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Executive Summary

To improve ACT water security for the future, ACTErporation is constructing an
additional pumping structure and pipeline to abstravater from the Murrumbidgee River
near Angle Crossing (southern border of the ACT).

The proposed pumping system will transfer watermfréngle Crossing through an
underground pipeline into Burra Creek, and themster the water by run of river flows into
the Googong Reservoir. The system is being desigrnaamp up to 100 ML/d, and is expected
to be in operation by mid-2012. Abstraction will dectated by the Googong Reservoir
capacity, and by the availability of water in thaivumbidgee River. The proposal is referred
to as Murrumbidgee to Googong project (M2G).

This program aims to determine the baseline rivandition prior to the water transfer and
then continue monitoring after commencement torate what changes are taking place
that are attributable to abstraction from Angle Gsing.

The key aims of this sampling run were to:

Collect current baseline condition macroinvertelgracommunity data, up- and
downstream of Angle Crossing;

Report on water quality up and downstream of Ayiessing.
Collect periphyton baseline data to help monitcasmal and temporal change and,;

Conduct river health assessments based on AUSRIMA®cols at key sites
potentially affected by the construction and operatof pumping infrastructure at
Angle Crossing;

This report presents the results from biologicahgéing and monitoring of the Murrumbidgee
River upstream and downstream of Angle Crossirgpiing 2010. Sampling was completed in
November 2010 and was based on the AUSRIVAS sanmptitocols, which was extended to
include replicated sampling at each site and gdeusl identifications for selected taxa. The
reasons for these variations were to: a) estabéishmates of the within-site variability prior

to the commencement of pumping; and; b) increasedholution of the monitoring program

to detect subtle changes in the macroinvertebrataraunity in response to water abstraction
impacts. Comparisons between upstream and dowmstteeations are established in this

baseline period, despite M2G being not operati@atahis stage to recognise any pre-existing
location effects that might exist over and abowséhthat might be brought about during the
construction or operational phases of the M2G proje

The November 2010 sampling round coincided witlgh Hainfall period. Five of the six sites
were sampled for biological parameters due to Higiv condition at MUR 28 (upstream of
the Cotter River confluence).

FINAL ANGLE CROSSING STUDY -SPRING 2010 \Y
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The key results from the spring 2010 sampling giég&rossing show that:

1)

2)

3)

4)

5)

6)

The results from this round of sampling were simiteprevious findings for the Angle
Crossing study where sampling coincides with hifglw fperiods. For example,
communities were dominated by early colonising tagadiment-dwelling taxa.
Furthermore, there were reduced numbers of highNBG sensitivity rating taxa.
This indicates that flows displaced the free livimgore sensitive taxa, and the
sediment dwellers gain some protection from theuskgess exerted by the increased
flows across all monitoring sites. The presencénigh numbers of early colonists,
suggests that despite the ongoing rainfall and desq high flow conditions, re-
colonisation occurs rapidly.

Descriptive statistics conducted on the water dyalarameters showed no indication
of any location effects. The overall trends in Wegter quality time series data are
indicative of responses to changing flow conditiof®r example, there are
corresponding decreases in electrical conductivii$h increasing flows, while the
dissolved oxygen daily cycles show less variabditying flow peaks. Both water
quality stations track fairly constantly throughetlseason, although there are some
differences in the diurnal patterns of dissolveggen, which are likely to be (over
and above the influence of flow) a function ofedéht sensor depths between the two
stations, which was observed in previous samplms I(ALS, 2010).

Surface water temperature, displayed an increasimggnotonic trend resulting in an
average 8°C increase over the spring period (Selpgem November) and mean daily
turbidity readings exceeded the recommended guelon 58 and 20 days (based on
daily mean values) up- and downstream of Angle €ngsrespectivelypH was
slightly above the upper guideline for the firsti&ys in October, otherwise all other
parameters met the ANZECC and ARMCANZ (2000) gnétel

The in-situ water quality results show that the onigy of physico-chemical
parameters are within the ANZECC and ARMCANZ (20§@pelines. The only
exception was dissolved oxygen at MUR 15, but gikenh all the in-situ readings
were conducted at different times of day, theynatenecessarily comparable between
sites. Total Phosphorus (TP) and Total Nitrogen)(EXceeded the guidelines at all
monitoring sites. The TP concentrations representwa-fold increase from the
autumn 2010 results (except MUR 23), and TN conagos are similar across both
seasons.

Periphyton production was measured in terms of fise dry mass (AFDM) and

chlorophyll-a concentrations. Mean AFDM and chlongf}-a concentration did not

differ significantly between up and downstream tmees. There were higher median
chlorophyll-concentrations observed at Point Hutb€sing, which is consistent with
previous sampling runs. This continues to implyigeic nutrient enrichment at this

site through Point Hut Pond spillages during hitgwf events.

The AUSRIVAS assessment for the riffle habitat elow change at MUR 16; MUR
18 and MUR 19 since autumn 2010, although direchmarisons on a season by
season basis indicates that MUR 15, 16 and MUR @& himproved riffle habitat
assessments than they did in spring 2009, shifiogn BAND B to BAND A. By

FINAL
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comparison, MUR 18 and 19 remained at BAND B, wisctine same as they have
been since spring 2009.

