ecosystem
Jutts Georges R. D/S of Jutts Crossings 1 296844 6213232 Discharge Water chemistry, macrobenthos, metabarcoding
monitoring eDNA and water flow/level of the pool ecosystem
Pool 16  Georges R. D/S of Kennedy Ck 2 296890 6213908 Discharge Water chemistry, macrobenthos, metabarcoding
monitoring eDNA and water flow/level of the pool ecosystem
Pool 32  Georges R. D/S of Sawpit Gully 4 297192 6215029 Discharge Water chemistry, macrobenthos, metabarcoding
monitoring eDNA and water flow/level of the pool ecosystem
GRQ18 GeorgesR. hlI™ }( K[, & « 8 296748 6217637 Discharge Water chemistry, macrobenthos, metabarcoding
confluence monitoring eDNA and water flow/level of the pool ecosystem

U/S - upstream; D/S - downstream
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Figure 1. Location of sampling sites.

Reference sites = GRQ1, GRUFS (Georges River) and Poirgtdea(pf Brennans Ck and Georges River confluence);
Discharge monitoring sites = Jutts-pool 10, Point 10,tA&@nPool 16, Pool 32 and GRQ18
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Figure 2. LDP10 and LDP40 discharge pipes flowingHotot 10 site at Brennans Creek.

LDP10 and LDP40 samples for ecotox analysis and associateahemistry were collected at end of pipes. Water chenyisamples for

macrobenthic analysis were sampled from the pool.

10| CSIROp3E o] [* E&]}vo ~]1v P Vv C



Figure 3. Georges River reference sites.

a) GRQ1 the most upstream site of the survey b) GRUFS Uppetdtam of the Georges River, upstream of Appin North anaBaes Creek confluence. c) Point 11 reference site upstreahed8rennans Creek and
Georges River confluence but downstream of GRQ1 and GRW$i8s taken during Spring 2021 sampling.
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Figure 4. Georges River discharge monitoring sites.

a) Pointl0: Pool at the discharge point LDP10 b) Paihtdownstream of Brennans Creek and Georges River corugnJutts: downstream of
Jutts Crossing d) Pool 16: downstream of Kennedy CreedoeB®. downstream of Sawpit Gully f) GRQ18: furthest déreas site, upstream of
K[, & ¢« }v(op v

Photos taken during Spring 2021 sampling except for Pdakdh in Spring 2020.
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2.2 Pool water levels and flow monitoring

At the completion of the 2018/2019 study on the GeorgeeR({€hariton and Stephenson 2020),
it was recommendd that flow and level monitoring be included in future pragrs at some sites
to help interpret ecological, chemical and ecotoxicologicalifigsl at each site. Therefore, in the
current study, the following measurements were included: manmg of pool levels at each site;
discharge rates at LDP10 and flow rates at the reference site, digpestation, GRUFS, which
was frequently dry during sampling in previous years. Taemlow at GRUFS is highly variable

which makes it challenging as a reference site.

Pool water levels were monitored at each site by South 32 stafig installed pressure sensors

and loggers at each of the pool monitoring sites (refer taufeid.). Water level data were

calibrated to an installed benchmark (in this case a nail), ajlgia single bolt inserted to the rock-

bar or bedrock step (Figure 5). Loggers wé&rgue v WS %] % * }0S ShaBa& %o}}o[-
step (Figure 5). Loggingaaset to 1-hour intervals to adequately capture fluctuating rdevels

across the duration of the monitoring program.

Figure 5Water level field sampling equipment.

Example of equipment at Point 10 showing nail with flag tape and logger casing clamped against sandstone podish
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Surface flows were monitored by South 32 staff using dpat §auging at GRUFS (Figure 1). A
Pygmy flow meter wsused to calculate the discharge during inspections at tte eit a biannual
basis. This flow discharge was obtained by measuring theitsetaf the water at different points

across a known cross-sectional area at GRUFS.

Discharge flows from the two discharge points at Pointfrtdn LDP10 and LDP40 were recorded
over the sampling period. Total discharge including spyivadues were measured for Brennans
Creek Dam LDP10. Daily rainfall (mm) data was also downloaded frodeYdach, NSW weather
station for 2021 (Bureau of Meteorology 2021), to helrptet the pool level data.

2.3 Water chemistry methods

Samples were collected from the pools of water at each locationediately prior to
macrobenthos sampling for a range of water quality parameters tleEewneasured either in-situ
or preserved and sent to Australian Laboratory Services (ALS)dlgsas or both (Table)2

It should be noted that the sample locations are slightffedent here than those collected for
ecotoxicity testing and analysed for the same analytes list€@able 2)which were collected at
end of pipe for the LDP10 and LDP40 pipes. Therefore, once tResWiTed discharging at LDP40
in May 2021, water collected for water chemistry alongside the oia@nthic sampling (described
in this section) contained contributions from both LDP10 BB#P40. To differentiate the sample
locations (end of pipe or pool sampled), herein, Point 10 retietbe pool following LDP10 and
LDP40, whereas LDP10 refers to the discharge at end of pipe. AQ,M2#dr was only ever
collected from end of pipe and is referred to throughout tteport as LDP40. Sampling and
analysis of these waters was co-ordinated by South 32 ataffresults were provided to CSIRO for
interpretation. Samples for metal analyses were filtered to 0.45muithe field by South 32 staff.
In-situ measurements of temperature, conductivity, pH, dissoleeglyen, and turbidity (Table 2)
were also obtained by South 32 staff using a Horiba U51 waiaitg device. For all analyses
examining the relationships between the benthic biota and wakemaistry, and for trend analysis
of water chemistry, measurements provided by ALS were used ierngrefe to the in-situ
measurements, with the exceptions being dissolved oxygen, temperatonductivity and pH, for
which the in-situ measurements were used when available. In Aut@®20, in-situ data was not
available, therefore measured values reported by ALS were used in§&eamh the large number
of water quality variables historically measured, analysismafiterm patterns in water quality

(2013-2021) were restricted to a selection of key variables lwéie included in the current
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GRAHMP and have historically been shown to be elevated inghbatge waters. These were:

conductivity, pH, aluminium, cobalt, copper, nickelczumd total nitrogen.

Table 2. Water chemistry parameters analysed as parEfL 2540

Contaminant/analyte Unit of Measure Analysis

pH pH units X X
Dissolved Oxygen mg/L X

Temperature °C X

Electrical Conductivity puS/cm X

Bicarbonate Alkalinity mg/L X
(as CaC¢)

Dissolved Aluminium pg/L X
Dissolved Cobalt pg/L X
Dissolved Copper pg/L X
Dissolved Nickel pg/L X
Dissolved Zinc pg/L X
Total Nitrogen (as N) mg/L X
Nitrite + Nitrate (as N) mg/L X
Total Kjeldahl mg/L X

Nitrogen (as N)

Water samples were filtered in the field with 0.45um filtBissolved is <0.45um

2.4 Ecotoxicological testing

Samples were collected for both ecotoxicity testing and watenaktry on four quarterly

occasions in 2021.

24.1 Ecotoxicity tests in 2021

Ecotoxicity tests were carried out by Ecotox Services Alis{ESA), Sydney on four quarterly
samples (February, May, August and November) collected from end ocapigeP10, discharge
water from Brennans Creek Dam that flows into Brennans Cregknam the Georges River.
Following installation of a temporary RO WTP at Appin Notthrtgrly testing was also carried
out on three samples (May, August and Novemlgetlected from LDP4@t the pipe from the

temporary WTP. Two ecotoxicity tests were carried out walsh sample to compare the
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ecotoxicity of the current licence discharge point waters (LDRilthe assessment criteria in EPL
2504 (Table 3). LDP40 was included in the study follovaimgrgssioning of the temporary WTP
and will ultimately become the licence discharge point follavoemmissioning of the long term
WTP at Appin North.

Toxicity tests included the chronic #eproductive impairment test using the cladoceran
Ceriodaphniaf dubiaand the acute 4-d larval imbalance test witlelenotaenia splendida
(Rainbowfish). In addition, the chronic 7-d survivahgs$i. dubiawas also measured as an
additional test endpoint calculated from the 7-d reproduetiest data. The&. dubiatoxicity tests
followed the methods of ESA Standard Operating Procedure (SOP)SO2(H6a), based on
USEPA (2020b) and Bailey et al., (2000). The fish ecotoxst#ydkowed the methods described
in ESA SOP 117 (ESA, 2016b) and was based on USEPA (2002bptaiibraifor use with the

native rainbowfish. A brief summary is provided below.

Samples were diluted to 6.3, 13, 25, 50 and 100% withedilmineral water (DMW, pH 8.1-8.2,
conductivity of 172-178%5/cm) where 100% sample is undiluted. The samples were restfilor
adjusted in any way prior to ecotoxicity testing. For edubiaests, ten replicates per
concentration of sample were prepared and one neonate (<24h old@ctlmeach replicate. For
the fish tests, four replicates per concentration of sampleevyerepared and five larval fish added
to each replicate. Controls consisting of DMW were alepared. The pH, conductivity and
dissolved oxygen were measured in each dilution and cottirolighout each test. The test
vessels were incubated at . The number of surviving (unaffected) inoculazdiubiaand the
number of offspring (newly hatched neonates) per survidhglubiawere counted daily for 7 days
(allowing enough time for three broods). The number of ueetééd larval fish were counted daily
for 96 h. Affected fish were removed and euthanised. The fishviastcarried out in compliance

with the animal ethics licence (Animal Research Authority CSB 0Z&9(3}).

TheC. dubiaests were renewed daily, however fish larval imbalance testisolsi were not
renewed, following advice from the ecotoxicity testing laborgt(ESA) that this species is
particularly sensitive to handling, and that mortality imtwls would occur if renewals were

done. This was in line with the EPA requirements that stastdtésts could be done with or

1 ssued by the Animal Care and Ethics Committee of Te¢retaey, Department of Regional NSW, NSW Department of Brimdustries, valid
from 11 May 2021 to 11 May 2022.
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without renewals (Table)3If renewals in this test are desired for future samplingavoid
potential degassing occurring during tests, preliminary eixpents would be required to
determine the acceptable renewal test conditions for this specreadtition, routine reporting of
physico-chemical properties throughout the test periodesttreports will be helpful to determine
if extensive degassing has occurred. This was requested RP@8tEt-hoc and was provided by

the testing lab for one sampling only (November 2021).

The concentration to cause 10% effect (decrease) (EC10) dabia/-d reproduction and
survival, andV. splendidad6-h larval imbalance were calculated by linear interpolation grltmgit
interpolation, while the 50% effect concentrations (EC50s) waleutated using linear
interpolation, log-logit interpolation or trimmed Spearman Bar methods. Hypothesis tests were
also used to determine the highest concentration (lowest dinltiof sample water tested to have
no significant (ED.05) effect (NOEC) on the test species and endpoints. Whilgtegis testing

to derive NOEC values is no longer recommended (Fox, 2008; WatramiDam, 2008), it was

included here for comparison to EC10 values that couldratalculated or were unreliable.

Table 3 Ecotoxicity tests and assessment criteria from EPQL5

. Sampling . Assessment
Species R Sampling Method Criteria
Chronic toxicity
Quarterly US EPA Short-term Methods for EC105

Ceriodaphnia Estimating the Chronic Toxicity of

(minimum of 80- reproduction =z

dubia day intervals) Effluents and Receiving Waters to 100% sample
Freshwater Organisms, 4th Edition
(2002), EPA-821-R-02-013.
96-hour larval imbalance test with or
without water renewal (if with renewal —
daily or once at 48 hours).
Meienorac'ema Quarterly us EP/—?\ (2002). Methods. f.or EC10
duboulayi or - Measuring the Acute Toxicity of .
| (minimum of 80- . reproduction =
Melenotaenia day intervals) Effluents and Receiving Waters to 100% sample
splendida y Freshwater and Marine Organisms. 5 ¢ P

ed.

EPA-821-R-02-012. Washington DC,
USA.
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2.4.2 Ecotoxicity tests: long term assessment (202621)

All ecotoxicity tests were performed by ESA. Between 2013 apil 20ange of ecotoxicity tests
using fish, shrimp, duckweed, cladocerans and microalgadefialwere performedn discharge
waters collected from LDP10. However, for the current GRAHMP (BR), @8otoxicological
testing was reduced ttwo freshwater ecotoxicity tests: a 7-d chronic survival andadpction
test using the cladocera@. dubiaand an acute 96-h larval imbalance test with rainbowfith

splendida.

Long term ecotoxicity comparisons were made with LDP10 sampleberdyse LDP40 was only
tested in 2021. The EC10 values, the assessment criteria of ERW256 compared. Toxicity was
also expressed as toxic units (TUs) for each ecotoxicity @8tyEC10) to enable direct
comparisons between the ecotoxicity data and for presentatiorfggures. A TU of 1 indicates
that the sample is not toxic (ECHL00%) and a TU >1 indicates that the sample is toxic (EC10
<100%).

Table 4 Ecotoxicity tests performed on LDP10 waters betweerl3€2017

Test organism Test

Melanotaenia duboulayffish) 96-h acute fish imbalance test
Paratya australiensighrimp) 10-day acute survival test

Lemna dispermé&uckweed) 7-day acute growth inhibition
Ceriodaphniaf dubia(cladoceran) Partial life-cycle 7-day survival
Ceriodaphniaf dubia(cladoceran Partial life-cycle 7-day reproduction
Ceriodaphniaf dubia(cladoceran) 48-h acute survival test

Selenastrum capricornutufmicroalga)  72-h chronic algal growth inhibition

2.5 Macrobenthos sampling

On all occasions (Spring 2013 - Sprirnglpat each site, macroinvertebrates were sampled from
three to five random pool edges, then combined giving one darmpeach site (Downs et al.,
2002). The number of replicates for each site was increasenl tinree to five in 2018. Pool-edge
samples were collected from depths of 0.2-0.5 m within 2 thefoank. A suction sampler

described by Brooks (1994) was placed over the substrate an@t@pkfior one minute at each
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sampling location. The sample was washed thoroughly overa.500 u «Z «] A X 00 u § E]
retainedonthe 500-..u U *Z *] A A o % E « EA v 6i9 SZ]vPX(}E o }E

Macrobenthic sorting and identification was performed by NiEm¥ironment and Sou82 and
provided to CSIRO in a tabulated format. The data were presentée s&axonomic level of
Family. In addition, abundances of three potential indicésma fromLeptophlebiidae
(Atelophlebia UImerophlebisand Koornonga were analysed from the data obtained between
2016 and 2021

For the current GRAHMP report 1, sampling for the macrobentmeygs was performed in
Autumn 2@0 (24" March 2020, Spring 202014" October 2020), Autumn 204 (11" May 202)

and Spring 221 (19" - 215t October 2021). Water chemistry samples were collected at the same
time as the macrobenthic samples. The Spring 2020 sample Poinplidate sample 2 was

removed from the analysis due to no macroinvertebrates being oleskirvthe sample.

2.6 Collection and analysis of DNA samples for metabarcoding

2.6.1 DNA sample collection and processing

The collection of samples for the DNA-based survey (metabarcadaggperformed concurrent to
the Spring 2020 and Spring 2021 macrobenthic survey. At @aclive sediment samples were
collected from the soft sediment located approximately 1 m from theeeolgthe water bodies
where the water column was approximately 30 to 40 cm deep. Aséhggh aquatic vegetation
biomass or areas with shading over the underlying aquatitegy were excluded from sampling.
All materials used for the collection and storage of DNA sampdes swaked for at least 24 h in
1% sodium hypochlorite and rinsed thoroughly five timethWilli-Q water (Millipore, Academic
Water Systems, Australia). Surficial sediment samples (top 2 cm) wiieedb using a clean
shallow polycarbonate corer (diameter 10 cm). All samples were &emasfinto DNA-free sterile
50 mL Greiner tubes and placed on ice immediately, then frozerDaC-&ithin 8 h of collection.
Samples were thawed just prior to DNA extractibising 10 g of homogenised sediment, DNA was
extracted and purified from each using Qiagen DNeasy PowerMaix®o&dion kits (QIAGEN®
Germany) folldAJvP §Z u vpu( SpE E[* % E}S} }oX

Three primer sets from two conserved ge@® P]}ve A E § EP § 3} % SuE 3§Z
biodiversity 18SV7rDNA gene (Hardy et al., 2010) was amplified for broad eukesyot

monitoring; and the 18S V4 (Zimmerman et al., 2011) region wadfeeddbr diatom
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(Bacillariophyceae) specific eukaryatBsatoms were included in the design because many of the
potential indicator OTUs from previous reports associatedth differences between reference and

discharge monitoring sites were diatoms (Chariton and Stephereil8 and 2020)

For bacteria communities, the V4 region of the 16 SrDNA genedkapyotes was amplified
(Caporaso et al2012). For all 2020 samples and 2021 samples, three identilgaherase chain
reaction (PCR) plates were amplified for each primer set (1883%//4, 16S4Yand the
amplicons for the three PCRs were pooled into one library gogiet primer setFor 183/7PCRs
in addition to the sediment DNA samples, reference samples contaieqgesces of the
saltwater crocodile@rocodylus porosuapdatropical marine cnidarianqarukia barneywere
also processed in three sample replicates as positive confols16S V4 a synthetic chimeric
bacterial control (containing fungal mycorzhl speciesCairneyella variabiljswas processed
alongside DNA and for 18S V4 diatdmie marine micro-eukaryote specigd3unaliellasp. and
Ulkenia spwere processedsPCR positive controls. Negative water controls were irdud all
PCR experiments to test for biological contamination during aiogifion. Amplification and
purification success were interrogated on a MultiNA gel, NMiAP (Shimadzhu, Oceas). The
three pooled final amplicon library concentrations were measuweadhe Nanodrop®
spectrophotometer (Thermo Fisher Scientific, Waltham, MA USA). Targeligearies of DNA
samples from 2020 and 2021 welweh prepared with the lllumina Tru-Seq PCR-free library
preparation kit and libraries were sequenced over one MiSeq ri&x&50bp. The lllumina MiSeq
sequencing was performed by the Ramaciotti Centre for Genomics, UN&/&pring 2020
samples were sequenced in February 2021 and the Spring 2021 samgpéesequenced in
January 2022.

2.6.2 Bioinformatics 18S and 16S rDNA

Sequenced data were processed using a custom pipeline (Greddfibtdd Amplicon Pipeline
(GHAP) which is based around USEARCH tools V11 (Edgar, 20p®)ellire is available at
https://data.csiro.au/dap/landingpage?pid=csiro:265Z3HAP first demultiplexes the sequence
reads to produce a pair of files for each sample. These padaatsrwere then merged, trimmed,
de-replicated, and clustered at 97% similarity to generate a setffesentative OTU (Operational
Taxonomic Units) sequences which were classified after clustati®g% similarity in sequences.
USearch V11 tools (fastg_mergepairs, derep_fulllength and clustes) (Edgar, 2013) were used

for the merging, de-replicating and clustering steps.
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For 18S, the 2020 and 2021 sequencing data was procesdetheiprevious EIPQTU

sequencing data from 2019 to ensure consistent OTU assignmethtsraporal comparisong-or
18S each OTU sequence was classified in two different waysbfirasing the RDP Classifier
(v2.10.2) to determine a taxonomic classification for each seqe, down at best to the level of
genus; and second, by using ublast to match a representative segueom each OTU against a
curated set of 18S reference sequences derived from the SILVA v12&8f&8bice set for the
broad eukaryotes V7 dataset (Cole et al., 2014; Quast et aB) 20his 18S reference set was built
by taking all the eukaryote sequences from the SILVA v128 SSU datasetmoving those
sequences found to contain bacterial or chloroplast regi&®i2 taxonomic reference set (Guillou
et al,, 2013) was used to assign taxonomy to the V4 diatoms 18Sedafdse pipeline then used
usearchglobal to map the merged reads from each sample back oatdTJ sequences to obtain
accurate read counts for each OTU/sample pairing. The clasdified and the counts for each
sample were finally used to generate OTU tables in both text and B¥DMile formats, complete
with taxonomic classifications, species assignments and sdaneach sample. All OTUs with a
maximum read abundance of 50 reads, or that were only observegsathan four biological

replicates were removed.

Diatom OTUs were assigned taxonomy using the PR2 database anddt lsbawted diatom
taxonomy is classified predominantly based on the shapes andhotogical features of the cells
(Guillou et al, 2013) For example, taxa are split based on the presence of a rdpbeaphe is a

cell structure that allows diatom cells to move over surfaces.

For 16S, the latest 2020 and 2021 sequencing data was procestbetthe previous EIPQTU
sequencing data from 2019 to ensure consistent OTU assignniemtd6S representative
sequences from each OTU were classified both by finding ¢fesest match in a set of reference
16S sequences, and by using the RDP Naive Bayesian Classifigrelline used both the RDP
16S Training Set and the RefSeq 16S reference sequence collectl@garposes of species-
level classification. The pipeline then mapped the merged readsdo#okthe classified OTU
sequences to obtain accurate read counts for each OTU/sample gainithgenerate OTU tables
in both text and .biom (v1) formats, complete with taxononiassifications and species
assignments. The OTU tables were then summarised over all taxonomic tewvelsning the
counts for identified taxa across all OTUs. The pipelineyinkssifies all the merged reads using

the RDP Classifier, regardless of whether they were assigned@d dnThis last step is done to
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provide confidence in the clustering and OTU formation stgpproviding an independent view of

the community structure.

After processing, and prior to statistical analyses, the data were filtered to remove potentially
erroneous sequences. For all data sets, the proportion ofacoimation OTU reads in the positive
controls (the max read count that is not the positive cohtlivided by the positive control read
count) was determined. The proportion of read counts focle®TU in each sample (the read
count for each OTU divided by the total read count fatttample) was determined to identify
sequencing leakagd@he proportion of contamination was relatively low in allalaets (between
0.000718SV7and 0.001 18S V4 diatoms) and this value was set as th@fdot-filtering the
dataset. If the proportion of read counts for each OTU pengle was less than the proportion of
contamination then those reads were removed from the dataset. Aftedity control checks were
complete, controls were removed from the dataset. Any OTUs that hmadtah percent of <80 or

appeared in less than two samples were all removed(E} o« § Z o v E Z]A

Data Access Portal (DAP) http://data.csiro.au

2.7 eDNA detecting platypus and Macquarie perch DiNthe Georges River

South32 requested an eDNA analysi©afithorhynchus anatinu@latypus) andacquaria
australasica(Macquarie perch) after earlier research studies (Grgfhal.,2021) in the middle
reaches of the Georges River had found positive detection of & Perch and an equivocal
(one of the six qPCR assays were positive) result for plaiypine middle reaches of the Georges
River. Previous eDNA surveys in the upper Georges River @agmber 2020 and Feb 2021
detected both species in the middle reaches, downstream of Weddaar{@riffiths et al., 2021).
South32 contracted enviroDNA (Melbourne, Austigitaprocess the environmental samples and
run the eDNA analysis in 2021. In September 2021, water samptescollected from the 9 sites
in the Georges River by So@thfollowing sampling protocols developed by EnviroDNA. Alheac
site, three samples were collected by passing 600-1250 ml yaterage 992 ml) through a 1.2
..U *CE]VP (]Jos EX &]o s E-site}to rdduceuDNA@=gradatigrvduring transport of
whole water samples (Yamanaka et 2016). Clean sampling protocols were employed to
minimise contamination between sites including new sampling@gent at each site, not
entering water, and taking care not to transfer soil, wateryegetation between sites. A

preservative (0.5 ml 10xTris-EDTA) was added to the filtersfdféemg to minimise DNA
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degradation. Filters were stored out of sunlight and at ambtentperature before being
transported to the laboratory for processing.

DNA was extracted from the filters using a commercially availaie €xtraction kit (Qiagen
DNeasy Blood and Tissue Kit). Real-time quantitative PolymeraseRd@ition (QPCR) assays
were used to amplify the target DNA, using a species-specifiegergeting a small region of the
mitochondrial DNA of each target species (Macquarie perch angqula) The patypus gPCR

assay was completedith forward primer OAcr_F CAGCAATACCCTAGACAAGG, reverse primer
OAcr_R CGCTTCAATGGCTGCGC, and MGB probe OAcr_MGB CGAACCCCAAGAGIGHGAAA
al., 2018). Primer specificity was checked using a Blast sebtice NCBI nucleotide database,

with no close matches found outside ©f anatinugLugg et al., 2018). The Macquarie perch gqPCR
assay details could not be shared due to this informatiemg the Intellectual Property of
EnviroDNAAvailable gene sequences were compared between related taxa (inclugingns)

and a probe sequence selected to detect the target species. Wherebpmdsirther in-vitro

(tissue samples) testing was undertaken on the target species aseélglrelated co-occurring
species to check for cross-amplification of non-target DNAay&ssere performed in triplicate on
each sample. Positive and negative controls were included fasa#lys as well as an Internal
Positive Control (IPC) to detect inhibition (Goldberg eR8l16). At least three positive PCRs (out
of nine assays undertaken for each site) were required to clagsfsite as positive for the
presence of the target species. To minimise false positives,vgées considered unreliable if only

1 or 2 assays returned a positive result, indicating v@mylévels of target DNA. While trace
amounts of DNA may indicate the target species is present imbawdance, it may also arise

from sample contamination through the sampling or laboratomgsning process (minimised
through strict protocols and negative controls), faatitd movement of DNA between

waterbodies (i.e., water birds, recreational anglers, water trarssfpredator scats), or dispersal
from further upstream. If greater confidence is requiredttfier sampling is recommended at
multiple sites to confirm the presence or absence of the tagpetcies. Repeat sampling is also

recommended to help determine the tenure of the species at a site (esident or transient).
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2.8 Statistical analysis

2.8.1 Macrobenthos data (2020 and 2021)

Multivariate statistics on community structure were undertgkusing the statistical software
package Primer 7+ (Plymouth Marine Laboratory, BKdr to multivariate analysis, the
macrobenthos data were log10 transformed. Ordinations of the dagee performed by non-
metric multidimensional scaling (hnMDS) using the Bray-Cuntisasity coefficient. Statistical
differences between sites were tested by permutational multivaretelysis of variance
(PERMANOVA), with differences between sites identified by paienpesteriori tests based on
9999 random permutations. The key taxa contributing to ificemt differences between sites

were identified using Primer's SIMPER function, PrimgP%/mouth Marine Laboratory, UK)

The relationships between macrobenthic communities and environnesataables were

examined using distance-based linear models (DISTLM) (Legendre andohnd®99). In order

to match the number of biological and environmental (phystbemical) samples, i.e., one sample
per site, the similarity matrix for the biological data was reglated using the distance between
centroids for each site derived from the replicate samples.é&rh@ronmental variables obtained
from the monitoring program were both numerous and oftenostgly correlated, and
consequently all highly correlated variables (r>0.95) were removededuce over-fitting and to
conform to the assumptions of the analysis (number of bimalgsamples > environmental
variables), DISTLM was performed using only a limited numkemafonmental variables, with

§Z A E] oe«+0 § % E]}E] pe]vP WAE ] VE[-A /(B]E® (uN-3]]JwXSZ
DISTLM were pH, conductivity, alkalinity, dissolved alwmmindissolved copper, dissolved nickel,
dissolved zinc and total nitrogen. It is emphasised that thves@bles provide a summary of the
discharge water, and it is not possible to robustly gqugrttie contribution of each measured
variable in isolation. The dbRDA option was selected to pranderdination of the fitted values

from the model.

2.8.2 Long-term patterns in macrobenthos

hvl]A E] 8§ S3SE] us « }( 8Z u E} vsiZ}e Fu EGE[}ZB]NV Eu YRV
As part of the GRAHMP requirement to enable a balanced compdretareen the reference and
discharge monitoring sites, differences in total abundanog @chness between the three

reference sites and three of the six discharge monitoringsqiRmint 12, Pool 32 and GRQ18) were
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examined using a one-way ANOVA. Because of the change in replibegespiior to 2018 and
five subsequent, all univariate metrics are based on site meansiiRésiwere assessed for
skewness, kurtosis, and normality, with homogeneity of varegnexamined using a modified

Levene equal variance test. All univariate analyses were performed N€IB& v12 (Utah, USA).

2.8.3 SIGNAL

SIGNAL stands for Stream Invertebrate Grade NumbBererage Level, and is simple approach
used to score macrobenthic samples from Australian rivers baseldeoknown sensitivities of
specific macrobenthic taxa (Chessman, 1995). SIGNAL predicts that ex@broltommunities
with high scores tend to be from sites with low levels@htamination (e.g., nutrients and
conductivity) and high dissolved oxygen. In this repscgres were calculated using the SIGNAL
2.0 procedure described by Chessman (2003). As the total aboedari the sample varied
greatly over time and within sites, here we used unweighted BIG#¢ores, i.e., derived from
presence/absence data. SIGNAL scores are then used to putativeljycaes, with a SIGNAL
value >6 suggesting clean water; 5-6, doubtful qualitgsgde mild contamination; 4-5 probable

moderate contamination; and less than 4, probable severe contamimatio

Comparisons in mean SIGNAL scores between the three referencarsitésree of the six
discharge monitoring sites (Point 12, Pool 32 and GRQ1&) examined using a one-way ANOVA.
Based on the recommendations of Chariton and Stephenson (20&3)acroinvertebrate index
EPT % (The sumBphemeroptera, Plecoptera and Trichoptera divided by the number of
Chironomidshas been removed as a metric for the monitoring program. BHiecause the EPT
index was designed for fast-moving rivers, and furthermoregqpbterans have never been

sampled in this particular system.

2.8.4 Metabarcoding statistics (Spring 2019, 2020 and22)

Statistics were undertaken using the statistical software packageer # (Plymouth Marine
Laboratory, UK)nivariate attributes of the metabarcoded data for each primengete

} 8§ ]v pe]vP WE]Ju E 6[+ Zo]iAveSigafe pattersd Jrvéommunity composition
(beta diversity) subsampled OTU abundance tables were standardisedaastbrmed to
presence and absence for broa8SV7rDNA and 18S V4rDNA diatoms OTUs and for NS rD

data was normalised prior to analysis.
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OTUs were assigned to Family for the 1688ADataset, Genus for the diatom 18S V4 rDNA
dataset and Family for the broad 18S rDNA dataset. For the 1886&htDNA data, ordination of
the OTU data was performed by non-metric multidimensional scalidp®) using the Bray-Curtis
similarity coefficient, as was the PERMANOVA analysis. Statitieednces between reference
and discharge monitoring seand individual sites were tested by a PERMANOVA. The
relationships between metabarcoded communities and environmental vi@salvere examined
using distance-based linear models (DISTLM) on centroidsdey as previously described for
macroinvertebrate statistical methods. For metabarcoding, Distivst® undertaken on the
survey years combined datasets as well as on individualyydathsets. The key OTUs contributing
to significant differences between sites and community contpmsiwere identified using Primer's
SIMPER function for all datasets. The alpha cut-off valug¢dbstscally significant results was
p<0.05 throughout the study. For temporal analysis, 2019 @4dtdl was included for eukaryotes
and bacteria data to compare OTU communities over ti@i&J data from 2019 ¥18S rDNA and
16SrDNA was included in analysisrichness and PERMANOVA.
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3 Results and Discussion

3.1 Pool water levels and flow

The average flow rate at GRUFS (Figure 6), confirms earlier finkdaigbere were significant
periods of time when this site had low or no flow sinc&&0n the period from 2020 to 2021,
higher flow rates were observed than in previous years, howeWger spells were observed
during January 2021 and November 2021, with very low water dletected during Autumn 2020,
Spring 2020, Summer 2020/21 and Winter to Spring 202th 8pring sampling events in 2020
and 2021 coincided with very low flow rates at GRUFS.

Average flow ML/day
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Figure 6. Average flow (ML/day) at reference site GRUFS sappling time period July 2018 November 2021

Pool water level data for each site are shown in Figuta @ddition, rainfall data from
Wedderburn station were overlayed onto the pool water level détahould be noted that there
were no suitable positions for water level monitoring at P82l due to substrate type at this
location. Pool 28a was used as a proxy for Pool 32 sinse tive pools were deemed to have
similar characteristics and were geographically close. Howthee was very little data provided
for Pool 28a, with data available for only 5 of the 12 maenth2021. Therefore, this site is of little
value for comparison to Pool 32. Data were also not availalad sites due to a faulty baromete
that provided incorrect readings betwed®" September t®4" October 2021At Jutts an erratic
high pool level was recorded in October, which is unlieetprrect reading, and more likely an

error in measurement or was recorded at a time that the sensorneasved from the pool.
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Despite these limitations, significant rainfall events anblseguent higler water levels were
observed in March and May 2021. A smaller rainfall event inAagist also caused a momentary
increase in pool levels for most sites. All pools (except P&m) were at a higher level when
sampled in Autumn 2021, than in Spring 2021. Of note asdischarge volumes from LDP10 were
also 6-fold higher in Autumn 2021 than in Spring 2@2dure 8 and Figure 9) most probably due

to the increased rainfall.
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Figure 7. Rainfall and relative (RL) water levels atleaite during 2021.

Water levels are relative since they are based on differentetistance from a set point (nail) installed above theeréine at each site in March

2021. Pool 10 was drained in September for maintenamnce.
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Figure 7 (continued). Rainfall and relative (RL) water leva each site during 2021.

Water levels are relative since they are based on differentetistance from a set point (nail) installed above theeréine at each site in March
2021. Pool 28a has been used a proxy for Pool 32.
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The volumes of the discharges from LDP10 and LDP40 to therement are shown in Figure 8
and Figure 9The proportion of LDP40 water in overall discharge to the poPoint 10 per month
was very low, ranging from 0.20-3.3% (Figure 8). The WTP corechelischarging on 26 May
2021, after the Autumn sampling for 2021 was already complékadrefore, only one sampling
occasion for ecological and water monitoring in Spring 262uded inputs from the WTP
discharge at LDP40. The contribution from LDP40 to overahafige to the environment was very

low on that sampling occasion (Spring 2021) ranging fron2A.% (Figure)9
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Figure 8. Total monthly discharge volumes (Mitom LDP10 and LDP40 during 2020 and 2021
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20/10/2021 | GRQ18, GRQ1, GRUFS

19/10/2021 | Point 10, Point 11, Point12, Point 16, Pool32, Jutts

12/05/2021 Pool 32, Point 11, GRQ18, Point 12

11/05/2021 Point 10, Pool 16, GRQ1, GRUFS, Jutts

16/10/2020 GRQ18

15/10/2020 Pool 16, Pool 32, GRQ1, GRUFS

14/10/2020 Point 11, Point 12, Jutts, Point 10

26/03/2020 GRQ18

25/03/2020 Pool 16, Pool 32, GRQ1, GRUFS

24/03/2020 Point 10, Point 11, Point 12, Jutts
0 2000 4000 6000 8000 10000 12000 14000

LDP10 m LDP40 Discharge per day (KL)

Figure 9. Discharge to the environment from LDP10 and4@mdéuring sampling from each site for monitoring of

water chemistry, macroinvertebrates and metabarcoding.

Site names beside each bar indicate the sites sampled or tthakes.

3.2 Water chemistry (202@021)

Analyses for water chemistrpresented in Table 5 and Table 6, and Fidirand Figurel1, were
carried out on samples from each location alongside the maceoiabrate surveys. Additional
analyses for water chemistry were undertakemsamples collected from the end of pipe

alongside those for ecotoxicity testing and are reported sepaydteSection 3.4.

In general, based on the parameters measured, water quality relati\ was poorer during

2020 and 2021 at the downstream discharge monitoring $haa at reference sites.

Water quality parameters measured at reference sites were mostlyinitie ANZG (2018) GV
ranges, with some exceptions for one or two sites on eaching occasion. Notably, waters

from Point 11 were typically lower in zinc than the other refege sites, but higher in alkalinity,
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pH and aluminium, with aluminium usually exceeding the GM. Adnuniformity at Point 11 may
be due to the inputs from mine discharge at Appin East. taran 2021, however, aluminium
concentrations were similarly elevated by almost 3-fold abdveeGV at all three reference sites,

but these were still 2 to 4-fold lower than those measuredischarge monitoring site

The pH of waters from Point 10 and all downstream sites§R%bwere higher than those at
reference sites (4.9-7.2). The pH for seven of the 12 sampliesteal at reference sites were
within the acceptable range for lowland rivers (6.5-8.0). Intiast, the pH in waters collected
from discharge and downstream sites except those at the mosindowam site GRQ18 (on three
of the four sampling occasions) were higher than the uppegpideline limit of 8, with a range of
8.2 t0 8.9. The pH was low for waters at reference siteghvis similar to previous yearkhe
reasorsfor the low pH in the reference sites is unknown but theges may be naturally low due

to riverbank vegetation-derived organic acids (Holland et alLl220

Conductivity (431-1860 uS/cm) was also higher at Point 1Galirtbwnstream sites than those at
reference sites (116-229 uS/cnby up tol6-fold, however, the values always fell within the
acceptable range for conductivity for lowland rivers (125€2a8/cm; ANZG, 201&cross the
four samplings in 2020 and 2021 from discharge monitasites, conductivity was highest in

Autumn 2020, followed by Spring 2020, Spring 2021, theéonw 2021.
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FigurelO. Field measured pH and conductivity at nine studies

Note that field data were unavailable for Autumn 2020 sées so lab measurements are presented instead. Refereres (&ilue) and discharge

monitoring sites (green). Columns are conductivity and semare pH. Dashed lines indicate upper and lower AIRRBE3) guideline values for pH

and conductivity in lowland rivers.
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Aluminium concentrations were generally higher in Autumn thanng§dior both years, but

highest overall in Autumn 2021, when waters from all sitegeded the GV (55 ug/L) by between
4 to 8-fold. In Autumn of 2020 and 2021, aluminium wavaled above the GV in all discharge
monitoring sites, however in Spring of 2020 and 2@@hcentrations of aluminium at sites further
from LDP10 (GRQ18 in Spring 2020 and both Pool 32 and GR&kéhg 2021) were below the
GV.

Nitrogen (including NOx) was also usually higher in Auturan 8pring, being highest in waters
collected in Autumn 2020, with total nitrogen exceeding thé & four of the six monitoring sites.
Alkalinity was generally higher at each site in 2020 thar®#12and only at two downstream sites
in Autumn 2021 (Pool 16 and GRQ18) did alkalinity fall belowaabonate trigger value
previously derived by the Office for Environmental Heritage (QBER) of 225 mg/L for 95%
species protection (noting this was based on North American asudtoxicity data with an

applied acuteto-chronic ratio (ACR), and applicability for lowland riversat known).

For copper analyses, the concentration exceeded the GV at @fiagigee monitoring sites except at
GRQ18 in Autumn and Spring 20202021, however, copper concentrations excegd@V in
Spring (with the exception of GRQ18) but abany sites in Autumn.

Similarly, the GV for nickel was also usually exceeded asahatge monitoring sites, in both

2020 and 2021 with the exception of Autumn 2021.

Conductivity, pH, alkalinity, aluminium, copper, and tesser extent, nickel, as well as all
measures of nitrogen decreased with increasing distance ftandischarge source at LDP10. The
results for nitrogen, nickel and copper can partly be exgdiby rainfall variations, particularly

the elevated rainfall that occurred during Autumn 2021. Fomatium, however, the results
cannot be explained by the increased rainfall in Autumn 202iLthe reason for the elevated
levels is unclear. Aluminium is relatively insoluble at bl &, with the solubility of aluminium
increasing under more acidic and more alkaline conditionhearmpresence of complexing ligands,
and at lower temperatures (Driscoll and Postek, 1996). The uptakéoaiaty of aluminiunin
freshwater species also generally decreased with increasing waténéss (ANZG, 2018). This is
recognised in different GVs for aluminium in freshwaters wifpH >6.5 (55 pg/L) and waters with

a pH <6.5 (interim GV of 0.8 pg/L, although this iswfreliability) (ANZG, 2018).

Zinc concentrations were erratic across sites, with G¥edances observed in both reference
sites and discharge monitoring sites, with no relatiorsémnpling occasion, or distance from

discharge. Zinc concentrations were consistently above Mé83ug/L) in GRQ1 (1¥iug/L) and
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mostly above the GV for GRUFS &4ug/L). Zinc concentrations were higher in the references
sites than some discharge monitoring sites. The sourcenofat the reference sites is unknown
The highest concentration of zinc was detected in Autumn 2@Zoint 12 when it was five times
higher than the GV, but on that same sampling occasionnooweas detected at the discharge site
Point 10 These erratic zinc concentrations may be due to sample handitige field, and it is
recommended that field and trip blanks be used in future sampliogule out the possibility of

sample contamination during sampling and handling (e.g., fikation).

The quality of the waters discharged from the new temporary \WITMEDP40 was similar to that
measured at the reference sites, with the exception of pH andlialky, which were generally
higher in water from LDP40. In comparison to all dischargedamwnstream sites, water from
LDP40 was of higher quality, however, the pH was above the pyern all except three

occasions, and conductivity fell below the lower GV aeétoccasions.

While the water collected at Point 10 includes discharges footh LDP10 and LDP40, the
contribution from LDP40 was 0.82% of the total discharge volume (Figure 9). LDP40 came online
on 26" May 2021 (Figure 8) after the Autumn sampling for 2021 al@sady completed. The

reason for improved water quality (reduction in some metalsjlbsites in Autumn 2021 was

most likely due to increased rainfall that was flushing ty&tem at the time, indicated by the
increase in pool levels, water flow and rainfall during théufn 2021 sampling period, compared

to those in Spring 2021 (Figure 6 and Figure 7).
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Table 5 Summary of water quality measurements taken alongsidecnobenthic surveys 2020

Autumn 20206 Spring 2020
ANZG Reference Discharge monitoring Reference Discharge monitoring
(2018) Point | Point Point Pool  Pool Point | Point Point Pool  Pool
Analyte Units | Guideline | GRQ1 GRUFS 11 10 12 Jutts 16 32 GRQ18| GRQ1 GRUFS 11 10 12 Jutts 16 32 GRQ18
pH
pH Unit 6.5-8 6.79 6.72 7.19 | 877 8.63 8.71 8.73 8.68 8.16 4.9 6.23 7.05 8.72 8.79 8.61 8.79 8.67 7.63
Conductivity | pS/em | 1252200 190 196 211 | 1860 1680 1670 1650 1500 1270 177 167 229 1750 1010 1140 1420 1270 951
Bicarbonate
Alkalinity mg/L N\pe 2 <1 21 790 628 661 589 613 521 5 2 21 791 274 586 723 636 504
Aluminium pg/L 55 10 <10 50 310 280 290 210 100 80 10 10 70 340 100 160 140 60 <10
Cobalt ug/L 1 <1 <1 <1 <1 <1 <1 <1 <1 1 1 <1 <1 2 <1 <1 1 <1 <1
Copper pg/L 13 <1 <1 <1 3 3 2 3 2 1 <1 <1 <1 6 2 3 3 2 <1
Nickel ug/L 11 2 2 <1 26 23 23 26 24 21 2 1 <1 25 7 16 19 18 16
Zinc pg/L 8 17 12 <5 <5 7 <5 <5 <5 <5 17 10 <5 8 <5 <5 11 8 <5
Nitrite +
Nitrate
(NOx) pg/L 40 7 <2 3 605 501 508 369 197 63 <10 <10 30 60 20 30 10 <10 40
Total
Kjeldahl
Nitrogen pg/L NV <50 <50 90 360 140 120 180 200 140 100 100 100 200 200 200 100 100 200
Total
Nitrogen ug/L 500 <10 <10 90 960 640 630 550 400 200 100 100 100 300 200 200 100 100 200
aln Autumn 2020, no field data was available from S@8@tfor pH and conductivitytherefore lab measurements of these parameters (analygetio one day later) were used insteddab measurements differed by 0- 1.7

pH units and 7-410 uS/cm from field measurements acrosstal gamples.
5NV = No ANZG (2018) guideline value available.

¢Although no guideline value available, Vera et al. (20&gorted a bicarbonate EC10 for 7-d reproduction inltiel Australian isolate @.cf. dubiaof 340 mg/L, and the Office for Environmental Heritad¥. g
calculated an interim trigger value to use for bicarbonat@25 mg/L, based on acute North America freshwatéa aéth an acute to chronic ratio applied.
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Table 6 Summary of water quality measurements taken alongsidecnobenthic surveys 021

Autumn 20232

Spring 2021
ANZG Reference Discharge monitoring Reference Discharge monitoring
(2018) Point | Point  Point Pool Pool Poaint Poaint Poaint Pool Pool
Analyte Units Guideline GRQ1 GRUFS 11 10 12 Jutts 16 32 GRQ18 | GRQ1 GRUFS 11 10 12 Jutts 16 32 GRQ18
pH
pH Unit 6.5-8 6.12 6.06 7.01 | 867 859 8.57 8.22 825 7.94 6.51 6.35 6.84 8.86 8.62 8.92 8.87  8.49 8
uS/c
Conductivity m 1252200 116 117 123 951 667 713 431 549 445 192 175 188 1370 1030 985 943 802 818
Bicarbonate
Alkalinity mg/L N\pe 4 4 7 500 333 343 191 259 174 8 4 14 559 453 450 420 348 321
Aluminium pg/L 55 130 130 140 440 310 300 190 270 240 20 10 130 130 90 110 70 50 30
Cobalt ug/L 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 1 <1 <1 <1 <1
Copper ug/L 1.3 <1 <1 <1 <1 <1 <1 <1 1 1 <1 <1 <1 4 5 3 2 1 <1
Nickel ug/L 11 <1 <1 <1l 7 6 7 4 5 5 2 1 <1 19 14 14 13 11 12
Zinc ug/L 8 11 <5 11 <5 41 15 <5 8 10 16 14 9 6 5 10 <5 6 8
Nitrite + Nitrate
(NOXx) pg/L 40 <10 <10 20 280 180 190 110 140 90 10 20 <10 30 120 120 50 <10 50
Total Kjeldahl
Nitrogen pg/L NV <100 200 100 300 400 300 200 300 200 <100 <100 200 400 200 200 100 200 <100
Total Nitrogen ug/L 500 <100 200 100 600 600 500 300 400 300 <100 <100 200 400 300 300 200 200 <100

a|n Autumn 2020, no field data was available from So2tht8 pH and conductivity, therefore lab measurements @t parameters (analysed up to one day later) were ussigad. Lab measurements differed by 0- 1.7
pH units and 7-410 uS/cm from field measurements acrosgladr samples.

5 NV = No ANZG (2018) guideline value available
¢ Although no guideline value available, Vera et al. £20&ported a bicarbonate EC10 for 7-d reproductiorhi@ local Australian isolate @.cf. dubiaof 340 mg/L, and the Office for Environmental Heritad¥ @

calculated an interim trigger value to use for bicarbonaf@25 mg/L, based on acute North America freshwatéa adth an acute to chronic ratio applied.
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Table 7 Summary of water quality measurements taken from LDRé@d of pipe) in2021

ANZG Discharge monitoring at LDP40, 2021
(2018)
Analyte Units | Guideline May June July August September October November December
pH NMsa
pH Unit 6.5-8 8.38 7.72 7.40,8.15 8.10, 8.90, 8.24 7.85 8.10, 8.5 8.43
Conductivity | pS/cm | 1252200 184 164 97 149,178 NM 125 122,144 144
Bicarbonate NM
Alkalinity | mg/L N\pe 81 83 64 97,102 78 70, 81 76
Aluminium pg/L 55 NM <10 <0.2 03,04 NM 0.6 <0.2, <10 0.6
Cobalt ug/L 1 <0.1 <1.0 <0.02, <0.02 0.02, <0.02 NM <0.02 <0.02, <1 <0.02
Copper pg/L 13 <0.5 <1.0 <0.05, 0.15 <0.05, <0.05 NM <0.05 <0.05, <1.0 <0.05
Nickel pg/L 11 NM <1.0 0.8,0.5 0.7,0.8 NM 0.6 0.4,<1.0 0.4
Zinc ug/L 8 NM 6.0 23,64 1.2,0.6 NM 0.5 <0.5, <5 1.5
Nitrite + NM
Nitrate
(NOX) ug/L 40 32 30 42,40 12,48 18 28, <010 14
Total NM
Kjeldahl
Nitrogen pg/L NV NM 400 NM NM NM 300 NM
Total NM
Nitrogen ug/L 500 260 240, 400 310 410, 360 350 230, 300 460

aNM = not measured.
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3.3 Long term trends in water chemistry (202821)

In this section, we describe the long-term (20182 trends in the key water quality variables:
pH, conductivity, aluminium, nickel, zinc and total ogfen. Across all sites and years (2013 to
2021), the measured parameters of pH, conductivity, aluminiickel, zinc and total nitrogen
were generally lower at reference sites than at the discharge mangaites. Long term trends
observed with respect to time and to distance from the dischamace at LDP10 varied for

different parameters.

Waters collected from the discharge monitoring siteere consistently higher in pH than those
from the reference sites (Figure 12). The reference site GRQGRWFS have, on occasions been
below the ANZG (2018) low&Vfor pH while Point 11 has predominantly been within thegan
of pHG\5 (6.2-8) over time. The pH of waters from discharge monigosites frequently fell
outside the ANZG (2018) GV range of 6& However, the most downstream discharge
monitoring site (GRQ18) generally had lower pH values thanttier sites in this treatment, and
on six (of fifteen) occasions (including the two most recamplings in 2021) were within the
acceptable pH range (6.58\). The pH of waters in pools at the source of discharge @DP1
consistently exceeded the upppH ANZG (2018) G¥f 8, and throughout 2016-201&e pH was
greater than 9. Since that time, there has been a slight redac¢tigpH at Point 10 from 2019
2021 (8.7). In general, there was no clear overall decline iovgiitime within the discharge
monitoring treatment, but certainly pH decreased with incregsilistance from Point 10 on each

sampling occasion.

In recent years, the conductivity of waters at the dischargeitooing sites (Figure 12) has been
within the ANZG (2018) GV range for lowland east coastsr®25-2,200 uS/cm). However, it was
markedly higher in the discharge monitoring sitempared to the reference sisgFigure 13)
There was an overall decline in conductivity with increaslistance downstream from Point 10

In addition, conductivity has declined over time in all desge monitoring sits.

Aluminium concentrations were consistently elevated at all disghanonitoring sites (Figure 14)
While measurements varied over time, thereviedbeen consistently higher aluminium
concentrations in discharge monitoring sites compared wéflierence sitesThe upper discharge
monitoring sites (Point 10 and Point 12) had higher cotregions of aluminium than the sites

further from the discharge source (GRQ18). While measuremenisdvavier time, concentrations
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of aluminium generally declined with downstream distance. On soceasions (e.g., Spring

2021), aluminium exceeded the guideline value in the referenes ¢Rigure 14).

Cobalt and copper concentrations have declined over time at thehdrge monitoring sites
Waters from all sites in the final sampling occasion of §#021, contained concentrations that
were at or below GV his is in contrast to samples collected in 2013 when aqunagons were

up to 8 (copper) and 20 (cobalt) fold higher (Figure 15) agai(&il6). Note that at some sites
(Point 10 and Point 12), copper concentrations have beghtslierratic, but the overall trend has
still been that of decline over time at each si@oncentrations of these metals also declined with
increasing distance from Point 10, and in earlier years (202818) were higher than those at
reference sites.n Autumn and Spring 2019, waters sampled from the reference siR31XGand
GRUFS contained very high concentrations of nickel (Figiréutthese had dropped in 2020
and 2021 to below GV®verall, nickel concentrations declined over time in all disphar

monitoring sites

In general, zinc concentrations have declined over time at digghmonitoring sites but have
fluctuated somewhat at reference sites (Figure 18). The highestconcentrations at all
discharge monitoring sites were observed in 2019 (upGdold above the GV) but have since

fallen in 2020 and 2021 to levels sometimes below the GV.

There is a clear difference in total nitrogen concentrationgeference sites and discharge
monitoring sites across all years (Figure 19). In recensy@19-2021), total nitrogen
concentrations for all sites were generally below B¥ For the discharge monitoring sites there
was a general decline in total nitrogen with distance fromdischarge sourcevith Point 10
generally containing higher concentrations of total nittogcompared to GRQ18 (8km from Point
10).

There has been some improvement to water quality over time at digghmonitoring sites, with
conductivity, and concentrations of copper, cobalt amckel generally decreasing over time.
Indeed, with the exception of nickel, these parameters felhimithe acceptable ANZG (2018) GV
range in 2021 at several discharge monitoring sites, paatilyuthose furthest from LDP10 and
LDP40 discharge pointSor pH, and concentrations of aluminium, zinc and nitrodpenvever,

there were no clear trends with respect to time, and continuedemdances of GVs for these

parameters indicate that the combined water quality at the disgeamonitoring sites
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(particularly those closest to the source) is contaminated aaslgotential to cause biological and

ecological impacts.
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Figurel3. Long-term trends in conductivity.
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Figurel5. Long-term trends in cobalt concentrations.
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Figurel6. Long-term trends in copper concentrations.

Reference sites (blue) and discharge monitoringsgijeeen). Dotted red lines represent the ANZG (2018) guielsilue.
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Figurel?. Long-term trends in nickel concentrations.

Reference sites (blue) and discharge monitoringsgijeeen). Dotted red lines represent the ANZG (2018) guieleilue.
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Figurel9. Long-term trends in total nitrogen concentrations.

Reference sites (blue) and discharge monitorings§igeeen). Dotted red lines represent the ANZG (2018) ginielstalue.
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3.4 Ecotoxicity tests for LDP10 and LDP40 (2021)

3.4.1 Ecotoxicity tests in 2021

Results of the chroni€eriodaphnia dubigeproduction and 7-d survival tests, and acutel96-
larval imbalance tests with the fid¥lelenotaenia splendidare presented in Table 8 and Appendix
A.

Water from LDP10 was not toxic @ dubiareproduction and survival in February 2021 and May
2021 (EC10>100%). It was also not toxiklteplendidaarval imbalance in May, August, and
November 2021. Acute fish toxicity could not be determined torl@ry because the incorrect fish
ecotoxicity test was used (12-d rainbowfish embryo developmentwsasl instead of 4-d larval
imbalance). No toxicity was observed of LDP10 to the 12-d entbsgoWhile the 12-d embryo
and 4-d larval tests cannot be used interchangeably, giverathieof toxicity observed to the 1@-
embryo test, and the lack of toxicity observed als&tadubigwhich to date has rarely been less
sensitive to LDP10 than the 4-d larval imbalance test), italyltkat the February LDP10 sample

would have been non-toxic to the 4-d larval imbalance test, ihhden tested.

Toxicity toC. dubiareproduction and survival was observed in August and Nove@@2t with
reproduction being the more sensitive (more toxic) endpoint. €rhC. dubiaest endpoint
(reproduction and survival), similar toxicity was observethe August and November 2021 water
samples (reproduction EC10 = 48% and 23% respectiveliyaEC10 = 61% and 50%,

respectively).

Water from LDP40 was not toxic k. splendidaarval imbalance over the three samplings
following commissioning of the RO WTP at Appin North (Magu#tyand November EC10
>100%). Toxicity t€. dubiawas observed in May (reproduction only, EC10 = 68%) anagsAug
(reproduction and survival, EC10 = 30% and 36% respectiNelydxicity was observed 1G.

dubiaandM. splendidan Novembe021

All ecotoxicity tests met their respective quality assurance gunality control criteria. Where
samples showed no or low toxicity, concentration-respons®e&s were poor with no or one
partial response, resulting in potentially unreliable ECAl0es. However, the similar trend in
NOECs and EC10 values in this study (Appendix A) providetkoce that the EC10 values

guoted here are sufficiently reliable to enable informed water managerdenisions. In future
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testing, modification of ecotoxicity test design (i.e., nigiohg the concentration series tested)

could improve the reliability of the EC10 values.

Toxicity tests with rainbowfish larvae were done witheugdter renewal, based on advice from ESA
that this species cannot tolerate excessive handling. Thereas@ern that without water
renewals, that excessive degassing can occur, altering thatiosf the sample. Degassing would

be indicated by an increase in pH of the sample during thiesbgsosure period.

Ecotoxicity tests usinG. dubiavere more sensitive to LDP10 and LDP40 waters than those
conducted using fish, wit@. dubiadentifying toxicity in four samples, whereas fish tedit$ not
detect toxicity to any samples tested in 2021. Fish tests wenglucted without renewals since
the additional handling required for renewing test solutmtth these larvae would have caused
high mortalities in controls (Rick Krassoi, ESA, pers. comngwakof water in toxicity tests
prevents degassing of waters, indicated by an increase in saphpthroughout the duration of
the toxicity test. CSIRO requested the pH, conductivity,cissblved oxygen measurements from
ESA for each fish test, to check for evidence of degassihgo@a dataset was provided, for
samples tested in November 2021. In this dataset, the pH char@edubiaest solutions, which
were renewed daily were typically within 0.1 pH unit. In camgon, the fish test solutions, which
were not renewed, were also typically within 1 pH unit dcdttmeasured at the time of test
commencement. This suggests that degassing in these satutiere minimal. Further
assessment of the pH data for the other toxicity tests complete2021, could help confirm this.
It is possible that if methods were improved in future (welljuire additional ecotox test work to
set up methods) to enable renewals to occur that fish tests bempme more effective at
detecting toxicity. This is because renewal of test solut{@assoccurs daily in th€. dubiaest)
minimises degassing and associated pH increases from occwhiay otherwise impact on the

bioavailability of some toxicants.

The assessment criteria with respect to ecotoxicity at LDP10 were dedt@n two of the four
sampling occasions (August and November) in 2021 with toxkEfiy0<100%) ©. dubia
observed on each of those occasions. Based on an assessmentoéasyred water quality
parameters, this toxicity was likely due to elevated metals @kdlinity. In comparison, water
discharged from the new WTP at LDP40 was tox@@. tdubian May and August, and toxicity was
likely due to low conductivity (major ion imbalance). The atignt of sampling for water quality

and ecotoxicity in 2021 has been an improvement to the progr@mpared to previous years
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allowing better cross comparison of key drivers to toyicithe continuation of this approach will

allow for longer term trends to be identified.

Overall, based on the ecotoxicity line of evidence, the dischd&rgesLDP10 and LDP40 had the
potential to negatively impact ecosystems in the receiving environntaough biological effects

on organisms.

Table 8. Ecotoxicity of waters from LDP40 and LDR12021

Site: LDP10 LDRIO
Species: C. dubia M. splendida C. dubia M. splendida
Endpoint: Reproduction Survival Imbalance Reproduction Survival Imbalance
February Toxic Not toxic Not toxic NT, but not toxicto NT NT NT
12-d embryo test
EC10 (%) >100 >100 NT, but EC10>100% NT NT NT
to 12-d embryo test
May Toxic Not toxic Not toxic ~ Not toxic Toxic Not toxic Not toxic
EC10 (%) >100 >100 >100 68 >100 >100
(5773
August Toxic Toxic Toxic Not toxic Toxic Toxic Not toxic
EC10 (%) 48 61 >100 30 36 >100
(1055) (5081) (2833) (3150)
November Toxic Toxic Toxic Not toxic Not toxic Not toxic Not toxic
EC10 (%) 23 50 >100 >100 >100 >100
(1752) (2381)

aNT = Not tested
295% confidence limits in parentheses
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3.4.2 Water quality parameters and comparison to ecotoxicity test result©p1)

The water quality parameters measured in the LDP10 and LDP40 wateesampt for
ecotoxicity testing (and collected from end of pipe) are shawiable 9 and Appendix A (Table
A.1).

The pH of LDP10 water exceeded the ANZG (2018) upper GWiamdaivers (pH 8) in all four
samples by up to 0.8 pH units (pH 8.5 to 8.8). Conductas 1460 to 1790 uS/cm, within the
ANZG (2018) GV range (125 to 2200 uS/cm). Bicarbonate alk@kfenyed to from here on as
alkalinity) was similar on three samplings (730 to 786 mg @aL&nhd lower in August (107 mg
CaC@L). No GVs are provided for alkalinity, however Vera et al.4AP0&rived an EC10 for
chronic 7d C. dubia(Australian isolate, i.e., same clone used in the curramdygtreproduction of
340 mg/L and the Office for Environmental Heritage has prewalesived a trigger value for
alkalinity of 225 mg/L (95% species protection) using acute Martkrica freshwater data with an
acute to chronic ratio applied (OEH, 2012). Therefore, the ssswalllected in February, May and
November 2021, had alkalinity levels that were above those deemébéd fmotentially harmful to
freshwater organisms. Concentrations of five metals, as disddhactions (0.45 um filterable)
representing the more bioavailable metal concentratipfmather than particulate metal),
exceeded their respective GVs in LDP10 water on at least onea@tcAkiminium concentrations
exceeded the GV (55 mg/L) on all four samplings (60 to 88B)nmjckel and zinc concentrations
exceeded GVs by about a factor of two in February and M@y (25 and 17 mg Ni/L), and
February (25 mg Zn/L) respectively. Copper concentrations dgdebe GV of 1.3 mg Cu/L on
three samplings (up to 3 mg Cu/L) and cobalt concentraémegeded the GV (1 mg Co/L) on one

occasion (2 mg ColL).

The pH of LDP10 water was lower in May 2021(7.3), and whkidANZG (2018) pH GV range,
compared to August and November 2021 samples (pH 8.1) whiclushlxceeded the upper pH
GV range of 8. All LDP40 samples had a lower pH than the LDP16ssabapiductivity was at
least ten times lower in LDP40 samples (118, 115 and 144 uS/omppoed to LDP10 samples
with both the May and August 2021 samples falling below ¢iaeel conductivity limit. Alkalinity
was also about ten times lower at LDP40 (63, 75 and 81 mgz@aC@mpared to LDP10 (730 and
786 mg CaC4), with the exception of the August 2021 sample which hadl&alinity of 107 mg
CaC@L. Unlike LDP10, none of the five metals (as dissolved concemsatineasured at LDP40
exceeded their respective GVs and were below the limits of deteéxcept when even lower

limits of detection were used in the August sampling). Thesdtesulicate that the RO WTP is
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removing metals and salts (major ions) from the discharge watertneguh waters at LDP40 with

lower pH, lower conductivity, alkalinity and metal concenwatwell below GVs.

The pH, conductivity, alkalinity and dissolved alunmmzoncentrations were always higher at
LDP10 compared to LDP40 (n = 3). There were no clear treraigdityt and key water quality
parameters (Appendix A, Figure A.1). For example, the sample that had gi&keygparameters
exceeding the GVs, (February 2021 from LDP10), was notéoxedocerans and fish. The high
aluminium concentrations in the LDP10 August sample may be comtgioto toxicity in this
sample, however similar toxicity was observed in the Novembel 3@2ple when aluminium
concentrations were lower, suggesting that aluminium aloneigkely to be the only cause of
toxicity. Measuring the sensitivity @. dubiareproduction and survival to aluminium would assist
to determine if aluminium is contributing to toxicity ihése samples. Despite low metal
concentrations in LDP40 samples, the May and Aug@®@1isamples were toxic t€. dubia Of

note is the low conductivity of these two samples (118 ah8 uS/cm), lower than the lower
conductivity GV and also lower than the control water usethe C. dubiaecotoxicity test (172
puS/cm). Waters with appropriate conductivity, major ions ahelit composition, play a crucial role
in providing a healthy habitat for aquatic organisms. TherMa@r entering LDP40 may be lacking
in essential major ions and causing stress (toxicity).tdubia The conductivity of water in the
November sample of 144 uS S/cm was high enough to not caweses gtoxicity) taC. dubia
reproduction and survival. While the pH of LDP40 waters wastonly higher than the upper
GV, they were similar to those in the DMW controls (Tabkn@ are therefore unlikely to be the
cause of toxicity in this study. However, pH plays an mapo role in the speciation and therefore
bioavailability and resulting toxicity of metals to aquatiganisms.

Based on this study, metal concentrations and alkalinity at DR low conductivity (major
ions) at LDP40 are likely to be contributing to the obserexittty toC. dubia Ecotoxicity to fish

was not observed in any of the samples collected from LDP10 andLDP4

54| CSIRO u*SE o] [* E S]}v o "]V P v C



Table 9. Water quality parameters for LDP10 and UDBamples used in ecotoxicity testing in 2021.

Analyte Units Guideline Feb21 May-21 May-21 Aug21 Aug21 Nov-21 Nov-21 Ecotoxicity
Value? Test Control
Water
LDP10 LDP10 LDP40 LDP10 LDP40 LDP10 LDP40 DMWe
pH pH Unit 6.5-8 8.7 8.5 7.3 8.8 8.1 8.7 8.1 8.1-8.2
Conductivity uS/cm 1252200 1730 1460 118 1790 115 1730 144 172-176
Bicarbonate Alkalinity mg/L NVve 786 730 63 107 75 780 81 NT
Aluminium ug/L 55 60 300 <10 883 1.3 340 <10 NT
Cobalt ug/L 1 1 <1 <1 <1 <0.02 2 <1 NT
Copper ug/L 1.3 2 2 <1 <1 0.15 3 <1 NT
Nickel Hg/L 11 25 17 <1 1 0.4 2.9 <1 NT
Zinc ug/L 8 25 <5 <5 <5 1.2 <5 <5 NT
Nitrite + Nitrate (NOx) |  ug/L NV 40 310 30 140 0.013 40 <10 NT
Total Kjeldahl Hg/L NV 600 200 100 200 Nme 200 300 NT
Nitrogen
Total Nitrogen Hg/L 500 600 500 100 300 390 200 300 NT
Toxic toC. dubia No No Yes Yes Yes Yes No No
Toxic toM. splendida No® No No No No No No No

Values outside of GV range appear in red.

Metal concentrations are dissolved (0.45 pm filterable).

aWater quality guidelines for pH, conductivity and totétagen for lowland rivers. Water quality guidelines foetals for 95% species protection
for moderatelyto-disturbed ecosystems.

12-d embryo test used instead of 4-d larval imbalance tes

¢ No guideline value available in ANZG (2018). Howeeea, & al. (2014) reported a bicarbonate EC10 forG.-dubia/Australian isolate) of 340
mg/L, and the Office for Environmental Heritage (2012) cafedlan interim trigger value for bicarbonate of 225 mghased on acute North

America freshwater data with an acute to chronic ratio appliterefore values above 225 mg/L bicarbonate ardyike be harmful.
4NM = not measured.

e Dilute mineral water

3.5 Long term Ecotoxicology (LDP10 waters collected 22(21)

The ecotoxicity of LDP10 water has been measured using thaeicl@odubiareproduction and
survival test and the acutil. splendiddarval imbalance test from June 2013 to the most recent
sampling even in November 2021 (Fig, with the exception that fish testing was not carried
out during 2019. Also note that testing with other spedieprevious years are not captured on

the graph in Figur@O.

Water from LDP10 was not toxic to rainbowfish larval imbalan@®921, compared to previous
years when of the twelve samples collected across 2013 to 2006, ,were toxic to larval
imbalance. Toxicity of LDP10@o dubiasurvival and reproduction in 2021 was similar to those
observed for previous years, except for two occasions (Jar2dr and November 2017), when
much higher (up to 6- and 7-fold) toxicity to reprodioct was observed. It is not possible to
determine whether these events of elevated toxicity were related to spgcific toxicant or
stress, since water quality parameters were not measured in the samwles collected for

ecotoxicity testingi.e., water quality data for those years were from samples takevtladr times
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during the year for the macrobenthic analysis. The alignmenawipsing for water quality and
ecotoxicity in 2021 has been an improvement to the programwatg better cross comparison of

key drivers to toxicity. The continuation of this approaah allow for longer term trends to be
identified.
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Figure20. Ecotoxicity of water from LDP10 Geriodaphnia dubiasurvival and reproduction andlelenotaenia

splendida(Rainbow fish) larval imbalance from June 2013 to Eower 2021.

Toxicity is presented as toxic units (L§EC10 value).

The ecotoxicological tests on the LDP10 discharge waters shbaehistorically the waters were
toxic toC. dubiaandM. splendidabut that there has been a reduction in toxicityNb splendida
survival in 2021, compared with previous years. THike$y related to the overall reduction in
conductivity and some metal concentrations (Co, Ni, and toesextent Cu and Al) for LDP10
waters over the same period. Howev€&, dubiareproduction is a more sensitive endpoint than
survival, based on differing modes of action of toxicamtshes endpoint. Therefore, despite the
improvements observed in water quality at LDP10- over time, itgxabserved toC. dubia
reproduction in 2021 is similar to that observed in presgears (albeit lower than the extremes

of toxicity observed on two previous occasions).

Collectively, the ecotoxicological tests indicate that trecharge waters from LDP10 may still

pose a risk to biota.
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3.6 Macrobenthic surveys (2020-2021)

In this section, we describe the macrobenthic macroinvertebraterdity and community
structure for the sampling occasions Autumn 2020, Sprird§ 28utumn 2021, and Spring 2021.
We also describe the interactions of the macroinvertebrate commesitin the sampling

occasions with the environmental variables measured.

3.6.1 Macrobenthos abundance (2020-2021)

The total abundance for all sites sampled during 2020 ar2d 20e illustrated in Figurzl.

Broadly, macrobenthic abundance (total number of macroinvertebratested per sit¢was

higher in the discharge monitoring sites compared to the rexiee sites (Figur2l). The mean
abundance and standard errors for each treatment for the samgpticcasions and One-Way
ANOVA results for each treatment for each sampling occasion arergegsin Tablel0. Total
abundance was significantly different for reference and disgh monitoring sites for all sampling
seasons except for Spring 2020 (Tdie Across the sampling period, the mean abundance of the
discharge monitoring treatment was greater than that for the refere treatment (Tabld0). The
exception to this was in Spring 2020, where a nearly fstgni result was observed (p=0.053). It is
noted that univariate statistical analysis is limited duetie small sample sizes for the sitése
unbalanced design of only three reference sites and sihdige monitoring sites constrains the
use of robust statistical analysis (Chariton & Stephenson)2020

In Spring 2020, Site GRQ18 recorded the highest abundancéen@Vvidluals) over the sampling
period (Figure€l). In contrast, GRUFS had the lowest abundance of all sitesllaimde points 89
individuals in autumn 2020) (Figu2d). Interestingly flow in autumn 2020 was lower than the
2020 months of February/March where there had been an increaskwsf (BML/dayand then

flow reduced (<RIL/day) just before the Autumn 2020 sampling at GRUFS (Figure 6). Thg Spri
2020 sample Point 11 technical replicate 2 was removed from théysis due to no

macroinvertebrates observed in the replieatample.
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a) Total abundance Autumn 2020

b} Total abundance Spring 2020
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Figure21. Abundances of macrobenthic invertebrates (2020-2021).
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Reference sites (blue) and discharge monitoringsggeeen). a) Autumn 2020; b) Spring 2020; ¢) Autumn 288d;d) Spring 2021.

Table10. One-Way ANOVA results on macrobenthic abundance féenence and discharge monitoring sites

Discharge Discharge
Abundance Reference Reference monitoring monitoring One-Way ANOVA
mean +S.E. mean +S.E. F P-value
Autumn 2020 13.1 2 521.6 7 14 <0.05
Spring 2020 45.5 11 87.8 14 4 0.053
Autumn 2021 21.3 5 49 6 9.6 <0.05
Spring 2021 104.2 20 206.4 23 8.2 <0.05

Bold values denote significance at p < 0.05.

3.6.2 Macrobenthos richness (2020-2021)

Richness is a measure of the number of different taxa in a samgiéecand does not account for

the abundance of the tax& summary of family richness from the macrobenthic data collected in

2020 and 2021 is provided in Fig@2 Richness varied across reference and discharge monitoring

sites and sampling periods (Figa®.
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a) mean richness (S) Autumn 2020
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Figure22. Mean Family richness of macrobenthic invertebratesu¢dmn 2020-2021).

Reference sites (blue) and discharge monitoringsggeeen). a) Autumn 2020; b) Spring 2020; ¢) Autumn 2880;d) Spring 2021.

The mean richness and standard errors for each reference anlagigee monitoring site and the

One-Way ANOVA for richness for each sampling occasion are mdseriablell. Richness

varied across the study sites and sampling times (Fi2g@)enith no significant difference

between reference and discharge monitoring sites for Autumn02&2d Spring 2020 (Tallé4).

Richness did vary significantly between reference and dischmogétoring sitesin Autumn 2021

and Spring 2021. In Autumn and Spring 2021 mean richneskiglzer in the discharge

monitoring sites compared to the reference sites (Tdde The One-Way ANOVA for richness

(Tablell) detectedasignificant difference between reference and discharge monitosites in
Autumn 2021 (F=6,9<0.05 and in Spring 2021 (F=9(80.05. Site GRQ18, consistently
represented the site with the highest richness for all seasives 2020 and 2021. Site GRQ4.8

the furthest discharge monitoring site from the LDP40 and LDIiEMharge pointdMean richness

at Point 10 in Autumn 2020 was higher than the reference &itesichness at Point 10 has since

reduced in Spring 2020, Autumn 2021, and Spring 202aré24g). It is emphasised that these
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richness and abundance findings should be taken cautiougy ghe small sample size, three

reference sites and six discharge monitoring sites.

Tablell. One-Way ANOVA results on macrobenthic richness foemefice and discharge monitoring sites.

Richness Reference Reference Dlsqharge Dlsqha_rge One-Way ANOVA
monitoring monitoring
mean + S.E. mean + S.E. F P-value
Autumn 2020 7 0.6 8.3 0.4 3.0 0.09
Spring 2020 9.2 0.9 10.1 0.7 0.6 0.42
Autumn 2021 7.5 0.7 10.1 0.6 6.9 <0.05
Spring 2021 9.7 0.9 13.2 0.7 9.3 <0.05

Bold values denote significance at p< 0.05.

It is important to note that abundance and richness indeghemily are regarded as weak measures
of environmental stress (Chariton et,@015). We suggest removing richness and abundance
from the macrobenthic monitoring program for greater emphasistenSIGNAL and multivariate

macrobenthic composition metrics.

3.6.3 Macrobenthic composition (2020-2021)

The macrobenthic community structure were investigated to compaference and discharge
monitoring sites. On all sampling occasions, the macrobemmbimmunity structureg reference
siteswere different to those in the discharge monitoring sit&éhe similarities/differences
between macroinvertebrate assemblages sampled in Autumn and Sproaghir2020 and 2021
are presented irthe ordination plots in Figur23. The ordination plots (Figur23) show the
aggregation of the reference sites in blue and the aggregatidheoseparate discharge
monitoring sites in green. The ordination plots hightithat the discharge monitoring sites were
more closely clustered together than the reference sites, inthgathat the discharge monitoring
macrobenthic communities were more similar to each other. In pr&vigears the macrobenthic
composition has shown more of a gradient effect for distance vy the discharge source,
however, in 2020 and 2021 two distinct macrobenthic commiasifor the treatments (reference
and discharge monitoring) were clearly sepafrom each other in the ordinations, most
obvious in the Spring seasofi$iere was less separation of the two treatments in Autumn 2021,
which corresponds with the highest rainfall sampling oaoasihe 2020/2021 macrobenthic
composition shows that Poirtl macroinvertebrate community structure is becoming more
similar to the discharge monitoring sites compared to thlaserved for Point 11 composition in
2019 (Chariton and Stephenson, 2020) and has a unique congomositmpared to the other
reference sitesln the Spring 2020 samplingne of the five replicates contained no
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macroinvertebrates (Point 11 replicate 2) and this sample replicater@asved from Point 11 for

further multivariate analysis.

a) Autumn 2020

b) Spring 2020
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Figure23. non-metric Multidimensional Scaling (hnMDS) of maceaithic communities (2020-2021).

a) Autumn 2020; b) Spring 2020; c) Autumn 2021; angihg2021.

PERMANOVA tests were undertaken to investigate macrobenthic comnstmityure differences

in treatments and time. The results of the PERMANOVAs testingfienedices in

macroinvertebrate community composition between sampling timepo{Aistumn and Spring

2020 and Autumn and Spring 2021) and treatments for all yasrpresented in TablE2. On all

four occasions, there were significant differences in the cosifjon in macrofauna communities

between the reference and discharge monitoring treatments: AutumrO2ZCZERMANOVA:
Pseudo-F= 7,<0.05); Spring 2020 (PERMANOVA: Pseudo-F=g0.95); Autumn 2021
(PERMANOVA: Pseudo-F= g<8.05; and Spring 2021 (PERMANOVA: Pseudo-F7%0.85).

Significant differences in community composition were founthwespect to time (season/year)

(PERMANOVA: Pseudo-F=p<D,.05) and treatment (reference or discharge monitoring)
(PERMANOVA: PseuBe28.8 p<0.05), when tested individually. In addition, there was a
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significant interaction between time and treatment (PERMANOVA: Pseafi®p<0.05. The
PERMANOVA results confirm that the macrobenthic communitiesirefierence treatment are
different to those in the discharge monitoring treatment and thia¢ communities have changed
over time

Tablel2. Results of PERMANOVA testing for variation in all méenathic community composition data (2020 &

2021) between sampling timepoints (season/year), sitesf@rence vs discharge monitoring).

Factor: source of variation MS Pseudo-F P(perm) Unique perms
Time (season/year) 3 12021 6.2357 0.0001 9889
Reference vs discharge monitoring 1 51385 28.776 0.0001 9934
Time*Treatment 4 15616 9.9346 0.0001 9861

Res 171 2.69E+05

Total 178 3.67E+05

Df: degrees of freedom; MS: mean squares; Psed® UpOS]A E] & Vv 0}Pu 3} &]*Z E[ZRUB}ST «f 3/ W %p( B 14+ W U%@E }
by permutations; Unique Perms: number of unique permutasio

Bold values denote significance at p< 0.05.

Consistent with previous years, there were marked differenceésamacrobenthic communyt
composition between the reference and discharge monitoring treatm@n&utumn and Spring
2020and 2021. Across the sampling times Point 10, Point 12 dott Pool 16 demonstrated
similar macrobenthic community compositions while GRQ18 shavmeglie composition for all

years.

The five top taxa which discriminated between the reference asdhdirge monitoring treatments
on each occasion are shown in Tab8In Autumn 2020, key taxa which contributed to the
observed differences in compositioimsthe discharge monitoring treatment were: Caenidae
(Ephemeroptera)TanypodinadChironomidae)ChironominagChironomidae)and Hydrophilidae
(Coleoptera) (Tabl&3). The taxa Caenidae (EphemeropterBanypodinagChironomidae),
ChironominagChironomidae)and Hydrophilidae (Coleoptera) were higher in abundandken
discharge monitoring sites and had a positive relationshtp discharge monitoring siteIn
Spring 2020, the reference treatment had higher abundances of Lbbidae, there was a
positive relationship with reference treatments and abundances ofdmpebiidae in Spring
2020 TanypodinagCaenidaeand Chironominagere more abundant in the discharge
monitoring sites than the reference sites in Spring 20@@Autumn 2021, Oligochaeta
Chironominaeand Tanypodinae were more abundant in the discharge monitoritegsin Spring
2021, there was an overall increase in abundances across diffieldmacroinvertebrates (Table
13) and Leptophlebiidae were characteristic of the reference sites, mitatively higher
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abundances of Chironominae, Tanypodinae and Caenidae beicgtiad of the discharge
monitoring treatment. The SIMPER analysis, which explains thendé&ésgy between treatment
composition, found the reference sites to contain more orgars from the family
Leptophlebiidae while the discharge Monitoring sites contaioeghnisms from the families
Caenidae, Tanypodinaand Chironominae which are regarded as tolerant invertebrate taxa
(Chessman, 2003; Walsh 2006). Leptophlebiidae have been idemtiagotential indicator of
health for this system, with this taxon considered todestamination intolerant (SIGNAL=8)
(Chessman, 2003). In general, the discharge monitoring sitesdrachunities composed of more
tolerant taxa while those at reference sites included more serestaxa. There could be multiple
factors explaining the different taxa present in the reference aisdltairge monitoring site
including differences in habitat, pool depth, turbidignd substrate type. The differences in
composition using SIMPER were not as obvious in 20202821n Greater differences in
composition in 2021 might be related to weather pattern chasigwith greater rainfall especially

observed in Autumn 2021 compared to previous sampling 1822019 and 2020.
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Tablel3. SIMPER results illustrating the top 5 taxa which cohtried to differences between the reference and

discharge monitoring sites (ZD-2021)

Reference Discharge Monitoring (%) contribution of total

Average abundance  Average abundance dissimilarity

2020 Autumn Caenidae 2 19 27
Tanypodinae 2 11 17
Chironominae 2 5 10
Hydrophilidae 2 4 7
Baetidae 1 2 5
2020 Spring Tanypodinae 13 27 25
Caenidae 2 25 21
Leptophlebiidae 10 1 13
Chironominae 4 10 8
Hydrophilidae 1 4 7
2021 Autumn Oligochaeta 2 8 16
Chironominae 5 8 16
Tanypodinae 3 8 13
Caenidae 0.2 5 6
Ecnomidae 2 4 6
2021 Spring Chironominae 34 81 30
Leptophlebiidae 44 7 18
Caenidae 1 39 15
Tanypodinae 8 32 13
Dytiscidae 0 2 6

3.64 Relationships between macrobenthic communities and water quality (2020-
2021)
Multivariate correlative statistics were undertaken to understdralv the macroinvertebrate
communities were responding to the water quality variables meadu€Correlative patterns were
studied to identify which environmental factors were drivimg tmacrobenthic community
composition and to identify key relationships between the mawrertebrate communities and
the measured water quality varialdeDistance-based linear modelling (DistLM) was used to
correlate environmental variables to the composition of the macrabe&ncommunity
composition for each sampling occasion and the correlativatiogiships between the
macrobenthic communities and water quality for each sampling agegmted in Figur@4 to

Figure27.
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Autumn 2020

The distance-based analysis of the Autumn 2020 data is presantgdure24. The fitted DistLM
was visualised using a distance-based redundancy analysis (dbéti3&kained ordination
demonstrating the correlation of significant variables on faigumn 2020 macrobenthic
community. Approximately 77% of the variation of the macrobentfaita sampled in Autumn
2020 could be explained by the measured environmental variablealghlinity, total nitrogen

and zinc (Table 14). When examined collectively, pH was thesanbble which was significantly
correlated (p<0.05), explaining approximately 45% of the tedalation of the macrobenthic
community structure. The dbRDA (Fig@ shows that axis 1 (dbRDA 1), (which corresponds to
pH, alkalinity) is explaining approximately 49% of the tegaiation and axis 2 (dbRDA 2)

(corresponding to total nitrogen) is explaining approximate29o of the total macrobenthic

variation.
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Figure24. Ordination plot derived from the distance-based mod#ustrating the relationships between

environmental variables and macrobenthic compositidrom Autumn 2020
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Tablel4. Sequential test results of distance-based linear n@@DistLM) Autumn 2020

Variable AdjR SS(trace) Pseudo-F Prop% Cumulative res.df
contribution

+pH 0.38 3697 5.82 0.0008 0.45 0.45 7

+Alkalinity 0.43 9939 1.73 0.088 0.12 0.58 6

+Total nitrogen  0.52 1023.3 2.10 0.085 0.13 0.70 5

+Zinc 0.54 568.1 1.22 0.32 0.07 0.77 4

SS(trace): sum of squares; Pseufl® Uup03]A E] 3 Vv 0}Ppu 3} &]°Z E[ZR%E}IEZ *F 3/ “WW %0 & propmitiod &f W E } %o 9 W

variation; res.df: residual degrees of freedom.

Bold values denote significance at p< 0.05.

Spring 2020

The distance-based analysis of the Spring 2020 data fowatdite measured water quality
variables of pH, zinc, aluminium, total nitrogemckel, conductivity and copper collectively
explained 97% of the total variation in the macrobenthic dataew&xamined collectively, pH
(48%) and zinc (14%) were shown to significantly contibwia proportion of the variation in the
data(Table 15) Like autumn 2020, pH was also found to be the most significariable
contributing to the Spring 2020 macrobenthic total variati@explaining approximate§8%of the
total variationin the macrobenthic community structure. In Spring 2020¢ mias contributing to
the biological variation (%x05), explaining approximately 14% of the total macrobenthic
variation. The fitted DistLM was visualised using a distdrased redundancy analysis (dbRDA)
constrained ordination (Figur2s), demonstrating the correlation of significant variablesta
Spring 2020 macrobenthic community. The dbRDA (FR)rehows that dbRDA (pH,
conductivity) is explaining 52% of the total variation afRDA 2 is explaining 14% (zinc) of the
total variation (Figur@5). The composition of the water quality variables driving P&yt Point
12, and Jutts differed to those for Point 11, GRUFS and GRQardihation dbRDA (Figuih)
shows GRQ18, Pool 16 and Pool 32 were separated from the dgodrarge sites (Point 10, Point
12, Jutts) in Spring 202
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Figure25. Ordination plot derived from the distance-based modi#llistrating the relationships between

environmental variables and macrobenthic compositidrom Spring 2020.

Tablel5. Sequential test results of distance-based linear ne@DistLM) Spring 2020

Variable AdjR SS(trace) Pseudo-F P Prop%. Cumulative res.df
contribution
+pH 041  3968.7 6.5 0.0006  0.48 0.48 7
+Zinc 0.49 11312 2.16 0.0153 0.14 0.62 6
+Aluminium 0.57 9176 2.06 0.0606 0.11 0.73 5
+Total N 0.64 757.5 2.07 0.0922 0.0 0.82 4
+Nickel 0.68 4854 1.49 0.2537 0.0% 0.88 3
+}v u §]JA]1SC . 0.72 4046 1.41 0.3249 0.049 0.93 2
+Copper 0.80 367.1 1.76 0.3576  0.045 0.97 1

SS(trace): sum of squares; Pseudo-F: multivaristeo}Pp S} &J]¢Z E[* & § ¢35 ¢35 §]+3] Y &Z V]109 6 CAC Wb S} RboeC
the proportion of variation; res.df: residual degrees of freedom.

Bold values denote significance at p< 0.05.

Autumn 2021

The distance-based analysis of the Autur@@Rdata found the measured variables of pH,
conductivity, alkalinity, aluminium, zinc, nickel, @othl nitrogen explained 91% of the total
variation in macrobenthic community composition. When examindbbctively only pH was
shown to significantly contribute to a proportion dfe variation in the data, explaining

approximately 27% of the total variation of the autumn 2021 rohenthic community structure
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(Tablel6). pH has been the consistent variable driving the macroberdbmmunity structure

across three sampling periods, from Autumn 2020 to Autumn 2021

The fitted DistLM was visualised using a distance-baseddaohcy analysis (dbRDA) constrained
ordination (Figur&6), demonstrating the correlation of significant variables ba Autumn 2021
macrobenthic community. pH is driving the discharge momtpsites to separate from the
reference sites. In the dbRDA ordination, dbRDA 1 is expleé@ifitgof the total variation and
dbRDA 2 is explaining 20% of the total macroinvertebrate variafioa dbRDA also highlights that
alkalinity may be separating Point 10 communities from thesottischarge monitoring sites in

Autumn 2021
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Figure26. Ordination plot derived from the distance-based mobidustrating the relationships between

environmental variables and macrobenthic compositidrom Autumn 2021
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Tablel6. Sequential test results of distance-based linear n@@DistLM) Autumn 2021

Variable AdjR SS(trace) Pseudo-F P Prop%. Cumulative res.df
contribution
+pH 0.16 1784.5 2.58 0.003 0.27 0.27 7
+ }v pu $]AJ8C . 0.24 1067.3 1.70 0.073 0.16 0.43 6
+Alkalinity 0.29 833.7 1.42 0.253 0.13 0.56 5
+Aluminium 0.30 611 1.05 0.448 0.09 0.65 4
+Nickel 0.27 522 0.87 0.500 0.08 0.73 3
+Zinc 0.41 827.9 1.68 0.249 0.12 0.85 2
+Total Nitrogen 0.31 411 0.72 0.576 0.06 0.91 1

SS(trace): sum of squares; Pseuf® upoS]A E] § Vv o}Pu 8} &]*Z EUO0&ZEL %E}1ET 3] ¥ WV &% E}
the proportion of variation; res.df: residual degrees of freedom

Bold values denote significance at p< 0.05.

Spring 2021

The measured variables of zinc, total nitrogen, aluminium, akalialty explained 81% of the
total variation in Spring 2021 macrobenthic community comjpasi When examined collectively
only zinc was shown to significantly contribute to agrtion of the variation in the data, zinc
explaining approximately (56%) of the total variation of the maerbic community structure in
Spring 2021 (Table 17he fitted DistLM, dbRDA (Fig@®), demonstrated the correlation of
significant variables on the Spring 2021 macrobenthic commuhitthe dbRDA (Figug¥) dbRDA
1is explaining approximately 59% of the total macrobenthic viameand dbRDA is explaining
approximately 13% of the total variation. The compositiothef water quality variables driving
Point 11 was separated from the other reference sites (GRQ1 and GR3p8hg 2021. Point 11
composition appears more similar to the discharge monitoritgsghan the reference sites GRQ1
and GRUFS in Spring 2021 (Fi@mMeWater quality variables contributing to the variation in
community composition at Point 10 (alkalinity) and Jutts (zircttatal nitrogen) differed from

those variables driving the composition of the other disggamonitoring sites (FiguiZy).
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Figure27. Ordination plot derived from the distance-based modilustrating the relationships between

environmental variables and macrobenthic compositidrom Spring 2021

Tablel7. Sequential test results of distance-based linear me@DistLM) Spring 2021

Variable AdjR SS(trace) Pseudo-F Prop% Cumulative res.df
contribution
+2nc 0.49 4378.5 8.84 0.0009 0.56 0.56 7
+Total Nitrogen  0.58 1007 2.45 0.0591 0.13 0.69 6
+Alminium 0.62 590.18 1.58 0.2158 0.08 0.76 5
+Alkalinity 0.63 408.79 1.12 0.3971 0.05 0.81 4
SS(trace): sum of squares; Pseufl®W Uupo3]A E] S Vv 0}Pu 3} &]+Z EICOKZEL %E}EF 3] ¥ WV ¥ E}

the proportion of variation; res.df: residual degrees of freedom

Bold values denote significance at p< 0.05.

The correlative patterns analysis identifipbl asthe main driveiof the macrobenthic community

across all sampling yeaaiswell aszincin 2021. While the statistical analysis suggestsmaybe

the main driverwe recommend considering the water qualitfthe metals angpHasa whole

interacting with the biologyf the system. Given the com

plexity of the LDP10 discharge waters

and the tight relationship between pH, alkalinity and metaidvailability, we recommend viewing

the discharge water quality as whole rather than giving wetgldany specific variable.
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3.6.5  SIGNAL scores (2020-2021)

The SIGNAL scores from the Autumn and Spring macrobenthic sperégsned in 2020 and

2021 are presented in Figus. All reference sites had SIGNAL scores below the long-term
historical mean (2013-2019) in Autumn and Spring in 20202824 (Figur@8). Mean SIGNAL
scores, standard errors and One-Way ANOVA results for the reteacdischarge monitoring
treatments are presented in Table 18. Mean SIGNAL scores for themeéetreatment in Autumn
2020 (4.2 + 0.1 S.E.), Autumn 2021 (4.3 + 0.2 S.E.) ang 3p®2ih (4.3+ 0.09 S.E.) were
significantly greater than those for the discharge monitgrireatment on each sampling occasion
(Autumn 2020, 3.6 + 0.1 S.E.; Autumn 2021, 3.7+0.1 S.iag 3p21, 3.7 + 0.08 S.E. based on
One-Way ANOVA analyses (Autumn 2020: F=100B0H<Autumn 2021: F£4.8, p<0.05 Spring
2021: F=18.3, p<0.05). For Spring 2020 mean SIGNAL scores for the reference treatment 3.1+ 0
S.E.) was not significantly different to that for the dimge monitoring treatment (3.8 £ 0.1 S.E.;
ANOVA: F= 0.p=0.39).

Tablel8. Table One-Way ANOVA results on macrobenthic SIGNAilesdor reference and discharge monitoring

treatments.
SIGNAL Reference  Reference Dlsc_:ha_rge Dlsqha_rge One-Way ANOVA
monitoring monitoring
Sampling time mean + S.E. mean + S.E. F P-value
Autumn 2020 4.2 0.1 3.6 0.1 10.3 <0.05
Spring 2020 4.1 0.3 3.8 0.1 0.7 0.39
Autumn 2021 4.2 0.2 3.7 0.1 14.8 <0.05
Spring 2021 4.3 0.1 3.7 01 18.3 <0.05

Bold values denote significance at p< 0.05.
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Tablel19. SIGNAL scores and rankings for each sit(22021).

Treatment Year Season Site Potential ranking* SIGNAL
Reference 2020 Autumn GRQ1 Probable moderate contamination 4.4
2020 Spring GRQ1 Probable moderate contamination 4.4
2021 Autumn GRQ1 Probable moderate contamination 45
2021 Spring GRQ1 Probable moderate contamination 4.3
Reference 2020 Autumn GRUFS Probable moderate contamination 4.4
2020 Spring GRUFS Probable moderate contamination 4.7
2021 Autumn GRUFS Probable moderate contamination 4.6
2021 Spring GRUFS Probable moderate contamination 4.4
Reference 2020 Autumn Point11 Probable severe contamination 3.8
2020 Spring Point11 Probable severe contamination 3.2
2021 Autumn Point11 Probable severe contamination 3.9
2021 Spring Point11 Probable moderate contamination 4.1
Discharge monitoring 2020 Autumn Point10 Probable severe contamination 3.4
2020 Spring Point10 Probable severe contamination 3.3
2021 Autumn Point10 Probable severe contamination 3.6
2021 Spring Point10 Probable severe contamination 3.2
Discharge monitoring 2020 Autumn Point12 Probable severe contamination 3.1
2020 Spring Point12 Probable moderate contamination 4.2
2021 Autumn Point12 Probable severe contamination 3.7
2021 Spring Point12 Probable severe contamination 3.9
Discharge monitoring 2020 Autumn Jutts Probable severe contamination 3.2
2020 Spring Jutts Probable severe contamination 3.3
2021 Autumn Jutts Probable severe contamination 3.5
2021 Spring Jutts Probable severe contamination 3.6
Discharge monitoring 2020 Autumn Pool 16 Probable severe contamination 3.9
2020 Spring Pool 16 Probable moderate contamination 4.0
2021 Autumn Pool 16 Probable severe contamination 3.5
2021 Spring Pool 16 Probable severe contamination 3.6
Discharge monitoring 2020 Autumn Pool 32 Probable severe contamination 3.8
2020 Spring Pool 32 Probable moderate contamination 4.0
2021 Autumn Pool 32 Probable severe contamination 3.9
2021 Spring Pool 32 Probable severe contamination 3.9
Discharge monitoring 2020 Autumn GRQ18 Probable moderate contamination 4.2
2020 Spring GRQ18 Probable moderate contamination 4.4
2021 Autumn GRQ18 Probable moderate contamination 4.1
2021 Spring GRQ18 Probable moderate contamination 4.1

*Potential rankings based on Chessman (1995)

The SIGNAL scores overall were low across all sites. SIGNAgfus iadisator tool for freshwater
ecosystem health as it factors in the sensitivity of the inserates at a site. In contrast to total
abundance and richness, SIGNAL macroinvertebrate metric was deswjfoedi$ the analysis on

taxa which may be influenced by the ecological condition efditeam. As reported in previous
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years (Chariton and Stephenson, 2018 and 2020), the Ephemeaopt@aenidaavere more
abundant at discharge monitoring sites. The family Caenslaensidered moderately insensitive
to contaminants (SIGNAL=4) (Chessman, 2003). Leptophlebiidae weralmoaant in the
reference sites anthis taxon considered to be contamination intolerant (SIGNAL=8) (Chessman
2003).

There have been some slight improvements in the macrobenthic refersive composition likely

due to overall increased water flow at the reference sites froon@ased rainfall in 2021

compared to the previous reporting EIP2 in 2013019 (Chariton and Stephenson 2020). Higher

rainfall and greater water flows through GRUFS has improve8HB&IAL score for GRUFS in 2020

and 2021 at the time of sampling compared with 2018 and 2@ién the system was in drought.

It is important to note that the water level at GRUFS has fatet over the monitoring period,

with low flow observed in Autumn 2020, Spring 2020 andn§®021. GRUFS is shallow (0.5m

depth) and narrow (2m wide), so the flow and ecological intggt this site could be related to

dynamic weather patterns. The reference site GRUFS has improved SEeMALirs2020 and

2021 comparedtaiiié v 1ii6 A]SZ P%PE « ]Jv 0 *«](i} S{BVSS} Z% E} o
}vs u]v S]}v maydugpest that water flow and level through the upper referentess

(GRQ1 & GRUFSaimctor for macrobenthic taxa present and the corresponding SIGNdve for

the sites. The SIGNAL score at Point 11 however has variedroeestiggesting multiple complex

inputs at Point 11, in Autumn 2020, Spring 2020 and Aut@021; Point 11 was classified as

Z%E} o « A E }vs u]v 3]}v[ v }voC JuREEA }vE} W% & }v[dvu}

Spring 2021.

The over-arching trend throughout the sampling progranh& the composition of macrobenthic
invertebrates from the reference sites differ to those from tischarge monitoring site#t is
important to note that habitat and pool substrate is als@likcontributing to the observed
differences between and within treatments. Observational evidgpess. obs. David Gregory,
South32) also suggests that the structural complexity effater bodies varies greatly between
the reference and discharge monitoring sites, with the fornmrtaining more complex habitats,
including structures such as log jams. Water dischargamg EDP10 remains the dominant flow
and water source of the upper sites, consequently, the obsedrdrences between the two
treatments is likely due to a combination of the LDP10 dischalgers and invertebrate habitat
condition.dZ Z]JPZ & "/'E > ¢« }E& ¢ Vv 0 *°*](] S]}v}IvwSZUpEI]IWW &8} &E
GRQ18, the most downstream distant site, suggests that tleeedf discharge from LDP10 and
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LDP40 is lessened by distance downstream, with mixed inprtsddditional flows. Confluence
creek inputs and other land-based activities in this arkthe catchment may be having more

influence on the water quality at GRQ18 due to geographicatipns

3.7 Long term patterns in macrobenthic community attributes

3.7.1 Abundance and richness (2012921)

The abundance of macroinvertebrates varied greatly between sitdsaaross sampling events
Figure29. The long-term patterns showed a significant difference betwienabundance of
reference sites compared with the discharge monitoring sitbs.ldng-term patterns of
abundance showed that the discharge monitoring sites (1044S.5, had a higher mean
abundance than the reference sitesO(x 5.5 S.E.) (ANOVR=13, p<0.05). It is emphasised that
this finding should be taken cautiously given the small sarsiie three reference sites and six

discharge monitoring.

The mean richness for all sites sampled between 2013 and i20Rdstrated in Figurd0. Mean
family richness was similar in all reference and discharge mamitaites, with only a slightly
significant difference observed (ANOFAS5.6, p=0.05) detected between the reference (10 £ 0.7
S.E.) and discharge monitoring (12 = 0.5 S.E.) treatments. NG tnerd observed in the richness

data over the long term.
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3.7.2 SIGNAL (2013-2021)

Long-term SIGNAL scores for all sites sampled between 2013 2hé&0illustrated in Figure 31.

Based on the classifications for SIGNAL by Chessman (1995)suidge®n average, at the times

}( s u%o]vPU §Z & (E v ]S e« v Jve@E & }VE A%RVES]Ivd w}SZ
]* Z &P u}Vv]3}E]VP ]38 « }( Z% E} cFableROXEThe pxceptigv b&ihte

U}e3 Je8 v3 Je Z P UulVv]3}E]JVP ]38 J(ZYi0oZ%TEFZ Aos w} *E §
}vsS u]v S]}v[X -tkEn nodanFSIGNAL scores for the reference sites (4.5 £ 0.10 S&=.) wer

greater than the discharge monitoring sites (3.8 + 0.14 Jl&e)difference between the reference

and discharge monitoring long term mean SIGNAL scores wafscsigity different between the

two treatments (ANOVA: F= 12, p<0.05) (Figure 31).
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Figure31. Long-term SIGNAL scores for sites (2013-2021).
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Table 20. Mean SIGNAL scores for each site (2013-2021).

Potential ranking* Mean
Treatment Site SIGNAL Minimum Maximum
Reference GRQ1 Probable moderate contaminatior 4.7 35 6.0
Reference GRUFS Probable moderate contaminatior 4.6 5.1 6.6
Reference Point11 Probable moderate contaminatior 43 3.2 5.9
Discharge monitoring  Point10 Probable severe contamination 3.2 1.9 5.5
Discharge monitoring  Point12 Probable severe contamination 3.6 15 4.6
Discharge monitoring  Jutts Probable severe contamination 3.7 3.1 4.5
Discharge monitoring Pool 16 Probable severe contamination 3.8 3.1 4.7
Discharge monitoring  Pool 32 Probable severe contamination 3.9 3.2 4.4
Discharge monitoring GRQ18 Probable moderate contaminatior 4.3 4.0 4.5

*Potential rankings based on Chessman (1995).

Some small changes to the SIGNAL scores have occurred over timeobgbkering the SIGNAL

scores from 2013 to 2021 there was a significant differdyetereen the SIGNAL scores for the

two treatments. The scores were on average higher in the referenes.sihe improved SIGNAL

scores also place the reference sites in a better Chessman SIGNAicatiass On average, at the

times of sampling, the reference site v }ve] & V }( Z% E} o u} & § }vs

and the discharge monitoring sites @% €} o <« A & }vs u]v 8]}v[ 82 A& %3]

most distant discharge monitoring site' ZYi6e AZ] Z A « 0 <<](] « Z% E} o0 u}
}vd u]v 8]}v[X o08Z}uPZ A Z A % E}IA[}E }T}RP]50 & Vv}WwPkPZ |E o

term mean SIGNAL scores (Table 20), these scores varied widetysitghi Consequently, these

rankings should be limited to emphasising that based on th&lSLGpproach, the reference sste

showed better ecological condition than discharge monitositgs Point 10, Point 12, Jutts, Pool

16 and Pool 32, rather than any specific gradient ranking.

3.7.3 Leptophlebiidae genera of interest (2016-2021)

Leptophlebiidae are recognised as sensitive macroinvertebrate taxa (Caed®995) The three
main Leptophlebiidae taxa of interegttelophlebiaspp Ulmerophlebiaspp andThraulophlebia
spp abundance for the nine sites from 2016 through toR2&2presented in Figu@2. As
indicated in Figur&2, both the abundance and the occurrence of all three Leptophdabigenera
were higher in the reference treatment than the discharge monitotregtment. It should be
noted that Leptophlebiidae abundance increased at GRQ1 and GREpBi8$m2021. There has

been a relative increase in the presence of the indicator specidsldpbiidae at downstream
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sites compared to previous surveys (Niche, 20Rnerophlebigspp was most abundant in
reference sites GRQ1 and GRUFS across all yaescophlebisspp were rarely observed in the
discharge monitoring sites, historically being recordeduits and GRQ18 in 201stelophlebian
2018 t 2021 has been more abundant compared to earlier years 2016-geigure32).
Atelophlebiaspp was detected in the discharge monitoring sites Pa@tJutts and Pool 16 in
Spring 2021. GRQ18 containgtklophlebiaspp andUlmerophlebiaspp and high numbers of
Atelophlebiaspp in Spring 2021 (25 individualShraulophlebiaspp was predominantly observed

in the reference treatment but was also presext downstream site GRQ18.

It has been suggested that specific Leptophlebiidae species argiwens conductivity (Cardno,
2010), leading to the recommendation by the Georges River Wgp&roup to examine this group
at the species level. The analysis of the 2016-2021 data ladsees thatAtelophlebiaspp,
Ulmerophlebiassppand Thraulophlebiapp were observed far more frequently and in higher
abundances in the reference sites. The analysis of the 2016-@82 showed an increase in all
Leptophlebiidae in GRQ1 and GRUFS in spring 26@bphlebiasppwere more abundant at
GRQ18 in 2018 and 2019 and again in 2020 and 2021 ih85R@hange was observed in that
Atelophlebiasppwas detected in low numbers at the discharge monitoring sitestPA@, Jutts
and Pool 16 in Spring 202Atelophlebiaspp remained rare however across all remaining
discharge monitoring sites in 2020 and 2021. Leptophlabiithve been reported to have
ecological habitat preferences including riparian vegetation slwader, low turbidity and flowing
water, riffle habitats (Corbin and Goonan 2010ptophlebiidae are known to have physical
habitat preferences and it is there for important to considee fthysical habitat features of the
sites, in addition to water flow and water quality where Legttebiidae are present rather than

water chemistry alone.
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3.8 Metabarcoding survey

This section describes the prokaryote, eukaryote and diatom naetaiaing diversity and

community structure for the sampling occasions Spring 26p8ing 2020 and Spring 2021. The
correlative patterns of the metabarcoded OTU communities on the sagpktcasions with the

water quality variables measured are also presented héne metabarcoding analysis performed

in Spring2020 and Spring 20210 E&oC Uu}veSE § SZ S Zv]<y [+ % ]SC S}
range of taxa regardless of the environmental conditionsohirast to the macrofauna survey,

the broad eukaryotes and prokaryotes metabarcoding datasets cadaseveral hundred taxa

(OTUs), capturing a wide breadth of prokaryotes and eukaryotes.

3.8.1 16S rDNA metabarcoding (prokaryotes)

Across the nine sites surveyed a total of 10,430 OTUs were déteger the years 2019, 2020
and 2021. In 2019, 9622 OTUs were detected, compared with 3@3Us and 10,155 OTUs in
2020 and 2021, respectively. The top 20 most abundant prokiarphyla detected at each site for
the years 2019 through 2021 are shown in FigdBeFigure35. In general, at the phylum level,
prokaryotic community structure was similar across all sitasalhyears surveyed, with the

Proteobacteria and Bacteroidetes being the dominant phyla observed.

At the family taxonomic level, however, some broad trends are agyacross the survey years.
The top 20 most abundant families are shown in Fi@&e Figure38 as bubble plots and have
been ordered by phylum. Prokaryotic families from the phylumdtisacteria accounted for ten
of the top 20 families detected. There are several prokaryotic fasihat increase in abundance
at monitoring sites relative to the reference sites, including Rhodobacteraceae and
Verrucomicrobiaceae. Conversely, there are also families that decreaskiive abundance at
the monitoring sites, including the Acidobacteria group 6 tredBradyrhizobiaceae. These
general trends were seen across the survey years. It is integetstinote that taxa from the
Rhodobacteracea have been reported to biodegrade xenobiotic argaristrates (Pujalte et al.,
2014; Siddavattam et al., 2011; Strnad et al., 2010). The fa@ilyicomicrobiaceae has had little
taxonomic research, in large part because of the problem of tirability (Yoon, 2014) but have
been identified as methane oxidisers (Guerrero-Cruz.e2@P1) Members of the Acidobacteria
family are commonly found in soils and are underexplored agagntaldlifficulties in culturing
(Kalam et al., 2020). Comparative genomic analyses of the Acidobacter&édeagvhat members

had metabolic versatility with the capacity to use a diversesctthn of carbohydrates, as well as
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inorganic and organic nitrogen sources possibly progididvantages in fluctuating nutrient
environments (Eichorst et al., 2018). The Bradyrhizobiaceae faamtgin taxa that are able to
use different nitrogen sources in their metabolism to perfdiration and/or other pathways of
nitrogen assimilation (Marcondes De Souza et al., 2014). HuyBizobiaceae are thus
important components of the biogeochemical nitrogen cycledarious environments and may

respond to disturbances in nitrogen levels.
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Figure33. Bubble plot of the top 20 most abundant prokaryotichipla (on average across all sites) for 2019.

% RA is % relative abundance shown as bubble size.
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Figure34. Bubble plot of the top 20 most abundant prokaryotichipla (on average across all sites) for 2020.

% RA is % relative abundance shown as bubble size.
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% RA is % relative abundance shown as bubble size
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% RA is % relative abundance shown as bubble size
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Prokaryote richness

Prokaryote richness for the nine sites over 2019, 20202021 is presented in Figuss.
Prokaryote richness exhibited a range of values across mest sieatments, and sampling
occasions (Figurg9). Generally, OTU richness was variable across the treatments avith n
significant difference between treatments in 2020 and 2021 @2ah). This was in contrast to the
Spring 2019 survey were there was significant difference betweekaryotic richness in

reference and discharge monitoring treatments (T&kile
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Figure39. 16S rINA bacteria and archae®TU richness from 2019, 2020 and 2021 OTUs.
The interquartile range (IQR) between the first and thivdudiles (25th and 75th percentiles, respectively) are repnésé by the boxes and the

line inside the box is the median. The whiskers repreti@mhighest and lowest values within 1.5 times the IQR ftioenfirst and third quartiles,

respectively. outliers exceeding these values are represkas points. Reference sites (blue) and discharge toramg sites (green).
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Table21. One-Way ANOVA results on 16S prokaryote richness and adachdance for reference and discharge

monitoring treatments.

é?cs;] r?e-l;l; Reference Reference rr'?;?&?{g; rrl?é?ﬁthoa:irgge One-Way ANOVA
mean + S.E. mean + S.E. F p-value
Spring 2019 2273 106 18%A a7 14 <0.05
Spring 2020 368 85 3423 156 1.3 0.27
Spring 2021 2789 133 2955 114 0.8 0.38
1,2§uag:nrciad Reference Reference rr'?;??::gg rrl?;?thoa:irgg One-Way ANOVA
mean + S.E. mean + S.E. F p-value
Spring 2019 14690 887 13969 431 0.68 0.4
Spring 2020 42130 5050 37713 4149 0.41 0.5
Spring 2021 28860 3392 30761 2740 0.17 0.7

Bold values represent p<0.05

Prokaryote community composition

The prokaryote community composition, at the OTU level, froenreference sites were markedly
different to those from the discharge monitoring sites #0519, 2020 and 2021. The separation of
reference from discharge monitoring site prokaryote communif@s2019, 2020 and 2021 is
visualised in the nMDS ordination plots in Figd@e There was a clear clustering of the reference
sites together, separad away from the discharge monitoring sst@=igure40). The reference site
GRUFS and GRQ1 cluster closer together, across all years,|gdytiol2020 and 2021, while
Point 11 is more separated. This may indicate the influenceh&fratischarge inputs from Appin
East but may also be indicative of geographical differences at Pbi The prokaryotic
communities observed at the discharge monitoring sites are rbavadly spread across the nMDS
compared to those of the reference sites which appear more ygtitistered (FiguréQ). In

general, however, the discharge monitoring sites showed a lyagichilar prokaryotic

composition that was separate from the reference sites.
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Figure40. nMDS of 16S OTU bacteria and archaea communities§20020and 2021).

a) Spring 2019; b) Spring 2020 c) Spring 2021. Analylesived from normalised abundance data at the leveDpgrational Taxonomic Unit (OTU).
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PERMANOVA tests were undertaken to investigét rDNA ©Ucommunity structure

differences in treatments and time. The results of the PERMANOVAsgtéstidifferences in
16SDNA community composition between sampling timepoints (Spri22020 and Spring
2021) and treatments are presented in TaBRe The visual separation of treatments observed in
the nMDS (Figuré0) is confirmed by the PERMANOVA which found a significéategite in
composition between the two treatments in Spring 2019 (PERMANB¥21 p<0.05), Spring
2020 (PERMANOVA: F3p<0.05 and in Spring 2021 (PERMANOVAL& $<0.05). Significant
differences in community composition were found with respextiine (season/year)
(PERMANOVA: F= 8, p<0.8ad treatment (reference or discharge monitoring), when tested
individually (Tabl@2). In addition, there was a significant interaction between time &neatment
(PERMANOVA: F73%0.05) (Tabl@2). PERMANOVA results also revealed significant differences
observed at the site level for prokaryotes (Appendix B; TableB31In 2019 all sites were
significantly different from each other except for Judtsd Point 12, these sites were more similar
in prokaryote composition. In 2020 all sites were sigaiitly different from each other. In 2021
most sites were significantly different from each other; theceptions were Point 12 and Jutts
which were not different from each other and Pool 16 andslatso had similar prokaryote
compositions.

Table22. Results of PERMANOVA testing for variation in 16S r@bamunity composition (2019, 2020 & 2021)

between timepoints (years), and treatments (reference gischarge monitoring).

Factor: source of df Pseudo-F P(perm) Unique
variation perms
Treatment (2019) 1 29079 21 0.0001 9901
Treatment (2020) 1 27784 19 0.0001 9892
Treatment (2021) 1 20354 18 0.0001 9913
Time (year) 2 12921 8 0.0001 9885
Treatment (2019- 1 59622 41 0.0001 9915
2021)

Time*Treatment 2 3932 3 0.0001 9807
Res 129 1248

Total 132

Df: degrees of freedom; MS: mean squares; Pse&@d®* upo3]A E] 3 v 0} P pstaigticof ¢ EI[ my@otiiesiss
P(perm): probability by permutations; Unique Perms: number of uniguenptations.

Bold values denote significance at p< 0.05.
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3.8.2 Relationships between prokaryotic community and water quality (?892021)

Correlation analysis is presented across all years as well eadb separate year. Prokaryotic
community structure and water quality variable correlations arvestigated using multivariate
statistics including distance linear models (DistLM). ThedfiRistLM was visualised using a
distance-based redundancy analysis (dbRDA) constrained ordir(&iigure41), demonstrating
the correlation of significant variables on the prokaryotenenunity for 2019, 2020 and 2021
datasets combinedThe distance-based analysis of tt&Sdata (2019-2021) found the measured
variables including conductivity, alkalinity, nickel, gBpper, total nitrogen, aluminium, and zinc
explained 70% of the total prokaryotic community variati®he distance-based analysis
investigating the correlative patterns of the prokaryoticraounity data with measured
environmental variables is shown in TaBE When examined collectively, the variables which
explained a significant proportion (p<0.05) of the prokaigyoommunity structure variation
across the period 2019, 2020 and 2021 included condtytiakalinity, nickel, pH and copper
(Table23). The variable which explained the most prokaryotic communityatian for 2019, 2020
and 2021 was conductivity, explaining 36% of the totalation. The dbRDA (Figu4é) for the
prokaryote community shows that axisl (dbRDA 1) is exppagpproximatelyt1% of the total
variation, mostly correlated with conductivity and axis BR©®A 2), mostly correlated with

alkalinity, is explaining approximatel% of the total prokaryote community composition.

Table23. Sequential test results of distance-based lineaode! (DistLM) for bacteria and archaea OTUs for 2019,
2020 and 2021 data

Variable AdjR  SS(trace) Pseudo-F P Prop%. Cumulative res.df
contribution
+ }v pu §]A]8C .. 034 11596 14.1 0.0001 0.36 0.36 25
+Alkalinity 0.44 3785.5 5.4 0.0001 0.12 0.48 24
+Nickel 0.46 1486.3 2.2 0.0061 0.05 0.53 23
+pH 0.49 1434.1 2.3 0.0056 0.04 0.57 22
+Copper 0.52 1292.7 22 0.0089 0.04 0.61 21
+Total Nitrogen 0.53 890.7 15 0.0733 0.03 0.64 20
+Aluminium 0.54 7376 13 0.1744  0.02 0.66 19
+Zinc 0.55 827.7 15 0.1021 0.03 0.69 18
+Cdoalt 0.55 5813 1.0 0.3979 0.02 0.71 17

SS(trace): sum of squares; Pseufl® Uupo3S]A E] S Vv o0}Pu 3} &]+Z o 0&ZE %5 }Frabaj ity ]PAives Z
the proportion of variation; res.df: residual degrees of freedom

Bold values denote significance at p< 0.05.
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Figure4l. Ordination plot derived from the distance-based mobiustrating the relationships between key

environmental variables and metabarcoded prokaryotesmposition from Spring 20192021.

Reference sites (blue) and discharge monitoringsgecen).

2019 prokaryote community relationships with water quayit

The fitted DistLM for the 2019 data was visualised usidigRDA constrained ordination (Figure
42), demonstrating the correlation of significant variables e prokaryote community for the
2019 sampling occasiomhe distance-based analysis investigating the correlative pattefithe
prokaryotic community data with measured environmental variable20h9 is shown in TabEk.
The distance-based analysis of the prokaryote data for 2008d the measured variables
including conductivitypH, nickel, and aluminium explainé8% of the total prokaryotic
community variationWhen examined collectively, the variables which significapi.05)
explained the variation in the prokaryotic community in 20&re conductivity (57%jpH (12%)
and nickel (8%) (Tab®). Figure42 shows that dbRDAL is explaining 58% of the total variation
and dbRDAZ2 is explaining 13% of the total biological vaniakmure42 also shows the discharge
monitoring sites at the right of the dboRDA1 correlated vatimductivity while a small proportion
is contributed by dbRDA2 which is shown to be driveptyrhe dbRDA presents conductivity
the main variable separating the discharge monitoring treatments fiteerreference treatments

in 2019.
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Figure42. Ordination plot derived from the distance-based mobidustrating the relationships between key

environmental variables and metabarcoded prokaryotesmposition from Spring 2019.

Table24. Sequential test results of distance-based lineaode! (DistLM) for prokaryote 2019 data

Variable AdjR SS(trace) Pseudo-F P Prop%. Cumulative res.df
contribution

+ }v u 8]A]I8C . 050 6242.5 9.1 0.0001 0.57 0.57 7

+pH 0.58 1308.2 2.3 0.013 0.12 0.69 6

+Nickel 0.63 927.7 1.8 0.046 0.084 0.77 5

+Aluminium 0.69 830.12 1.9 0.08 0.075 0.84 4

SS(trace): sum of squares; Pseudosf103]A (E] 5 v 0}Pu 3} &]+Z E[* &ZEL %5}3F 3] ¥ WV % Epopo]3C)
the proportion of variation; res.df: residual degrees of freedom

Bold values denote significance at p< 0.05.

2020 prokaryotic community relationships with water quality

The 2020 fitted DistLM was visualised using a dbRDA caredrardination (Figurd3),
demonstrating the correlation of significant variables on ginekaryote community for the 2020
sampling occasiamhe distance-based analysis of the prokaryotic community fdat2020 fouru
the measured variables including pH, conductivity, copaed, zinc explained 96% of the total
variation in prokaryotic community in 2020he distance-based analysis investigating the
correlative patterns of the prokaryotic community data with meaesi environmental variables in
2020 is shown in TabRb. When examined collectively, the variable which significantlyaned
the variation in the prokaryotic community in 2020 was pB%4 (Tabl&5). Of all variables

measured, pH showed the greatest contribution to the prok#igycommunity variation in 2020
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Figure43. Ordination plot derived from the distance-based mobiustrating the relationships between key

environmental variables and metabarcoded prokaryotesmposition from Spring 2020.

Table25. Sequential test results of distance-based lineaodel (DistLM) for prokaryote 2020 data

Variable AdjR SS(trace) Pseudo-F Prop%. Cumulative
contribution
+pH 0.38 3688.3 5.9 0.0013 0.46 0.46 7
+}v pu §]A]8C . 041 819 1.4 0.2154 0.10 0.56 6
+Copper 0.48 963.3 1.8 0.097 0.12 0.68 5
+Zinc 0.52 6854 1.4 0.2316 0.08 0.76 4
+Cdoalt 0.56 5978 1.3 0.3213 0.07 0.83 3
+Alkalinity 0.57 473.6 1.1 0.4571 0.06 0.89 2
+Nickel 0.66 526.6 1.6 0.3912 0.07 0.96 1
SS(trace): sum of squares; Pseufl® Upo3S]A E] S Vv 0}Pu 3} &]+Z EICO0KZEL %5}¥F 3]« ¥] WV ¥ E}

the proportion of variation; res.df: residual degrees of freedom

Bold values denote significance at p< 0.05.
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2021 prokaryotic community relationships with water quality

The fitted DistLM was visualised using a dbRDA constraioiaation (Figureld), demonstrating

the correlations of significant variables on the prokaryotenmunity for the 2021 data. The

distance-based analysis of the prokaryotic community dat2@@0 found the measured variables

including pH, aluminium, total nitrogen, alkalinity, cortivity, copper, and zinc explained 97% of

the total 2021 prokaryotic community variatiarThe distance-based analysis investigating the

relationships of the prokaryotic community data with measuestyironmental variables in 2021,

is shown in Table 26. When examined collectively, the varialiésh significantly explained the

variation in the prokaryotic community in 2021 were pH (5580d total nitrogen (9%). The

strongest variable which explained most of the prokaryotimgwinity variation in 2021 wgsH

again, like in 2020, explaining 55% of the total prokacycdmmunity variation. In 2020 and in

2021 pH was the dominant driver explaining variation inghakaryotic community composition.
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Figure44. Ordination plot derived from the distance-based mobidustrating the relationships between key

environmental variables and metabarcoded prokaryotesroposition from Spring 2021.
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Table26. Sequential test results of distance-based lineaodel (DistLM) for prokaryote 2021 data

Variable AdjR SS(trace) Pseudo-F P Prop%. Cumulative res.df
contribution
pH 0.49  4195.0 8.6 0.0001 0.55 0.55 7
Aluminium 0.54 785.1 1.8 0.055 0.10 0.65 6
Total Nitrogen 0.60 746.2 2.0 0.049 0.10 0.75 5
Alkalinity 0.62 457.7 1.3 0.30 0.06 0.81 4
}v u §]A]I3C . 0.65 429.0 1.3 0.32 0.06 0.87 3
Copper 0.68 404.8 1.3 0.33 0.053 0.92 2
Zinc 0.76 373.5 1.6 0.41 0.049 0.97 1

SS(trace): sum of squares; Pselfl® upo3]A E] § v o tespstaijticdftde GaI[ hySothesis; P: probability; Prop%:
the proportion of variation; res.df: residual degrees of freedom

Bold values denote significance at p< 0.05.

The key OTUs which contributed to the observed differencasianobial composition between
reference and discharge monitorisges can be seen from the SIMPER analyses (2&ple
SIMPER analysis explains the dissimilarity between treatmenti@ncosnposition. The top 10
prokaryote taxa which contributed most to the differencesween reference and discharge
monitoring treatments for the sampling years 2019, 2020 an2{12ére presented in Tab®&/ and
their taxonomic assignments are listed in Tabe These data are presented relative to the mean
of the reference sites, such that a positive value indicatesierease in relative abundance
compared to the reference site mean and a negative value indicatesraake in relative

abundance compared to the reference site mean.

Generally, these data indicate that there are a large number of OTatisute positively affected at
all downstream monitoring sites, however, there are also some @ffaisare negatively affected

at monitoring sites. Some OTUs have also been identified as sloveissimilarity in multiple

years. In some instances, probably contamination by potem trees, or plant material located

on the riverbank have been identified (e.g., OTU Stdeptophytasp | Coffea arabicat Pool 16;
OTU_5Streptophytasp | lllicium oligandrumat Jutts in 2020 and 2021; OTU_28: Streptophyta sp
| Chara vulgaris It should be noted that some OTUs listed in T@Blée.g., OTU_9, OTU_17,
OTU_44) have low similarity to the closest species in GenBarikh(%g, indicating that these

OTUs are likely to be novel organisms.

Of the OTUs that increased in the monitoring sites, OTU_3 and OThtré8sed in all monitoring
sites in 2019 through to 2021. OTU_8 increased in 2080 and 2021. OTUs 23 and 25 increased
in 2020 and 2019, respectively. OTU_3 was identified as thendi@t@eodactylum tricornutumit
should be noted that bacterial 16S rDNA primers also have hiiglityafor eukaryotic plastid DNA
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(Gan et al., 2019). These primers also often co-amplify nortaepuences from chloroplasts
and mitochondria (Gan et al., 2019). OTU_3 increased in all gearsnitoring sites and this may
be due to increased availability of nutrients. OTU_10, isedl&d Povalibacter uvaruma Gram-
negative aerobic chemo-organotroph that is capable of degrapatgvinyl-alcohols (Nogi et. al.,
2014) and may be able to access carbon from other complex synihaimers. OTU_8 is closely
related toTabrizicola aquaticaa Gram-negative bacterium isolated from a potentially disturbed
lake near the city of Tabriz, Iran (Tarhriz et al., 2019%. dilganism has been shown to be able to

produce bacteriochlorophyll and is able to grow photoswtitally. OTU_25 is poorly

& /E}viu] 00C E +}oA U J&[+ 0} & EE XZ0]gP « <&[EZdmepas] U

arvi from the familyBurkholderiaceaélLin et al., 2021), isolated from soils and shown to harbour
xenobiotic-metabolising genes. Other members of the fauykholderiaceaare ecologically
significant due to their ability to metabolise aromatic compdsrfHameed et al.2019; Wilhelm et
al.2@®0). OTU_23 is related tolesulfobulbus propionic{®SM 2032) isolated from a sulfate-
reducing fluidisedsed reactor used for treating acidic metal-containing wastewgt&ksonen et
al., 2004). This taxon is known to oxidise elementalstif sulfate and reduce sulfate to sulfide
(Lovely and Phillips, 1994) and been implicated in sulfumgytl aquatic sediments (Pagani et al.,
2011). Similarly, OTU_19, a taxon relatedTtbiobacillus thioparu@Boden et al., 2012), may also

be involved in sulfur cycling, although it had a variabponse across the monitoring sites.

Of the OTUs that decreased in the monitoring sites, there were ioat decreased in all three
survey years examined here. In all cases where an OTU decreaskddtidionly one survey year.
In 2019 a marked decrease in OTU_QB4dra vulgarisa common green macro-algal species) was
seen. In 2020 a marked decrease in OTW&s6ilia namucuonengigkong et al., 2013), and in
2021 decreases in OTUsRe(iculibacter mediterrang(Yabe et al., 2095nd 13 Bradyrhizobium
lupini) (Peix et al., 20D5vere seen. These OTUs are the only few taxa that respond negativaely
universal way and may potentially be putative indicator taxaeiovironmental disturbance as

they responded negatively at all the monitoring sites.

Several OTUs had variable responses at the monitoring sites,rghbwaih increases and
decreases relative to the reference mean. This could indicate tleatrthitiple factors may be
contributing to responses. These factors could be geogeabHight conditions, vegetation

particular to the monitoring site.
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Table27. SIMPER results illustrating the tal0 prokaryotes that account for most of the dissimilargs between the

reference and discharge monitoring sites (2019, 2020 20641).

Change from Mean Reference

Year Taxon g:?er:ence POINTIO POINT12 JUTTS POOL16 POOL32 GRQIS Comment

2019 OTU 3 0.919 3881  4.961 5.891 6701  3.451 0213 Mostly increased at monitoring site:
OTU_ 28 4.92 Decreased at all monitoring site
OTU 44 000175 -0.00175 0.02005 0.03305 0.00091  -0.00175 Probable pollen contaminatior
OTU_10 0.109 1831  1.641 4.481 2241 1101 1.331 Increased at all monitoring site:
OTU_16 0317 4783 2133 0983  -0159 0602  -0.2369 variable response at monitoring site
oTU 7 1.46 214 1.08 223 018 159 0.45 Variable response at monitoring site
OTU_4 0.149 1071 1241 1871 1041 0786 0.881 Increased at all monitoring site:
OTU 17 000336 002324 002954 065264 003234 003424 3.68664 Y2rableresponse at monitoring site
OTU 25 00046 08074 10954  1.8654  0.8954 07224 07114 Increased at all monitoring site:
OTU_19 0.138 0788 0822 1032 1032 0301 0.04g V2riableresponse at monitoring site

2020 OTU 3 0.81 2.09 161 -0.004 0.36 16 Variable response at monitoring site
oTU 5 00259 -0.02302  0.0344 37841 -0.0033 02091 variableresponse at monitoring site
oTU 6 3.15 Decreased at all monitoring site
oTU_ 7 1.23 0.91 0.42 0.63 211 0.78 154 Variable response at monitoring site
OTU_10 00387  1.6613 10913  1.6313 06583 06443  0.0365 Increased at all monitoring site:
oTU 8 00981 05439 10319 15819 09119 0.2369 1.4319 Increased at all monitoring site:
OTU_ 19 0371 0859 0217  -0.158 1969  0.132 0001 Variable response at monitoring site
oTU 4 0.114 0873  1.036 1.386 0634 0537 0.04 Variable response at monitoring site
oTU 23 00335 03765 05105 17565 00377 01245 03135 Mostlyincreased at monitoring site:
OTU 14 0.438 0572 0112  -0.383 002 0252 1452 Variableresponse at monitoring site

2021 OTU 9 4.04 Decreased at all monitoring site
oTU_7 254 1.77 0.55 216 176 0.76 0.75 Variable response at monitoring site
OTU 5 0145  -0.1327 033| 635 0085 0015  -0.1092 Probable pollen contaminatior
oTU 3 0.52 1.79 3.39 1.99 0393 054 1.02 Increased at all monitoring site:
oTU 17 00093 00109 03537 00161 00246 0.0162 Increased at all monitoring site:
oTU 8 00864 25636 07296  0.6146  3.1136 14936  0.6346 Increased at all monitoring site:
OTU 13 231 2071 2008  -2.115 1,99  -1.889 -0.01 Decreased at all monitoring site
OTU 12 000876 | 542124 011424 000854 045324 001604 008344 Yarableresponse at monitoring site
OTU_ 15 0.048 0799 1572 1.122 3162  0.224 0.09g Variable response at monitoring site
OTU_10 0.034 2736 1576 1.566 0966 0578 0.196 Increased at all monitoring site:
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Table28. List of OTU, closest taxonomic assignment and chado that account for most of the dissimilarities

between the reference and discharge monitoring sites (202020 and2021).

Taxon Closest species Match %

OTU_3 Bacillariophytasp Phaeodactylum tricornuturtEF067920)) 98.4

OoTU_4 Burkholderialesp (NoviherbaspirillundenitrificansTSA40 94.5
(NR 157007))

OTU_5 Streptophytasp (llicium oligandrum(EF380354)) 100

OTU_6 Massilia namucuonensg33-1-0411(NR 118215) 100

OTuU_7 Comamonadaceasp Azohydromonas riparid CM11 (NR 98.8
149203))

OoTU_8 Rhodobacteraceasp {Tabrizicola aquaticRCRI19 (NR 100
117979))

OTU_9 Ktedonobacteralesp Reticulibacter mediterrandi50040 87.7
(NR 173686))

OTU_10 Povalibactersp Povalibacter uvarunZumi37 (NR 126172)) 96

OTU_12 Cyanobacteriap 'ychonema bourrelfCCAP 1459/11B (NF 100
112123))

OTU_13 Bradyrhizobium lupindSDA3051 (NR134836) 100

OTU_14 Georgfuchsia toluolic&5G6 (NR15995) 99.2

OTU_15 Luteolibacter gellanilyticus B286403(NR 158117) 98.4

OTU_16 Bacillariophytasp Phaeodactylum tricornutuntEF067920)) 97.6

OTU_17 Cyanobacterisp Kenococcus spongiosurAU-MAC 0615 91.3
(NR 172570))

OTU_19 Thiobacillus thioparuNR117560) 99.6

OTU_23 Desulfobulbusp Desulfobulbus propionici3SM 2032 DSM 95.3
2032(NR 042971))

OTU_25 Burkholderialesp Zeimonas arMCGCFT501 (NR 173635)) 94.1
OTU_28  Streptophytasp Chara vulgarigDQ229107)) 98
OTU_44  Streptophytasp Coffea arabicdEF044213)) 93.7

3.8.3 18S V7 rDNA metabarcoding (broad eukaryotes)

Sequencing data from 2019 in addition to 2020 and 20&2fevincluded in the 18S V7 rDXAU
broad eukaryote analysis to make comparisons of OTUs compsséidhe study sites and
treatments over time. Across the nine sites surveyed, the broad gokes dataset contained
2,026,809 reads encompassiingB OTUs in 2019, 948 OTUs in 2020 and 915 OTUs in 26248r
phyla and 388 unique families. Th8SV7 rDNA broad eukaryote marker provided comprehensive
coverage of eukaryotes for the sampling time points. The topgpWvhich made up the bulk of the
broad eukaryote community across the whdl@SV7 rDNA data set were Bacillariophyta (18%),
Arthropoda (18%), Streptophyta (13%) and Annelida (10%). It¢beunoted that some OTUs
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could not be assigned taxonomy to genus or species leveltiierenBank reference database,
in these cases the higher confident taxonomic level assignmentigexsto describe OTUS.

The mainphyla present in 2019, 2020 and 2021 across sites and thgvelread abundances of
taxonomic groups for each site are shown in Figure 45, &diand Figuré7. The bubble plots
show the main kingdoms and the main eukaryote phyla on the xedutige plot. The bubble plots
show, Animalia such as Arthropoda including macroinvertebrates and Aten@horms) were
common across sites for 2019, 2020 and 22 all years, the algae, Bacillariophycédiatoms)
relative abundances were higher at discharge monitoring sitegreas fungi, such as
Ascomycota, were higher in the reference sites than in the digghmonitoring sites for all years.
This pattern of fungl taxa reducing at the discharge monitoring siteay be a combined effect of
differences in the physical ecosystem, elemental and carborcesuhabitat conditions and water
quality. In 2019 Bacillariophyta were higher at Point 10 tbtrer sites. In 2019 Streptophyta
were high in the reference sites and at Pool 16.

In 2020 and 2021, Ciliophora relative read abundances wefeehin the reference site
compared to the discharge monitoring sites. Cercozoa (fréegli@moeba-like protozoa) have
higher relative abundances in the reference sites compared to thehdrge monitoring sites.

In 2020 fungi and ciliates were more abundanthe reference sites. In 2020 Molluscs and
Annelida worms showed higher relative read abundance at Poilh1ZD20 some taxa were
consistent in relative read abundance across all sites for exaRlptyhelminthes (flatworms)
Arthropoda read abundance increased at downstream the dischaggtoring sites Pool 16,
Pool32 and GRQ18. In 2020 Bacillariophyta diatoms were higktee discharge monitoring site
In 2020 Apicomplexa (parasitic micro-eukaryote) relative read adrel was higher in Point12
and Jutts. Arthropoda increased at Pool 16 and Pool32 ingp020 which suggests that there
are potential physical habitat features preferential to arthropaat these pools. Streptophyta
abundances were variable across sites in 2020. Chlorophyta (gtgae) were high at GRQ18
compared to all other sites in 2020.

In 2021, Bacillariophyta were lower in the reference sites aotkased in read abundance in the
discharge monitoring sites. Ascomycota fungi were more abuniue@RQ1 and GRUFS in 2081
2021 Streptophyta microeukaryote relative abundances were hightéra discharge monitoring
siteswhereas Chaonozoa were present in reference sites and rare isisbbarge monitoring
sites. In 2021 Annelida, cnidaria and molluscs were more anirat Point 10 than other sites,
suggesting the physical, riparian conditions and waterigugdatures of Point 10 may be more

suitable for higher abundances of worms, freshwater cnid@maira) and molluscs.
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Figure45. Bubble plot of the top 20 most abundant eukaryote Pl (on average across all sites) for 2019.

% RA is % relative abundance shown as bubble size.
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Figure46. Bubble plot of the top 20 most abundant eukaryote Pl (on average across all sites) forZn

% RA is % relative abundance shown as bubble size.
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Figure47. Bubble plot of the top 20 most abundant eukaryotfehyla (on average across all sites) 2621

% RA is % relative abundance shown as bubble size.
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Eukaryote richness

The broad eukaryote richness for the nine sites over 20090 and 2021 is presented in Figure
48. Eukaryote richness exhibited a range of values across mest sgatments, and sampling
times (Figuret8). Generally, OTU richness was higher in the reference treatmentsasechfo

the discharge monitoring treatments (Figut8) but there was only a statistically significant
difference in richness between treatments in Spring 2021 (T2@)leFigure48 shows a general
trend of broad eukaryot®©TU richness changing with time with an increase in disaharg

monitoring richness i202Q then a reduction in discharge monitoring richness in1202

The broad eukaryote mean read abundance for the treatments oved,22020 and 2021 is shown
in Table29. Read abundances were significantly different between the twatinents reference
and discharge monitoring for all years 2019, 2020 and.208e discharge monitoring treatment
had higher broad eukaryote read abundances than referere&ttnent for all years (TabR9)

suggesting high abundance ddlower overall number of eukaryote taxa

The richest site, with the highest number of OTUs was Poiim 2021 (180 OTUs), followed by
GRUFS in 2020 (170 OTUs) and the sites with the lowest ricfmenber of OTUs) were Jutts in
2019 (63 OTUs) and Pool 16 in 2021 (78 OTUs). The most filgcqumaurring OTU which occurred
across the greatest number of samples was OTHaplotaxida order, Annelidahyla, which was
present in 123 of the samples across 2019 to 2021 yearsorblael eukaryote OTU which was
most abundant 285,483 reads) across the dataset was OZWhich had the closest taxonomic
match to Haplotaxida order (Annelida phyla). Haplotaxida arerderaf freshwater oligochaete

worms (Stimpson and Klemm, 1982).
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Figure48. Broad eukaryote OTU richness from 2019, 2020 and 20ZUs.

Reference sites (blue) and discharge monitoring sites (green)

Table29. One-Way ANOVA results on eukaryote richness and reathdance for reference and discharge

monitoring treatments.

euka_ryote o1 Reference Reference Dlsc_:ha_rge D|sgha_rge One-Way ANOVA
Richness monitoring monitoring
mean + S.E. mean + S.E. F P-value
Spring 2019 87 12.1 71 5.3 2 0.16
Spring 2020 141 15.6 115 9.4 2.2 0.15
Spring 2021 146 11.4 100 5.4 16.9 <0.05
eukaryote OTU Reference Reference Dlsc_:ha_rge D|sgha_rge One-Way ANOVA
read Abundance monitoring monitoring
mean + S.E. mean +S.E. F P-value
Spring 2019 19141 2760.6 26532 1813 5.3 <0.05
Spring 2020 14118 3479 2715 26448 8.3 <0.05
Spring 2021 15314 1417.7 26140 28166 6.9 <0.05

Bold values denote significance at p< 0.05.
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Eukaryote community composition

The multivariate analyses of the broad eukaryote metabarcoding desalg showed that the
eukaryote composition at reference sites was markedly differernhaseat discharge monitoring
sites (Figuré9). The eukaryote communities from the reference sites were marketfsreint to
those from the discharge monitoring sites for 2019, 2@2d 2021. The separation of reference
from discharge monitoring site eukaryote communities fot 202020 and 202Were visualised
by the nMDS ordination plots in Figut8. The ordinations in Figure 49, present a clear clustering
of the discharge monitoring sites together, which is segagaaway from the reference sites.
PERMANOVA tests were undertaken to investigate eukaryote communitywst differences in
treatments and time. The results of the PERMANOVAs testing foregtiffes in eukaryote
community composition between sampling timepoints (Spring 2@D20 and Spring 2021) and
treatments are presented in TabB8. The visual separation of treatments is confirmed by the
PERMANOVA which found a significant difference in compo&iétmeen the two treatments in
Spring 2019 (PERMANOVA: F= 11.8, p<0.05), Spring 2020 (PERMANB®Y p<0.0%nd in
Spring 2021 (PERMANOVA: F= 15.5, p<0.05). Significant dé¢fenermommunity composition
were found with respect to time (season/year) (PERMANOVA: F=D.®3and treatment
(discharge monitoring or reference), when tested individu@ligble30). In addition, there was a
significant interaction between time and treatment (PERMANOVA: Fp80005) (Tabl&0).
Eukaryote community differences between sites were analysed aviairwise PERMANOVA
(Appendix B, Tables B86). The PERMANOVA results revealed significant differences/eldsar
the site level for eukaryotes (Appendix B, TaliddsB6). In 2019, all sites were significantly
different from each other except for GRQ1 and GRUFS referencgetbées sites were more
similar in eukaryote composition. In 2020, most sites wegaiicantly different from each other
except for GRQ1 and GRUFS which were similar again, Point 1RbR@&Gvere similar and finally
Pool 16 and Pool 32 had similar eukaryote compositiong024 2nost sites were significantly
different from each other, the exceptions were Point 12, Jattd Pool 16 were not different from
each other these sites had similar eukaryote compositionsoinmon with the traditional
macrobenthic data, the sequenced broad eukaryote communities frondigeharge monitoring

treatment were more similar than they were for the reference site
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a) 2019nMDS

b) 2020 nMDS c¢) 2021 nMDS

Figure49. nMDS of broad eukaryote communitie2019 2020 and 2021).
a) Spring 2019; b) Spring 2020 c) Spring 2021. Analyisived from presence/absence data at the level oé@ponal Taxonomic Unit (OTU).

Table30. Results of PERMANOVA testing for variation in breadkaryote community composition (2012020and

2021) between timepoints (years), and treatments (referamvs discharge monitoring).

Factor: source of variation df MS Pseudo-F P(perm) Unique perms
Treatment (2019) 1 24978 11.8 0.0001 9903
Treatment (2020) 1 16519 8.2 0.0001 9897
Treatment (202) 1 26794 15.5 0.0001 9911
Time (year) 2 18268 75 0.0001 9849
Treatment 1 52830 231 0.0001 9897
Time*Treatment 2 7673 3.9 0.0001 9813
Res 128 1950

Total 133

Df: degrees of freedom; MS: mean squares; Pse@d®* Up03]A E] 3 VvV 0}PU 3} &]ZZEJH®BO Z CAo}S BV }(
P(perm): probability by permutations; Unique Perms: number of unicgurenptations.

Bold values denote significance at p< 0.05.
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3.84 Relationships between broad eukaryotes and water quality (82021)

Broad eukaryote community structure and water quality varialdeelations were investigated
using multivariate statistics including distance linear eledDistLM)Correlative patterns are
presented here using the biological and chemical data for theetlyears presented on one
dbRDA as well as presenting the DistLM and dbRDA results foseparate yearThe fitted

DistLM was visualised using a dbRDA constrained ordin@igare50), demonstrating the
correlation of significant variables on the eukaryote commyifatr 2019, 2020 and 2021 dafghe
distance-based analysis investigating the correlative pattefitiseoOTU community data with
measured environmental variables is shown in T&dleApproximately 55% of the variation in the
2019, 2020 and 2021 18S broad eukaryote community data dmukplained by the
environmental variables measured. When examined collectively, thablas which explained
significant variation in the broad eukaryote community datauded pH, zinmickel, conductivity
alkalinity, and copper (p<0.05) (Tal3®), however the variable which contributed the most to the
eukaryote variation was pH (26%). The composition of the waiality variables driving Point 10,
Point 12, Jutts, Pool 16 and Pool 32 in 2020 were diffaeeR021. The discharge monitoring ste
also differed to those for GRUFS, GRQ1 and Point 11. The dbig&50) for the eukaryote
community shows that dobRDA 1 is explaining approximatelyd8pe total variation and dbRDA

2 is explaining approximately 10% of the total eukaryote comitguwomposition.
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Figure50. Ordination plot derived from the distance-based modilustrating the relationships between key

environmental variables and metabarcoded 18S broadkatyotes composition from Spring 2012021,

Reference sites (blue) and discharge monitoringsggecen).

Table31. Sequential test results of distance-based linear nedDistLM) for broad eukaryotes for 2019, 2020 and
2021 data

Variable AdjR SS(trace) Pseudo-F Prop%. Cumulative  res.df
contribution
+pH 0.23 10805 8.7 0.0001 0.259 0.26 25
+Zinc 0.28 3326.8 29 0.0002 0.080 0.34 24
+Nickel 0.32 2513.3 2.3 0.0016 0.060 0.40 23
+ }v pu 8]A]8C . 0.34 1694.2 16 0.041 0.041 0.44 22
+Alkalinity 0.36 1697.3 1.6 0.025 0.041 0.48 21
+Copper 0.38 1677 17 0.024 0.040 0.52 20
+Cdoalt 0.38 1067.7 11 0.36 0.026 0.55 19

SS(trace): sum of squares; Pseufl®W UpOo3S]A E] S Vv 0}Pu 3} &]+Z EICO0KZEL %5}EF 3] ¥ | WW B E} o]
the proportion of variation; res.df: residual degrees of freedom

Bold values denote significance at p< 0.05.
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Spring 2019 broad eukaryotes relationships with waterayjity

The fitted DistLM was visualised using a dbRDA constraioitation (Figuré1), demonstrating
the influence of significant variables on the eukaryote comryufar 2019. The correlative
patterns of theOTU community data with measured environmental variables in 201®wer
analysed by DistLM sequential tests and results are showable32. Approximately96% of the
variation in the Spring 2019 broad eukaryote community datddbe explained by the
environmental variables conductivity, aluminium, nickel, ghig,zopper, and total nitrogen.
When examined collectively, the variables which explained signifivariation in the broad
eukaryote community data included conductivity and aluminiusQ(p5). The variable which
explained the most variation was conductivity, which explaifa@#o of the total variation in the
2019 eukaryote communities, while aluminium explained 15% ofdta variation The dbRDA
ordination (Figuré1) shows the discharge monitoring sites positioned to ilgatrof the doRDA 1
axis, driven by conductivity, while the reference si@RQ1 and GRUFS remain on the left of the

dbRDAZ1 axis showing a negative relationship with condugtivit

Figure51. Ordination plot derived from the distance-based mobidustrating the relationships between key

environmental variables and metabarcoded 18S broadkatyotes composition from Spring 2019.

Reference sites (blue) and discharge monitoringsgeeen)
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Table32. Sequential test results of distance-based linear ne@DistLM) for broad eukaryotes OTUs for 2019 data.

Variable AdjR SS(trace) Pseudo-F P Prop.% Cumulative res.df
contribution
= }v u §]A]§Q 0.32 5396.4 4.7 0.001 0.40 0.40 7
+Aluminium 0.40 2033.9 20 0.007 0.15 0.55 6
+Nickel 0.48 1624.7 19 0.052 0.12 0.67 5
+pH 0.55 1338.2 18 0.11 0.10 0.77 4
+4nc 0.60 1036.8 16 0.22 0.08 0.85 3
+Copper 0.69 9632 1.8 0.23 0.07 0.92 2
+Total Nitrogen 0.70 5432 11 0.48 0.04 0.96 1
SS(trace): sum of squares; Pseudo-F: multivariate analog@dt&Z E[e & S 5 S S]5] }( §Z

the proportion of variation; res.df: residual degrees of freedom

Bold values denote significance at p< 0.05.

Spring 2020 broad eukaryotes relationships with water dia

VUGS ¥ QB Zo 9 WV

The fitted DistLM was visualised using a dbRDA constraiwkaation (Figuré?2), demonstrating

the influence of significant variables on the eukaryote comryufar 2020. Approximately 95% of

the variation in the Spring 2020 18S broad eukaryote commuigit§ could be explained by the

environmental variables pH, zinc, nickel, copper, aluminiata) hitrogen and cobalt. The

correlative patterns of the OTU community data with measured emvirental variables in 2020

were analysed by DistLM sequential tests and results are simwable33. When examined

collectively, he variable which explained significant variation in the breattaryote community

data once again included pH, explaining 42% of the total eokamariation. The ordination

(Figure52), shows pH driving the separation of the green discharge toong sites in 2020.

discharge monitoring sites positioned to the right b&tdbRDA 1 axis, driven by pH, while the

reference sites remain on the left of the dbRDA1 axis showing atimegelationship with pH for

the reference sitesThe composition of the water quality variables driving PahhtPoint 12Jutts

Pool 16 and Pool 32 in 2020 were different to 2021 anddiseharge monitoring sites also
differed to those for GRUFSRQ1 and Point 11.
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Figure52. Ordination plot derived from the distance-based mobidustrating the relationships between key

environmental variables and metabarcoded 18S broadkatyotes composition from Spring 2020.

Reference sites (blue) and discharge monitoringsggeeen)

Table33. Sequential test results of distance-based linear n@@DistLM) for broad eukaryotes OTUs 2020 anly

Variable AdjR SS(trace) Pseudo-F P Prop%. Cumulative res.df
contribution
+pH 0.34 387 5.1 0.0007 0.4 0.42 7
+Zinc 0.37 930 13 0.19 0.1 0.52 6
+Nickel 0.39 874 13 0.27 0.1 0.62 5
+Copper 0.44 909 1.4 0.20 0.1 0.72 4
+Aluminium 0.49 837 14 0.26 0.09 0.81 3
+Total Nitrogen 054 681 13 0.36 0.07 0.88 2
+Cdoalt 0.6 600 13 042 0.07 0.95 1

SS(trace): sum of squares; Pseufl® upo3]A E] S v o}Pu 3} &]+Z @Ehypéthésis3P: probghility; Py¢p%z
the proportion of variation; res.df: residual degrees of freedom

Bold values denote significance at p< 0.05.

Spring 2021 broad eukaryotes relationships with water gital
The fitted DistLM was visualised using a dbRDA constraini@uation (Figuré3), demonstrating

the influence of significant variables on the eukaryote comryuiair 2021. The correlative
patterns of the eukaryote OTU community data with measured enwiental variables in 2021
were analysed by DistLM and results are shawhable34. Approximately 83% of the total

eukaryote OTU community variation was explained by the measwaedbles including pH,

Georges River Aquatic Health Monitoring Program: Rep@®22 | 115



aluminium, total nitrogen, nickel, and copper in Sprif@ 2 When the measured variables were
examined collectively, the variables which explained the mosamsute community variation was
again pH (46%) and aluminium which explained a smaller propafti@@%. The ordination
(Figure53) shows the discharge monitoring sites positioned to figatrof thedbRDA 1 axis,
driven by pH, while the reference sites remain on the left ofdbBRDA1 axis showing a negative

relationship with pH for the reference sites

Figure53. Ordination plot derived from the distance-based mobidustrating the relationships between key

environmental variables and metabarcoded 18S broadkatyotes composition from Spring 2021.

Reference sites (blue) and discharge monitoringsggeeen)
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Table34. Sequential test results of distance-based lineaode! (DistLM) for broad eukaryotes OTUs for 2021 data.

Variable AdjR SS(trace) Pseudo-F Prop%. Cumulative res.df
contribution

+pH 0.39 5442 6.0 0.001 0.46 0.46 7

+Aluminium 0.45 1410 1.7 0.036 0.12 0.58 6

+Total Nitrogen  0.51 1281 18 0.059 0.11 0.69 5

+Nickel 0.55 937 14 0.221 0.08 0.77 4

+Copper 0.55 687 1.0 0.463 0.06 0.83 3

SS(trace): sum of squares; Pseuf® UupoS]A E] § Vv o}Pu 8} &]*Z EUO0&ZEL ¥E}1SET 3] ¥ WV &8 E}
the proportion of variation; res.df: residual degrees of freedom

Bold values denote significance at p< 0.05.

The key OTUs which contributed to the observed differencesikaryote composition between
reference and monitoring sites can be seen from the SIMPER anéld#s35). The top 10
eukaryote taxa which contributed most to the differences betweeference and discharge
monitoring treatments for the sampling years 2019, 2020 an2ll2fre presented in Tab&b and
their taxonomic assignments are listed in Table 36. These data arenpedsrelative to the mean
of the reference sites, such that a positive value indicates erease and a negative value
indicates a decrease. It should be noted that some OTUs couldenas¢signed taxonomy to genus
or species level from the GenBank database, in these cases tier bignfident taxonomic level
assignment was used. Tal#B shows a large number of OTUs which are having variable responses
at discharge monitoring sites at the sampling occasions 22020 and 2021. In 2019 OTY_8
likely aNavicula spmostly showed a positive response (increased in relative admge) in the
SIMPER analysis for the discharge monitoring sites, with sitestincreasing in abundance in
relation to the mean reference TabB6. In 2019 OTU_16 assigned\dayamaea atomusa
benthic diatom from family Naviculacae and OTU Q4ll{stina pandaan Ephemeroptera
invertebrate,from the family Caenidae showed increases at all Discharge Mimgjtsites from

the mean reference. Ephemeroptera such as Caeniclaamonly occur in slow flowing silty
freshwater areas typically dwelling in leaf packs, on logsnamacrophytes (Suter et al., 2002).
OTU_4 $tenocypria spa crustacean ostracod, showed increases at the downstream sit¢ 820
and GRQ18. OTU_Frntomoneis ornatebenthic diatom taxa, increased at the upper reaches
discharge sites (Point 10, 12 and Jutts) and decreased witdnde, decreasing at the most
distant site GRQ18. The OTU_9 (Cyclopoida, copepod) crustace@dstne highest change from
the mean at Jutts. In 2019 OTU Ndtélla capillarifreshwater green macro-algae, decreased at

all discharge monitoring sites.
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In 2020 OTU_&Naviculg Naviculacae diatom, increased at all discharge monitoring siiétl_14
(Caespitella paschgmreen algae species, increased only at site GRQ18. OTU_2 (Hdplotaxi
worms, and OTU_1Physella acutgan invasive freshwater mollusc, were higher at Point 10,only
relative to the reference mean, in 202Physella acutare lunged, breathing freshwater snails and
are generally more tolerant of polluted conditions (Spyra et20119) Physella acutare known

for metal concentration tolerance arféhysella acutdave been used to study bioaccumulation of
metals in freshwater ecosystems (Adewunmi et al., 199@plotaxida are common annelid,
oligochaete worms. In 2020 the SIMPER analysis showed theeenoédTUs which reduced at all
Discharge Monitoring sites. In 2020 OTU_Rgdra vulgariya freshwater cnidarian and OUT_11
(Potamogeton crispysn aquatic macrophyte, mostly decreased in the discharge mongaiies

but did not decrease for all sites.

In 2021 there were no OTUs which increased at all dischaogp&oning sites. OTU_2

(Haplotaxida) and OTU_%ypha angustifolig which is an herbaceous wetland plant, did however
increase at most discharge monitoring sites. This increaseb@malye to bank conditions, as well
as sediment and benthic structure changes at the discharge nromgtsites. OTU_10

(Dolerocypris sinengian ostracoda, increased with distance from discharge and wagiig

Pool 32. In 2021, OTU_2@gntaphlebia sjheptophlebiidae) and OTU_Rdticulascus

tulasneorun) decreased relative to the reference mean at all discharge monitsiiag.
Reticulascus tulasneoruie an ascomata funguknown to grow on decaying wood, suggesting the
conditions in the reference sites are more suitable for ascomatgifto cycle carbon from
decaying vegetation in the reference sites. The OTUs 20 and 2Zhgdier in the reference sites

than the discharge monitoring sités 2021.
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Table35. SIMPER results illustrating the tal0 eukaryote taxa which contributed to differences betvea the

reference and discharge monitoring sites (2019, 2020 &027).

Change from Mean Reference

Taxon II\?A:{aerrlence POINT10 POINT12 JUTTS POOL16 POOL32 GRQ18 Comments

2019 OTU_4 0.0354 0.0 0.0 0.0 3.5 17.9 Variable response, increase with distance
OTU_6 24.1 Decreased at all monitoring sites
oTu_7 0.211 31.0 13.1 7.9 1.3 1.6 0.0 Mostly increased, decreased with distance
OoTU_2 9.49 -9.1 -6.3 -5.5 -9.3 -9.2 9.1 Variable response at monitoring sites
OoTuU_8 0.379 17.7 2.4 14.3 25 4.2 8.8 Mostly increased at monitoring sites
oTU_9 0.0705 3.4 12.2 24.0 4.4 1.3 0.0 Variable response at monitoring sites
oTu_10 7.11 -7.1 -7.0 -7.1 -7.1 8.0 -0.6 Variable response at monitoring sites
OTU_5 0.369 -0.4 -0.3 5.3 13.6 3.1 -0.1 Variable response at monitoring sites
OTU_16 0.0336 3.2 1.6 4.1 10.7 3.7 0.1 Increased at all monitoring sites
OTU_17 0.091 0.4 7.9 2.2 6.3 3.2 0.1 Increased at all monitoring sites

2020 OTU_14 0.75 -0.2 0.1 0.1 -0.5 -0.7 - Variable response, increase at GRQ18
OoTuU_8 0.627 3.9 5.3 0.9 7.1 20.5 4.7 Increased at all monitoring sites
OoTu_11 2.83 16.6 -0.3 Mostly decreased at monitoring sites
OTU_13 0.267 -0.2 -0.1 -0.2 121 14.3 0.1 Variable response at monitoring sites
oTU_2 1.66 16.7 -0.4 -0.7 -0.5 0.4 2.2 Variable response at monitoring sites
OTU_12 0.334 18.5 -0.1 0.0 -0.3 -0.2 -0.1 Variable response, decrease with distance
OTU_15 0.838 -0.3 10.3 6.5 -0.3 -0.4 -0.7 Variable response at monitoring sites
oTu_28 3.12 7.5 Mostly decreased at monitoring sites
OTU_5 1.47 -1.3 -1.4 -1.3 5.5 -1.4 5.3 Variable response at monitoring sites
OoTU_4 0.378 -0.3 -0.3 -0.1 11.4 0.1 3.1 Variable response at monitoring sites

2021 OTU_2 3.78 0.6 25 1.1 Mostly increased at monitoring sites
OoTu_22 121 -7.1 -7.5 Decreased at all monitoring sites
OoTU_5 0.566 0.6 15.0 -0.2 2.7 1.9 4.7 Mostly increased at monitoring sites
OTU_19 0.148 0.6 7.1 0.5 15.0 0.4 0.2 Mostly increased at monitoring sites
OTU_10 0.121 0.1 15 0.4 1.0 12.8 7.5 Mostly increased at monitoring sites
OTU_31 2.63 -2.2 -2.4 5.2 -2.6 -2.4 0.2 Variable response at monitoring sites
OoTuU_4 1.47 -1.1 15 2.3 3.0 4.3 -0.8 Variable response at monitoring sites
OTU_692 0.0276 0.2 2.9 0.0 0.9 10.7 1.8 Variable response at monitoring sites
OTU_11 0.159 -0.2 0.3 14.3 -0.1 0.0 0.0 Variable response at monitoring sites
OTU_20 4.72 -4.6 -4.7 -4.7 -4.7 4.1 0.0 Decreased at all monitoring sites
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Table36. List of OTU, closest eukaryote taxonomic assignmand match % that account for most of the

dissimilarities between the reference and discharge nitoring sites (2019, 2020 an2021).

Taxon  Family Closest species Match % NCBI Accession
OTU_2  Haplotaxida_unknown_family uncultured eukaryote 100 KT072112.1.1802
OTU_4  Cyprididae Stenocypria spSFH2011 100 AB674992.1.1763
OTU_5  Typhaceae Typha angustifolia 100 FJ824758.1.1585
OTU_6  Characeae Nitella capillaris 99.3 AJ250111.1.1794
OTU_7  Entomoneidaceae Entomoneis ornata 100 HQ912411.1.1733
OTU_8 Naviculaceae Navicula cryptocephalaar. 100 JQ610162.1.1210
veneta
OTU_9  Cyclopoida_unknown family  Cyclapoid copepod 100 GU070881.1.1745
OTU_10 Cyprididae Dolerocypris sinensis 96.4 AF220459.1.1769
OTU_11 Potamogetonaceae Potamogeton crispus 99.3 EF526315.1.1785
OTU_12 Physidae Physella acuta 100 KP171533.1.1805
OTU_13 Corduliidae Procordulia jacksoniensis 100 EU055156.1.1787
OTU_14 Aphanochaetaceae Caespitella pascheri 99.3 LN870284.1.1693
OTU_15 Gregarinasina_unknown_fami Heterocapsaceae 84.2 EF024723.1.1773
OTU_16 Naviculaceae Mayamaea atomuwvar. atomus 95.7 AM501968.1.1737
OTU_17 Caenidae Callistina panda 98.6 AY749907.1.1830
OTU_19 Mermithidae Mermis nigrescens 95.6 KF583882.1.1676
OTU_20 Leptophlebiidae Penaphlebia sgEP076 100 AY749858.1.1818
OTU_22 Reticulascaceae Reticulascus tulasneorum 100 LSAX01000036.22191.239
OTU_28 Hydridae Hydra vulgaris 100 ABRMO01105037.63.1356
OTU_31 Tubificidae Bothrioneurum vejdovskyanum 100 AF411908.1.1749
OTU_692 Characeae Nitella capillaris 97.2 AJ250111.1.1794

3.8.5 18S M rDNA metabarcoding (Bacillariophyceae, diatoms)

Diatom communities were included in the program in 2020 as alitiadal target DNA based
biological community to investigate. The inclusion of maied micro-organisms (including
bacteria, algae and diatoms) has been demonstrated to be of greaffibes® many of these taxa
have been shown to be sensitive indicators of environmental @ (Kennedy and Jacoby,
1999). Due to the trophic position of diatoms (primary puodrs) and the sensitivity of diatoms to
water quality fluxes, diatoms were included as a target grf@upnonitoring changes and
community shifts.

After the removal of potentially erroneous sequences, the Y8E8DNA Bacillariophyceae (diatom)
dataset contained €,75496 reads, encompassing 174 unique OTUs in 2020 an@TWS in 2021
from 7 diatom families.

The main diatom taxa present across sites and relative read abundahtasonomic groups for
each site are shown in Figusd and Figuré5. Many diatomOTUsgelative abundances varied

across the survey siteBlatom OTUs that could not be classified to genus were assigreed th
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higher taxonomy of Bacillariophyta in the bubble plot. Rephid-pennate (possess a raphe, also
known as Bacillarinneae) coarse taxonomic group of diatoms madieeupulk of the diatom

OTUs in all sites of the survey area. Araphid-pennate whictotpassess a raphe, (also known as
Fragilariineae)diatoms were observed in low abundances in the reference siteslaydwere

higher in the discharge monitoring sites Point 10, 12 duts than other sites in 2020.

The diatomsEntomonés and Denticulawere low at the reference sites in both 2020 and 2021
Entomoneisvas observed in highest abundances at the three sites cltséisé discharge source,
i.e., Point 10, Point12 and Jutts for both ye&stomenisenthic diatom species have been
associated with cycling nutrients such as nitrogen in benaquatic systems (Jauffrais et al.,
2016).Denticulawas present at all discharge monitoring sites in 2022011 ,Entomoneisvas
higher in the upper reaches discharge monitoringssted decreased with distance downstream.
Staurosirellaalso had higher relative abundances at the upper discharge morgtsites for both
years Staurosirellarelative abundance was highest at the discharge pool Poinbrloath years.
Staurosirellashowed a similar pattern tBntomoneisn 2020 with higher abundances in the Point
12 and Jutts. This higher abundance may be associated wigntieonmental conditions in these
sites such as water depth, benthic substrate type, availkdphe, nutrient availability and water
guality combinedMelosirawas only detected in discharge monitoring sites, for bathrs
Melosirawas absent from the reference treatment sites. In 20&8losirawas only detected in
the downstream discharge sites GRQ18 and Pool 16. Whilin\28losirahad high abundances
in Pool 16 (20%) and low abundances (<5%) in all other dggehaonitoring site. Melosira
diatoms are recognised as common freshwater diatoms whiehaerant of aquatic pollution

and variable water quality (Lu et 22020) Amphoradiatoms were low in reference sites for both

years however abundance increased at discharge source PqiRolt 12 and Jultts.

The genugunotiawas only present in the reference sites for both 2020 areli20pv}sS] [
presence in the upper reference sites could be a result ofdhepgH observed at these sites.
Eunotiaare known to be acidophilus, oligotrophic diatoms, charasteriof low-alkalinity,

naturally slightly-acidic ecosystems (Cantonati and Lange-Begaldt).

Georges River Aquatic Health Monitoring Program: Rep@®922 | 121



Figure54. Bubble plot of the main diatom taxa groups (genuecross all sitein 2020

% RA is % relative read abundance shown as bubble size.
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Figure55. Bubble plot of the main diatom taxa groups (genus) assaall sites in 2021.

% RA is % relative read abundance shown as bubble size.
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Diatom richness

A summary of family richness (the number of OTUSs) from the diatomodélected in 2020 and
2021 is provided in Figugss. Overall diatom OTU richness fluctuated over the monitoring period
for both treatments. Univariate statistical results includmgans, standard errors and@Way
ANOVA results for diatom richness and read abundance are presentedbie37. There were no
trends in richness for the diatom OTUs in Spring 202®24 ZTable87). One-Way ANOVA
detected no significant difference between diatom richness ffier teference and discharge
monitoring treatments for both sampling time points (TaBlg. For diatom OTU richness in Spring
2020 was similar for reference (43.8+3.1 S.E.) and dischargeamogitreatments (41.8+ 2.2 S.E.)
and similar again in Spring 2021 reference (43 + 2.4 S.Ejsuidirge monitoring treatments
(40.5+ 1.8 S.E.). In 2020 the diatom OTU richness was laggh BRQ18 with a similar richness to
the reference sites (Figuih). Diatom OTU read abundance was higher in the discharge
monitoring treatments compared with the reference treatment for ba@ampling time points
(Table37). The One-Way ANOVA (TaB® for diatom OTU read abundance detectesignificant
difference between reference and discharge monitoring treatment raawindances in Spring
2020 (F=13.1, p<0.05) and in Spring 2021 (F=pZCB05).

The diatom OTU, which had the highest read abundance of atlittem OTUs, was OTU1
Entomoneigienus (406,806 reads). The richest site with the highestoen of OTUs was Poifi

in 2020 (58 OTUs), followed by Pool 32 in 2020 (55 OTUshasde with the lowest OTU
richness was Jutts in 2020 (29 OTUSs). The most frequentiyrimecOTU which occurred across
the greatest number of samples was OTUGOmphonemaenus which was present in 80 of the
90 samples across both years. The sample with the highest resmiabce was Point 10 replicate
D (118,286 reads) in 2020 and the sample with the lowest abathdance was GRQ18 replicéte
(821 reads).
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Figure56. Diatom OTU richness from 2020 and 2021.

Reference sites (blue) and discharge monitoring sites (green)

Table37. One-Way ANOVA results on diatom richness and read alamee for reference and discharge monitoring

treatments.
: . Discharge Discharge
diatom OTU Richness Reference  Reference . . One-Way ANOVA
monitoring monitoring
mean + S.E. mean + S.E. F P-value
Spring 2020 44 3.1 42 2.2 05 0.61
Spring 2021 43 2.4 41 1.8 0.6 0.43
diatom OTU read Reference  Reference Dlsc_:ha_rge D|sqha_rge One-Way ANOVA
Abundance monitoring monitoring
mean + S.E. mean + S.E. F P-value
Spring 2020 35001 3819.4 61871 4877.2 13.1 <0.05
Spring 2021 22033 27483 45462 3721.8 17.3 <0.05

Bold values represent p<0.05
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Diatom community composition

The diatom community composition similarities and differenaespresented in the ordination
plot (nMDS) (Figurg7). Figures7 is showing the similarities/differences between the diatom
community structure in Spring 2020 and 2021 for the tweatments The diatom communities
from the reference sites were markedly different to those from th&ctarge monitoring sites.
The diatom ordination plots for 2020 and 2021 also hgdttlthat the diatom communities from
the reference site GRQ1 and GRUFS were markedly different to the Point 11 referéace s
diatom communities with Point 11 clustering away from the ottveo reference sites for both
years (Figur&7). The sites closest to the discharge (Point 10, Point 12 i) dwe separating
furthest away from the reference sites in Figlrg This difference between reference treatments
and discharge monitoring treatments is confirmed by the PERMANOA #ind a significant
difference in composition between the two treatments in Sprifg@@ (PERMANOVA: F= 35.3,
p<0.09 and in Spring 2021 (PERMANOVA: F= 46.8, p<0.05). When lodtiegl@tom
communities over time independently, there was no significaffetBnce between the diatom
communities between spring 2020 and 2021 (PERMANOVA: Fp4025). When analysing the
contribution of treatment and sampling time to the diatom comniynthere was a significant
difference in diatom treatments (reference and discharge monitgnimigh time (2020 compared
with 2021) (PERMANOVA: E%, p<0.05). Diatom community differences between sites were
analysed with a pairwise PERMANOVA (Appendix B, Tables B7-B3) &il ites were
significantly different from each other except for Poold&d Pool 32 which had no significant

difference (Appendix B7-B8). In 2021 all sites were significantly different from eather.

Figure57. nMDS of the diatom metabarcoding dat2020and 2021

a) 2020 Diatoms nMDS ordination. b) 2021 Diatoms nMDi&ation. Reference sites (blue) and discharge monitpsites (green). Analysis is

derived from presence/absence data at the level of Operstl Taxonomic Unit (OTU).
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Table38. Results of PERMANOVA testing for variation in diatoamenunity composition (2020 and 2021) between

sampling timepoints (years) and treatments (referencedischarge monitoring).

Factor: source of variation df MS Pseudo-F P(perm) Unique perms
Treatment 220 1 45568 35.3 0.0001 9940
Treatment 2021 1 31485 46.8 0.0001 9956
Time (year) 1 3412 1.9095 0.248 9914
Treatment (2020&2021) 1 71591 70.726 0.0001 9945
Time*Treatment 1 3289 2.0526 0.045 9937

Res 86 951.3

Total 89

Df: degrees of freedom; MS: mean squares; Pse@ UpO3]A E] § Vv 0}Pu 3} &]ZZEfJp o &Z Che}S BBV }(
P(perm): probability by permutations; Unique Perms: number of unicurenptations.

Bold values represent p<0.05

3.8.6 Relationships between diatom communities and water quality @B2021)

The 18S V4 diatom community structure and water quality véiabrrelations were investigated
using multivariate statistics including distance linear gledDistLM). The correlative relationships
between the metabarcoded diatom communities and water quality froe &pring 2020 and
Spring 2021 sampling events combined is illustrated in FiirApproximately80% of the
variation in the diatom community data could be explained bydheironmental variables
measured The ordination plot (Figurg8) suggests that the diatom communities from the
discharge monitoring sites are influenced by similar waterigguphrameters (pH, conductivity
and nickel) separating away from the reference sites in the ordinatwhen examined
collectively, the variables which explained significant prtipas of the variation in the diatom
community data were pH (53%), copper (7%) and nickel [M)distance-based analysis
investigating the correlative patterns of the diatd@TU community data with measured
environmental variables is shown in TaBR The variable which contributed the most to the
diatom variation overall was pH (53%) and the other signifigantbles copper (7%) and nickel
(7%) are contributing a small but significant proportiortiie diatom variation. The dbRDA
ordination (Figurés8) illustrates the variation explained by theo-distance-based axis, showing
axisl as explaining 58% of the total diatom variation largelyed by conductivity and pH and axis
2 only explaining 9.7% of the total variation driven bg theasured metals (nickel and

aluminium)
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Figure58. Ordination plot derived from the distance-based modiilistrating the relationships between key

environmental variables and metabarcoded diatom comgition from Spring 2020 and 2021.

Reference sites (blue) and discharge monitoringsgeeen).

Table39. Sequential test results of distance-based linear nedDistLM) for diatom OTUs 2020 and 2021

Variable AdjR SS(trace) Pseudo-F Prop.%  Cumulative res.df
contribution

+pH 0.51 13879 18.34 0.0001 0.53 0.53 16
+Copper 0.55 1810 2.64 0.0122 0.07 0.60 15
+Nickel 0.60 1815 3.00 0.0072 0.07 0.67 14
+Zinc 0.63 1067 1.87 0.0713 0.04 0.71 13
+Aluminium 0.65 908 1.67 0.0872 0.03 0.75 12
+Cdoalt 0.66 756 1.45 0.1742 0.03 0.78 11
+ }v p 8]A]8C . 0.67 685 1.35 0.2277 0.03 0.81 10

SS(trace): sum of squares; Pselfl® UpOoS]A E] S Vv 0}Pu 3} &]+Z EIC0KZEL %5}EF 3] HFOMW 2 E} ]o]
significant); Prop%: the proportion of variation; res.df: rasiddegrees of freedom

Bold values represent p<0.05
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2020 diatom relationships with water quality

The correlative relationships between the metabarcoded diatom comtiasnand water quality
variables from the Spring 2020 sampling are illustrated inr€g@iand TabletO. The fitted

DistLM was visualised using a dbRDA, constrained ordin@tignre59), demonstrating the
correlation of variables on the diatom community for 2020pAgximately 87% of the total
diatom variation was explained by the measured variables in SRAAQ including pH, aluminium,
conductivity, copper, and nickel. When examined collectithly variables which explained
significant (p<0.05) proportions of the variation in thatdm community data were pH (8@)and
conductivity (1%) The ordination shows dbRDAL1 is contributing to 62%he@iariation which is
mostly driven by pH and conductivity and dobRDAZ2 in douting 12% of the variation driven by

the metals.

Figure59. Ordination plot derived from the distance-based mobidustrating the relationships between key

environmental variables and metabarcoded diatom comgition from Spring 2020.

Reference sites (blue) and discharge monitoringsgigeeen).
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Table40. Sequential test results of distance-based lineaodel (DistLM) for diatom OTUs 2020.

Variable AdjR  SS(trace) Pseudo- Prop%. Cumulative res.df
F contribution

+pH 0.50 6368.0 9.2 0.0006  0.57 0.57 7

+Aluminium 0.54 970.1 15 0.2019 0.09 0.65 6

+ }v pu $]A]8C . 0.62 1204.6 2.2 0.0357 0.11 0.76 5

+Copper 0.65 723.6 15 0.2240 0.06 0.82 4

+Nickel 0.66 559.3 1.2 0.3624 0.05 0.87 3

SS(trace): sum of squares; Pseulfl®W upo3]A E] § Vv o}Pu 3§} &]+Z @ElypéthésisIP:«groBdbility(<0.015Z
significant); Prop%: the proportion of variation; res.df: residdegrees of freedom

Bold values represent p<0.05

2021diatom relationships with water quality

The fitted DistLM was visualised using a dbRDA constraiwkaation (Figureé0), demonstrating
the correlation of variables on the diatom community in Spr2021. Approximatel98% of the
total diatom variation was explained by the measured variableSpiing 2021 including pH, total
nitrogen, aluminium, conductivity, zinc, alkalinity, azwpper (Tabldl). When examined
collectively, the variables which explained significant (p<Qpddportions of the variation in the
diatom community data were pH64%) total nitrogen (11%) and aluminiu(®2%). In Spring 2021
pH contributed the most to the total diatom variation measuyedntributing 64% to the total

diatom community variation.
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Figure60. Ordination plot derived from the distance-based mod#ustrating the relationships between key

environmental variables and metabarcoded diatom conmgition from Spring 2021.

Reference sites (blue) and discharge monitoringsgeeen).

Table41. Sequential test results of distance-based lineaodel (DistLM) for diatom OTUs 2021

Variable AdjR SS(trace) Pseudo-F Prop%.  Cumulative  res.df
contribution
+pH 0.59  9523.8 12.6 0.0001 0.64 0.64 7
+Total Nitrogen 0.67 1573.4 2.5 0.0456 0.11 0.75 6
+Aluminium 0.79 1725.4 4.3 0.0197 0.12 0.87 5
+ }v u 3]AI8C . o081 550.3 1.5 0.2055 0.04 0.90 4
+Zinc 0.82 451.4 1.4 0.3051 0.03 0.93 3
+Alkalinity 0.85 426.7 1.5 0.2914 0.03 0.96 2
+Copper 0.90 376.8 2.1 0.3241 0.03 0.98 1

SS(trace): sum of squares; Pseudosf103]A (E] 5§ v 0}Pu 3} &]+Z E[* &ZEL %5}3F 3] ¥ WRO.B% Epopo]3C
significant); Prop%: the proportion of variation; res.df: residdegrees of freedom

Bold values represent p<0.05

The key OTUs which contributed to the observed differentelatom composition between
reference and monitoring sites can be seen from the SIMPER anfil#e4?2). Key diatom taxa
which contributed to the observed differences in composiion the reference treatment were:
Eunotig for both 2020 and 2021, ald¢eidiumcontributed to observed differences in reference
treatment in 2020 and\mphorain 2021. Key diatom taxa contributing to the observed diffiees
in compositions in the discharge monitoring treatment wesaviculain 2020 and 2021 but also,

StaurosirellaandDenticulain 2020 and&Entomoneis, MelosirandGomphonemavere
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representative of discharge monitoring in 2021. Raphid-penBaigllariophyceae (unknown

Genug diatoms were ubiquitous across both treatments in 2020 an2021. The top 10 diatom
taxa which contributed most to the differences between referenoe discharge monitoring
treatments for the sampling years 2020 and 2021 are presentedbie®2 and their taxonomic
assignments are listed in Tal#ld. These data are presented relative to the mean of the reference
sites, such that a positive value indicates an increase aregjative value indicates a decrease
relative to the reference mean. In 2020 and in 2021, T4B&#ows a number of OTUs which had

both positive (increases in abundance) and negative (decreasesmaaitice) responses.

In 20200TU_9 Anomoeoneis sphaerophgrand OTU_6Navicula cryptocephajanostly
increased at the discharge monitoring sites. In 2021 ON4d8i¢ula gregaripincreased with
distance from the discharge source. In 202DUO2 (Staurosirella pinnatayjvas high at Point 10
and decreased with distance from the discharge pddXU_18Neidium affingand OTU_13

(Raphid-pennate unknown genus) decreased at all discharge moxyjtsitas.

In 2021 OTU_4Peenticulg increased in all discharge monitoring siteenticulaspecies presence
in freshwater systems have been correlated with increased enitsi (Soeprobowati et gl2022).
OTU_1Entomoneis ornatd a common freshwater benthic diatom and OTU_Afphora libycg
mostly increased in the discharge monitoring sites while OTOobconeis stauroneifornis
increased at the downstream sites. In 202TU_12 (Raphid-Pennate unknown genus) decreased
at all discharge monitoring sites. OTU_1ERAr{otiasp) also decreased at all discharge monitoring
sites relative to the reference mean. OTU_1ERAr{otiasp) diatom was only detected in the

reference sitsin 2021.

The composition and diversity of the benthic diatom commyaite affected differently by
changes in physicehemical characteristics of the water (Aasal.,2004). A number of diatom
taxa were identified as indicators from an indicator analysisgoered in the 2020 EIP2 report
(Chariton and Stephenson 2020). THenotiadiatom continues to be an indicator taxon with
higher presence and abundance in the reference sites. SIMPERIldissiranalysis on diatom
OTUs identifiedeunotiaas one of the main taxa distinguishing reference from discharge
monitoring treatments Eunotiawas also identified as a biological indicator taxa in tD202EI1P2
report and earlier 2018 monitoring programs (Chariton arep8énson 2020 and 201&unotia
are recognised as freshwater diatoms associated with acidic sy¢teamonati and Lange-

Bertalot 2011, Luis et aRP09, Eunotiadiatoms have also been characterised as sensitive to
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elevated metal concentrations (Luis et @016. This makes them a suitable indicator to continue
monitoring through the diatom metabarcoding analy$isviculadiatoms were representative of
the discharge monitoring sites and had higher average abundanaischarge sites compared to
the reference treatmentNaviculaare common benthic diatoms, commonly found in river
benthos.Naviculahave also been frequently recorded in waters that are nutriéctt-and high in
conductivity (Van Dam et all994 Bere and Tundi&011).

Table42. SIMPER results illustrating the tal diatom taxa that account for most of the dissimilies between the

reference and discharge monitoring sites (2019, 2020 20641).

Change from Mean Reference

Mean

Taxon Reference  POINT10 POINT12 JUTTS POOL16 POOL32 GRQ18 Comments

2020 OTU_1 0.602 29.9 19.3 151 2 -0.1 -0.2 Variable response at monitoring sites
OoTU_3 2.37 -0.4 9.6 0.7 6.1 5.9 29.1 | Variable response, increase with distance
OTU_6 0.089 0.4 1.1 1.1 17.3 25.7 4.9 Mostly increase at monitoring sites
OoTU_2 0.393 22.3 8.3 175 3.1 2.9 0.3 Variable response at monitoring sites
oTU_4 0.587 0.1 16.5 9.4 5 9 3.9 Mostly increase at monitoring sites
oTU_9 0.325 9.9 9.8 12.0 5.9 0.7 -0.1 Mostly increase at monitoring sites
OoTU_43 0.2 0 0.5 16.3 6.3 7.2 -0.2 Variable response at monitoring sites
OoTuU_18 104 -10.3 -10.4 -10.4 -10.3 -10.4 -10.1 = Decrease at all monitoring sites
OTU_13 8.61 -8.5 -8.5 -8.6 -8.6 -8.6 -8.3 Decrease at all monitoring sites
OTU 11 0.0501 0.1 55 0.9 8.7 5.4 0.3 Variable response at monitoring sites

2021 OTU 43 0.271 15 12.3 17.3 15.3 7.5 1.3 Increase at all monitoring sites
OTU_8 0 0 0.2 0.2 40.1 2.1 0 Variable response at monitoring sites
OoTU_1 0.0163 8.4 19.8 19.9 1.7 0.5 0 Mostly increase at monitoring sites
OTU 5 6.73 0 1 5 4.7 3.1 19.9 Variable response, increase with distance
OTU_2 0.203 30.5 4.4 4.5 0.7 0.7 0.3 Variable responsalecrease with distance
OoTU 4 0.268 0.7 18.9 1.4 1.3 5.5 3.6 Variable response monitoring sites
OoTU_ 12 11.2 0 0 0 0 0 0.2 Decrease at all monitoring sites
OTU_3 2.35 1.0 3.4 3.7 3.4 9.1 13.1 Variable response, increase with distance
OTU_112 9.63 0 0 0 0 0 0 Decrease at all monitoring sites
OTU_10 4.08 0.0 5.8 3.9 3.2 1.7 2.7 Variable response at monitoring sites
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Table43. List of OTU, closest taxonomic assignment and mathhat account for most of the dissimilarities

between the reference and discharge monitoring sitesdimtom dataset (2019, 2020 an2021).

Closest Closest species Match % Accession
Genus

OTU_43 Denticula Denticula kuetzingistrain UTEX FD135 99.3 HQ912610.1.162

OTU_8 Melosira Melosira varians 99.3 KC309539.1.1621

OTU_1 Entomoneis Entomoneis ornatatrain 14A 99.3 HQ912411.1.1733

OTU_5 Raphid- Cocconeis stauroneiformssrain s0230 93.5 AB430614.1.1712
pennate

OTU_2 Staurosirella Staurosirella pinnatatrain CCMP330 99.7 HQ912620.1.2328

OTU_4 Raphid- Raphid-pennate X sp. clone I-8-MC812-OT 99 KC771158.1.1787
pennate 59

OTU_12 Raphid- Raphid-pennate X sp. strain MBIC10815 91 AB183645.1.1725
pennate

OTU_3 Navicula Navicula gregariastrain BA102 100 HM805037.1.1688

OTU_112 Eunotia Eunotiasp. strain AT-73Gel02 98.6 AM501963.1.1742

OTU_10 Amphora Amphora libycastrain AT-117.10 100 AM501959.1.1736

OTU_6 Navicula Navicula cryptocephalatrain LCR-S-2-2-1 98.3 JQ610162.1.1206

OTU_9 Anomoeoneis Anomoeoneis sphaerophostrain L1222 100 AJ535153.1.1779

OTU_18 Neidium Neidium affinestrain UTEX FD127 96.4 HQ912583.1.1742

OTU_13 Raphid- Raphid-pennate X sp. clone B& 99.3 FN690540.1.1679
pennate

OTU_11 Gyrosigma  Gyrosigma limosum 97.9 AY485516.1.1623

3.8.7 Metabarcoding summary

The prokaryote, eukaryote and diatom metabarcoding for the sammougisions Spring 2019,

Spring 2020 and Spring 2021 all showed that at the OTU lewveimuanity composition, for

prokaryotes (Figure 40), eukaryotes (Figure 49) and diatomsré¢FT), differed between

reference sites and discharge monitoring sites. These observatieressupported by statistical

analyses (PERMANON®r prokaryotes (Tabl22), eukaryotes (Tablg0) and diatoms (Tabl&8)

which presented statistical evidence of the differences betwesfarence and discharge

treatment community structure and correlated with water qualityanges. The main driving

water quality factors which contributed to the variationah the metabarcoded communities

were pHand conductivity. On some occasions total nitrogen and metads as aluminium,

copper, nickel and zinc were also contributing to the mybte, eukaryote and diatom
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community variation. For example, for prokaryotes in 2018dtetivity, pH and nickel were
statistical key drivers for the community variation while€®20 only pH was a main driver. In 2021
pH and total nitrogen were the key drivers for prokaryote comityicomposition. For eukaryotes
in 2019 conductivity and aluminium were identified as keyew quality drivers while in 2020 only
pH was identified as a key variable and in 2021 pH and aluminanmkey drivers contributing to
eukaryote variation. For diatoms in 2020 pH and condugtweere the main drivers of biological
variation and in 202pH, aluminium and total nitrogen were the main water quality drsvér the

diatom communities.

The metabarcoding data also assisted in identifying potentiabkaggical indicators which were
representative of the treatments i.e., more abundant in either refereacdischarge monitoring
sites. The indicator taxa for prokaryotes which were ha@mgpgative response, more abundant in
reference sites and less abundant in discharge monitoring sigge @TU_6Nlassilia
namucuonensijsOTUs 9Reticulibacter mediterrangand 13 Bradyrhizobium lupifthese may
potentially be putative indicator taxa for environmental disiance as they responded negatively
at all the discharge monitoring sites. A large number of prypdar OTUs were positively affected
and increased in abundance at all downstream monitoring seweral eukaryote OTUs
responded negatively at the discharge monitoring sites gioly OTU_6Nitella capillari}
freshwater green macro-algae, OTU_Peiftaphlebiasp Leptophlebiidae) and OTU_22
Reticulascus tulasneoruam Ascomycota fungus. These eukaryote OTUs may potentially be
putative indicator taxa for environmental disturbance as they oegjed negatively at all the
discharge monitoring sites. The main indicator which show@adsitive change and increased in
abundance at discharge monitoring sites was OTMa®iculg, Naviculacae diatom, which
increased at all discharge monitoring sites. The key indi¢caka for diatoms which were having a
negative response, i.e., more abundant in reference sites andtgsdant in discharge
monitoring sites were OTU_11Punotiaand OTU_12 an unknown Raphid-Pennate diathm
number of diatom OTUs positively responded at the discharge toramj sites, i.e., increased in
abundance at all downstream monitoring sites, these inclu@dd) 2StaurosirellaOTU_43
Denticula OTU 1 Entomoneigsnd OTU_8 Melosira.These key potential indicator taxa can provide
evidence of changm the biological composition of the sites and treatments overetiand in

response to abiotic ecosystem changes
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3.9 eDNA detection results: platypus and Macquaregh

The gPCR assays tested for platypus DNA and Macquarie perch DiNérneplicate eDNA water
filter samples. No platypus or Macquarie perch eDNA were detectadyabf the sites analysed in

either gPCR assay

Table44. Results of eDNA analysis of water samples for platggOrnithorhynchus anatinus

Site Date Sampled Positive Assays Test Result

GRQ1 28/09/2021 0/9 Negative
GRUFS  28/09/2021 0/9 Negative
POINT 11 28/09/2021 0/9 Negative
POINT 10 29/09/2021 0/9 Negative
POINT 12 28/09/2021 0/9 Negative
JUTTS 28/09/2021 0/9 Negative
POOL 16 28/09/2021 0/9 Negative
POOL 32 28/09/2021 0/9 Negative
GRQ18  28/09/2021 0/9 Negative

Table45. Results for eDNA analysis of water samples for Macgeigerch Macquaria australasica

Site Date Sampled Positive Assays Test Result

GRQ1 28/09/2021 0/9 Negative
GRUFS  28/09/2021 0/9 Negative
POINT 11  28/09/2021 0/9 Negative
POINT 10 29/09/2021 0/9 Negative
POINT 12 28/09/2021 0/9 Negative
JUTTS 28/09/2021 0/9 Negative
POOL 16 28/09/2021 0/9 Negative
POOL 32 28/09/2021 0/9 Negative
GRQ18 28/09/2021 0/9 Negative

Neither species had been detected in upper reaches of the GeorgesiRprevious surveys,
however surveys by Griffiths et 22021 had dete&d Macquarie perch in the middle reaches,
downstream of Wedderburn (Griffiths et al., 2021). Thererar recent records (<10 years) in the

area of either species on the major wildlife databases (Atlas wig_Australia, BioNet).
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4 Conclusions

x LDP10 continued to be the main water discharged into Bren@aesk in 2020 and 2021.
LDP40 discharge is currently contributing a very small ptapoof total flows and was

only captured in the Spring 2021 sampling.

X Water quality parameters measured at reference treatments were mostlyimvthe ANZG
(2018) guideline valugx\) ranges, with some exceptions for one or two sites at each
sampling occasion. The pH of waters from Point 10 (7.6a8®)ll downstream sites were
higher than those at reference sites (4.9-7.2). Conductipity;, alkalinity, aluminium,
copper, and to a lesser extent, nickel, as well as all measafrnitrogen decreased with

increasing distance from the discharge source at LDP10 and LDP40

X Aluminium continues to be a metal with elevated concentrationsiies across the survey.
Zinc concentrations were consistent in the reference sites GRUFSRQ1 but

concentrations were erratic in the discharge monitoring sitest following a trend.

X While the DISTLM statistics showed pH as a key correlate afiffierences in the
macrobenthic communities and metabarcoded communitieseems likely that pH is
affecting the bioavailability of metals and resulting in somé&epbal toxicity which could
then translate into ecological impacts. In some seasons and y@drand metals
(aluminium, zinc and nickel) were highlighted as potential dsiedibiological change. The
chemistry of the study area is complex and pH in combinatiitim other water quality
variables such as alkalinity, DOC and metal interactions sheutdrsidered. Metal
bioavailability is iffluenced by many aspects of water chemistry such as major ions, pH,
hardness, alkalinity, and dissolved organic matter. An impoxtharacteristic for most
metals is pH because many metals will have differing speciation expidsange, which in

turn can lead to differences in toxicity (Price et al., 2021

x It is acknowledged that GRQ1 and GRUFS are not the optimal refererscbugithe only
available upstream options with Pointl1. The reference sitegwselected for the EIP2

with knowledge of this limiting effect; however, the projeeain were unable to find more
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suitable reference sitefor the GRAHMP in the local area without this limiting experirakent

design effect.

X Both the macrobenthic and the metabarcoding prokaryote, eukiyamd diatom
community structure analysis highlighted the reference treatmentdgical communities

were different to the discharge monitoring biological comniias for all years.

x The addition of the diatom specific DNA metabarcoding assay baegto be insightful in
identifying community composition shifts in the loweophic microeukaryote primary
producer component of the Georges River system. The presercagtain diatom taxa can
reveal factors about the environment such as nutrient cyclingssate type water quality
andavailable light for photosynthesis. The diatom survey fouratams which respond to
nutrients such adlavicula Entomonés and Denticulawere more abundant at the
discharge monitoring sites while more acidic water toleraatains such akunotiawere

only detected in the reference sites.
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Table46. A summary of multiple lines of evidence obtained he¢en 2013 and 2P1.

Evidence

Water

chemistry

Attributes

Conductivity,
pH, metals and
nutrients

Evidence

Elevated conductivity, pH,
metals and nitrogen at
discharge sites, compared to
reference sites, and many of
these decrease with increasing
distance from Point 10
Conductivity and some metals
have decreased over time at
each site.

Summary

Water quality at sites
closest to the discharge is
still sufficiently
contaminated to cause
biological impairment.
These effects are likely to
decrease with increasing
distance from the
discharge.

Ecotoxicology

7 tests (2013-
2019), reduced
to 2 tests
(2020-2021)

Ongoing toxicity observed for
LDP10 waters, particularly @.
dubiareproduction, however
acute toxicity (lethality) has
decreasedor C. dubiaandM.
splendida.

Although there has been g
reduction in acute toxicity
(lethal endpoints), effects
on C. dubiasurvivorship
were still observed in
2021, as were effects oD.
dubiareproduction,
indicating ongoing risk of
impairment to organisms
in the receiving
environments.

Macrobenthic

communities

Community Communities from the Discharge is altering
structure reference treatment were community structure in
consistently different to the the discharge monitoring
discharge monitoring treatment.
treatments. Point 11 has some| The furthest discharge
other water quality/metal monitoring site GRQ18 is
inputs (aluminium). being influenced by other
catchment factors.
SIGNAL SIGNAL scores were slightly | Reference sites have mor

higher in the reference sites
than the discharge monitoring

sensitive taxa suggesting
better ecological conditiorn
than the discharge
monitoring sites. SIGNAL
scores declined in
2018/2019 most likely dug
to drought and SIGNAL
scores have started to
improve with greater
rainfall over 2020/2021.

Leptophlebiidae

This group was more abundant
and frequent in reference sites
Abundance increased in Spring
2021 surveyThraulophlebia

was predominantly observed in

the reference treatment, very

Evidence suggests that th
group may be sensitive to
the discharge waters.

However, most discharge
monitoring sites appear to
also be unsuitable habitat
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rarely at the downstream
discharge site GRQ18.

for the taxa. Habitat
should also be factored
into Leptophlebiidae
presence.

Metabarcoding

Metabarcoding

For the eukaryotes, the
communities from the referenc
treatment were consistently
different to the discharge
monitoring treatments. Point 11
was showing community
structure less similar to GRQ1
and GRUFS.

Diatom communities are
different in the reference
treatments compared to the
discharge monitoring treatment
sites.

Similarly, prokaryotic
community composition
differed between the reference
treatments compared to the
discharge monitoring treatment

sites.

pH, conductivity, alkalinity
and some metals (zinc,
aluminium, nickel) were
contributing to the
biological variation in the
metabarcoded
communities.
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5 Recommendations

Toinvestigate the effects of installation of the RO ANWTP tetusystem health of the Georges
River,we recommend keeping the core lines of evidence consistentiéar cetection of water
quality changes and observed ecological changes. Consisteweyght of evidence experimental
design will assist with identifying correlative patterretleen biotic and abiotic factors as the
system changes with the implementation of the long-term RO WMéhave however, identified
some guidelines to enhance the current design that we recommenth&ongoing program for

2022 t 2024 sampling and reporting

Recommendations

x Removal of major ions from water, and altering their composijtican also be toxic to
aquatic biota. While the RO WTP at LDP40 demonstrated a reductioetal
concentrations compared to LDP10, major ions were also removétkraby lower
conductivity. It is noted that some reference sites also hawedoncentrations of major
ions (conductivity of 100-200 uS/cm), however water frdrage sites have not been
tested for toxicity toC. dubiaTarget values for conductivity of LDP40 water are required
and should be comparable to those in receiving waters to mimirarsy potential impact to
endemic aquatic species and the natural ecosyst&ddition of essential salts may be

required to ensure minimal impact from RO-treated water dischargagtaatic biota

x Consider incorporating total organic carbon and water hardri@s measured by €and
Mg?*) in the key parameters measured in the water samples. Revised ANZBr@wppey
nickel and potentially zinc will be based on modifying fexttepending on pH, water
hardness and total organic carbon. These revised ANZG GVs applled to the GRAHMP
water chemistry metal analysis if total organic carbon and whégdness measurements
are collected and analyseBotential to investigate site specific water quality guideliass

the ANZG GVs are updated.

X Modification of ecotoxicity test design (i.e., changing/exgliag the concentration series

tested) could improve the reliability of the EC10 values.

Georges River Aquatic Health Monitoring Program: Rep@®922 | 141



x Inclusion of field blanks for chemical analysis is recomradiid enable identification of
any possible contamination sources during sampling, paaituin light of the erratic zinc

concentrations reported for 2020/20L in both reference and discharge monitoring sites.

x Consider optimal ways of visualising the long term chemdsitg. Potentially starting long
term chemistry data at Autumn 2016 data point for consisterncyeasonal Autumn and

Spring sampling data. For 2013-2015 only Spring chemistayislai/ailable.

x Optimise water level measurement data collection so it can be nosedind compared
between sites as a variable for multivariate statistics. For exanmpcluding water depth

data in addition to the nail reading water level measurements.

x Remove richness and abundance metrics from macrobenthic analysisd@dce on its
own provides little information about the ecosystem healthiu sites ¢« ]S } v |[$§
consider which taxa (sensitive or tolerant) were present. Commug@imposition using

Bray-Curtis similarities and dissimilarities is a muobtngfer analysis.

X We recommend continuing the diatom target DNA metabarcoding assaypmparisons

of diatom community shifts post implementation of the ANWTR2

X We suggest running small metabarcoding microcosm experiments sisbsampled,
environmental water from the reference sites and discharge monitosites. This is a
suggestion to isolate the effect of water quality in a colgd system and could involve
analysing the eukaryote and prokaryote community compositiomfthe water samples
taken from the study sites that were placed into small microcoéeng. 250ml beakers).

The DNA could then be analysed from the microcosm samples expm#eel site water.
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Appendix At Ecotoxicity Results

Table Al. Ecotoxicity results for LDP10 and LDP4#@pseas tested in 2021

May-21
LDP10 Test EC50 EC10 NOEC EC50 EC10 NOEC
Ceriodaphnia dubissurvival >100% >100% 100% >100% >100% 100%
Ceriodaphnia dubtareproduction >100% >100% 100% >100% >100% 100%
M. splendidafish imbalance over 96h | ND? ND ND >100% >100% 100%
LDP40 Test EC50 EC10 NOEC EC50 EC10 NOEC
Ceriodaphnia dubiasurvival NA NA NA >100% >100% 100%
Ceriodaphnia dubiareproduction NA NA NA >100% 68% 50%
M. splendidafish imbalance over 96h | NA NA NA >100% >100% 100%
Aug21 Nov-21
LDP10 Test EC50 EC10 NOEC EC50 EC10 NOEC
Ceriodaphnia dubiasurvival 78% 61% 50% 7% 50% 50%
Ceriodaphnia dubiareproduction 7% 48% 25% 70% 23% 50%
M. splendiddfish imbalance over 96h | >100% >100% 100% >100% >100% 100%
LDP40 Test EC50 EC10 NOEC EC50 EC10 NOEC
Ceriodaphnia dubiasurvival 54% 36% 50% >100% >100% 100%
Ceriodaphnia dubiareproduction 52% 30% 25% >100% >100% 100%
M. splendidafish imbalance over 96h | >100% >100% 100% >100% >100% 100%

aNot applicable, WTP was not yet installed

b Not determined. Incorrect fish endpoint of 7-d embryo depenent used. EC50 and EC10 were >100%, NOE@®%s 1
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Figure A.1 Comparison of LDP10 and LDP40 toxicity migasured water quality parameters.
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Appendix Bt Metabarcoding sites pairwise

PERMANOVA

Table B1 16S OT2019pairwise PERMANOVA analysis for site.

2019_GRQ1 2019_GRUFS 2019_POINT11 2019_POINT10 2019 _POINT12 2019_JUTTS 2019_POOL16 2019_POOL32 2019_GRQ18

2019_GRQ1 0.0072 0.008 0.009 0.0063
2019_GRUFS 0.0072 0.007 0.0101 0.007
2019_POINT11 0.008 0.007 0.0077 0.0079
2019_POINT10 0.009 0.0101 0.0077 0.0099
2019_POINT12 0.0063 0.007 0.0079 0.0099

2019_JUTTS 0.0064 0.0075 0.0075 0.0084 0.1113
2019_POOL16 0.0075 0.0091 0.0083 0.0094 0.0079
2019_POOL32 0.0082 0.0074 0.0086 0.0086 0.0163
2019_GRQ18 0.0086 0.0075 0.0075 0.0095 0.0073

Highlighted pink cells indicate significant difference aelg<0.05.

Table B2 16S OT2020 pairwise PERMANOVA analysis for site.

0.0064
0.0075
0.0075
0.0084
0.1113

0.0072
0.0073
0.0086

0.0075
0.0091
0.0083
0.0094
0.0079
0.0072

0.009
0.0053

0.0082
0.0074
0.0086
0.0086
0.0163
0.0073

0.009

0.0076

0.0086
0.0075
0.0075
0.0095
0.0073
0.0086
0.0053
0.0076

2020_GRQ1 2020_GRUFS 2020_POINT11 2020_POINT10 2020_POINT12 2020_JUTTS 2020_POOL16 2020_POOL32 2020_GRQ18

2020_GRQ1 0.0072 0.008 0.009 0.0063
2020_GRUFS 0.0072 0.007 0.0101 0.007
2020_POINT11 0.008 0.007 0.0077 0.0079
2020_POINT10 0.009 0.0101 0.0077 0.0176
2020_POINT12 0.0063 0.007 0.0079 0.0176

2020_JUTTS 0.0064 0.0075 0.0075 0.0084 0.008
2020_POOL16 0.0075 0.0091 0.0083 0.0094 0.0079
2020_POOL32 0.0082 0.0074 0.0086 0.0179 0.0075
2020_GRQ18 0.0086 0.0075 0.0075 0.0095 0.0073

Highlighted pink cells indicate significant difference aelgp<0.05.
Table B3 16S OT2021 pairwise PERMANOVA analysis for site.

2021_GRQ1 2021_GRUFS 2021_POINT11 2021_POINT10 2021_POINT12

2021_GRQ1 0.0831 0.008 0.009 0.0063
2021_GRUFS 0.0831 0.007 0.0101 0.007
2021_POINT11 0.008 0.007 0.0077 0.0079
2021_POINT10 0.009 0.0101 0.0077 0.0099
2021_POINT12 0.0063 0.007 0.0079 0.0099

2021_JUTTS 0.0064 0.0075 0.0075 0.0084 0.2091
2021_POOL16 0.0075 0.0091 0.0083 0.0162 0.0161
2021_POOL32 0.0082 0.0074 0.0086 0.0086 0.0075
2021_GRQ18 0.0086 0.0075 0.0075 0.0095 0.0073

Highlighted pink cells indicate significant difference atlg<0.05.

0.0064
0.0075
0.0075
0.0084

0.008

0.0072
0.0073
0.0086

0.0075
0.0091
0.0083
0.0094
0.0079
0.0072

0.009
0.0053

2021_JUTTS 2021_POOL16

0.0064
0.0075
0.0075
0.0084
0.2091

0.0753
0.0073
0.0086

0.0075
0.0091
0.0083
0.0162
0.0161
0.0753

0.0184
0.0053

0.0082
0.0074
0.0086
0.0179
0.0075
0.0073

0.009

0.0076

2021_POOL32
0.0082
0.0074
0.0086
0.0086
0.0075
0.0073
0.0184

0.0076

0.0086
0.0075
0.0075
0.0095
0.0073
0.0086
0.0053
0.0076

2021_GRQ18
0.0086
0.0075
0.0075
0.0095
0.0073
0.0086
0.0053
0.0076
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Table B4 18S 2019 pairwise PERMANOVA analysis éor sit

2019 _GRQ1
2019 _GRUFS
2019 POINT11
2019_POINT10
2019_POINT12
2019_JUTTS
2019_POOL16
2019_POOL32
2019_GRQ18

2019_GRQ1 2019 _GRUFS 2019 POINT11 2019_POINT10

0.1106
0.037
0.009

0.0063

0.0064

0.0075

0.0082

0.0086

0.1106

0.007
0.0101

0.007
0.0075
0.0091
0.0074
0.0075

0.037
0.007

0.0077
0.0079
0.0075
0.0083
0.0086
0.0137

Highlighted pink cells indicate significant difference aelg<0.05.

0.009
0.0101
0.0077

0.0099
0.0084
0.0094
0.0086
0.0095

2019_POINT12 2019_JUTTS 2019 _POOL16 2019 POOL32 2019_GRQ18

0.0063

0.007
0.0079
0.0099

0.008
0.0079
0.0075
0.0073

Table B5 18S OT2020pairwise PERMANOVA analysis for site.

2020_GRQ1
2020_GRUFS
2020_POINT11
2020_POINT10
2020_POINT12
2020_JUTTS
2020_POOL16
2020_POOL32
2020_GRQ18

0.0064
0.0075
0.0075
0.0084

0.008

0.0072
0.0073
0.0086

0.0075
0.0091
0.0083
0.0094
0.0079
0.0072

0.009
0.0053

0.0082
0.0074
0.0086
0.0086
0.0075
0.0073

0.009

0.0335

0.0086
0.0075
0.0137
0.0095
0.0073
0.0086
0.0053
0.0335

2020_GRQ1 2020_GRUFS 2020_POINT11 2020_POINT10 2020_POINT12 2020_JUTTS 2020_POOL16 2020_POOL32 2020_GRQ18

0.0517
0.0072
0.0074
0.0087
0.0081
0.0086
0.0068
0.0056

0.0517

0.0817

0.023
0.0069
0.0172
0.0087
0.0077
0.0073

0.0072
0.0817

0.0382
0.009
0.0419
0.0085
0.0084
0.008

Highlighted pink cells indicate significant difference aelg<0.05.

0.0074
0.023
0.0382

0.0228
0.0189
0.0078
0.0191
0.0094

0.0087
0.0069

0.009
0.0228

0.0168
0.0171
0.0093
0.0086

Table B6 18S OT2021 pairwise PERMANOVA analysis for site.

2021_GRQ1
2021_GRUFS
2021_POINT11
2021_POINT10
2021_POINT12
2021_JUTTS
2021_POOL16
2021_POOL32
2021_GRQ18

2021_GRQ1 2021 _GRUFS 2021_POINT11 2021 _POINT10 2021 POINT12

0.0072
0.008
0.009

0.0063

0.0064

0.0075

0.0082

0.0086

0.0072

0.007
0.0101

0.007
0.0075
0.0091
0.0074
0.0075

0.008
0.007

0.0077
0.0079
0.0075
0.0083
0.0086
0.0075

Highlighted pink cells indicate significant difference atlgp<0.05.
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0.009
0.0101
0.0077

0.0099
0.0084
0.0094
0.0086
0.0095

0.0063

0.007
0.0079
0.0099

0.1719
0.1182
0.0075
0.0073

0.0081
0.0172
0.0419
0.0189
0.0168

0.0067
0.0076
0.0081

0.0086
0.0087
0.0085
0.0078
0.0171
0.0067

0.084
0.0242

0.0068
0.0077
0.0084
0.0191
0.0093
0.0076

0.084

0.0089

0.0056
0.0073

0.008
0.0094
0.0086
0.0081
0.0242
0.0089

2021_JUTTS 2021 POOL16 2021 POOL32 2021 GRQ18

0.0064
0.0075
0.0075
0.0084
0.1719

0.0963
0.0073
0.0086

0.0075
0.0091
0.0083
0.0094
0.1182
0.0963

0.009
0.0053

0.0082
0.0074
0.0086
0.0086
0.0075
0.0073

0.009

0.0076

0.0086
0.0075
0.0075
0.0095
0.0073
0.0086
0.0053
0.0076



Table B7 Diatoms 2020 pairwise PERMANOVA analysstiarHighlighted pink cells indicate significantfidirence

at level <0.05.

2020_GRQ1
2020_GRUFS
2020_POINT11
2020_POINT10
2020_POINT12
2020_JUTTS
2020_POOL16
2020_POOL32
2020_GRQ18

Highlighted pink cells indicate significant difference atlgp<0.05.

2020_GRQ1

0.0072
0.008
0.009

0.0063

0.0064

0.0075

0.0082

0.0086

2020_GRUFS 2020_POINT11 2020_POINT10 2020_POINT12 2020_JUTTS 2020_POOL16 2020_POOL32

0.0072

0.007
0.0101

0.007
0.0075
0.0091
0.0074
0.0075

0.008
0.007

0.0077
0.0079
0.0075
0.0083
0.0086
0.0075

0.009
0.0101
0.0077

0.0099
0.0084
0.0094
0.0086
0.0095

0.0063

0.007
0.0079
0.0099

0.0238
0.0079
0.0075
0.0073

0.0064
0.0075
0.0075
0.0084
0.0238

0.0072
0.0073
0.0086

0.0075
0.0091
0.0083
0.0094
0.0079
0.0072

0.1449
0.0053

0.0082
0.0074
0.0086
0.0086
0.0075
0.0073
0.1449

0.0076

Table B8 Diatoms 2021 pairwise PERMANOVA analysstarHighlighted pink cells indicate significantfidirence

at level <0.05.

2021_GRQ1
2021_GRUFS
2021_POINT11
2021_POINT10
2021_POINT12
2021_JUTTS
2021_POOL16
2021_POOL32
2021_GRQ18

Highlighted pink cells indicate significant difference atlgp<0.05.

2020_GRQ18
0.0086
0.0075
0.0075
0.0095
0.0073
0.0086
0.0053
0.0076

2021_GRQ1 2021 _GRUFS 2021 _POINT11 2021 _POINT10 2021 _POINT12 2021 _JUTTS 2021 _POOL16 2021 POOL32 2021_GRQ18

0.0138
0.008
0.009

0.0063

0.0064

0.0075

0.0082

0.0086

0.0138

0.007
0.0101

0.007
0.0075
0.0091
0.0074
0.0075

0.008
0.007

0.0077
0.0079
0.0075
0.0083
0.0086
0.0075

0.009
0.0101
0.0077

0.0099
0.0084
0.0094
0.0086
0.0095
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0.0063

0.007
0.0079
0.0099

0.0163
0.0079
0.0075
0.0073

0.0064
0.0075
0.0075
0.0084
0.0163

0.0072
0.0073
0.0086

0.0075
0.0091
0.0083
0.0094
0.0079
0.0072

0.009
0.0053

0.0082
0.0074
0.0086
0.0086
0.0075
0.0073

0.009

0.0076

0.0086
0.0075
0.0075
0.0095
0.0073
0.0086
0.0053
0.0076