7) Assessment based on edge habitat samples were Bamaased by the on-going
high flow disturbance of edge habitat in this sattof the Murrumbidgee River. Such
effects were so pronounced at MUR 15 and MUR l8nhaeliable assessment based
on edge habitat sampling was possible at thess.siHewever, edge habitat-based
assessments for the other sites revealed a dedinendition at MUR 16 and MUR
19, which were assessed as BAND C and no chartge rondition at MUR 23 (Point
Hut crossing) compared to spring 2009.

8) Trichoptera were the best represented of the safiteensitive taxa (EPT) across the
sampling sites. Several of the wusually common ar@indance mayflies
(Ephemeroptera) were absent from most samplings séecept for the farthest
upstream site, MUR 15, which also had the moste$lies (Plecoptera). However, for
the most part, all of the communities were domihaby Chironomids, Simulids,
Oligochaetes and Caddis flies with low to interra¢eliSIGNAL-2 scores. The edge
habitat showed a high degree of variation of taxoiw composition, which is
evidenced by the variation seen in the AUSRIVAStseacross all sites.

These results are indicative of communities whi@veh been subjected to a natural
disturbance, such as high flow events as the cabere. For example, highly sensitive taxa
and usually common, sensitive taxa were missing) fadl sites with no obvious patterns in
their presence or absence. Taxa that are adaptéovtoselocities, were absent or in very low
numbers in the edge samples and although sometigertsixa were collected in the riffles,
they were in much lower abundances and less contimm they have been in previous
seasons. The overall conclusion based on the watedity and biologicalinformation
indicates a natural disturbance (i.e. high flowsy the overriding factor influencing the
indicators used in this assessment. Based on tidgmce we suggest that once flows stabilise,
the sites under assessment should improve in thedogical health rating based on
AUSRIVAS assessment.

FINAL ANGLE CROSSING STUDY -SPRING 2010 Vii
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1 Introduction

The Murrumbidgee Ecological Monitoring Program (MBMwas set up by ACTEW Corporation to
evaluate the potential impacts of water abstradtiom the Murrumbidgee River. It is being undertalees
part of the ACT water supply security infrastruetupgrade.

The proposed time-line is to undertake samplingpring and autumn over a three year period that
commenced in spring 2008.

There are four component areas being considered:
Part 1: Angle Crossing
Part 2: Burra Creek (discharge point for Angle Gnog abstraction)
Part 3: Murrumbidgee Pump Station
Part 4: Tantangara to Burrinjuck

Thisreport focuseson Part 1. Angle Crossing

To improve ACT water security for the future, ACTEW@orporation is proposing to construct an

additional pumping structure and pipeline to alu$tk@ater from the Murrumbidgee River near Angle
Crossing (southern border of the ACT). The propgsechping system will transfer water from Angle

Crossing through a 12km underground pipeline intor& Creek. The water will then be transported a
further 13km by run of river flows into the GoogoRgservoir.

The system is being designed to pump up to 100 Mindi is expected to be in operation by mid-2012,
with construction due to commence in late 2010.aNabstraction from the Angle Crossing pump station
will be dictated by the Googong Reservoir's capaaitd by the availability of water in the Murrumbéask
River. This project is referred to as Murrumbidge€&oogong project (M2G).

During periods of low flow (whether climate related artificially induced), impacts upon aquatic
environments can be measured using surrogate sdiozsed on changes to macroinvertebrate
communities, such as changes in species richnessdances and community structure. Such changes can
result either directly through invertebrate drift,indirectly through reductions in habitat divéysor flow
conditions which do not suit certain taxa. Dewsoral., (2007) reported that certain macroinvegtbr
taxa are especially sensitive to reductions in feowd be useful indicators in flow restoration assemnts
and can assist in longer term management of flowegulated river systems. It is expected therébeil
changes to the aquatic ecosystem within the Muridgae River and Burra Creek as a result of M2G.
Some of these effects include, but are not limitecchanges to water chemistry; and changes tonghan
morphology, velocity and depth. All of these chanbave potential knock-on effects to the biota iwith
the river's ecosystemAPPENDIX A). This current monitoring program will form the dim of an
Ecological Monitoring Program to satisfy EIS re@mirents

FINAL ANGLE CROSSING STUDY -SPRING 2010 1
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1.1 Background: The Upper Murrumbidgee River

The Murrumbidgee River flows for 1600 km from itsauwaters in the Snowy Mountains to its junction
with the Murray River. The catchment area to An@lssing is 5096 kf As part of the Snowy
Mountains Scheme, the headwaters of the Murrumkidge/er were constrained by the 252 GL
Tantangara Dam, which was completed in 1961. Tkerveir collects water and diverts it outside the
Murrumbidgee catchment to Lake Eucumbene. This redsiced base flows and the frequency and
duration of floods in the Murrumbidgee River doweatn. The Murrumbidgee River is impounded again
at Burrinjuck Dam, after the river passes throughACT. This region above Burrinjuck Dam is genlgral
known as the Upper Murrumbidgee.

Land-use varies from National Park in the high ¢outo agriculture and farming in the valley regson
Annual rainfall varies from greater than 1400 mntHa mountains, to 620 mm at Canberra, down to 300
mm in the west (B.O.M, 2010).

Drought has had the most significant impact on lowaent condition within the upper Murrumbidgee
catchments in recent times. More than 80% of cag¢citsnhave been drougatfected since late 2002.
Drought-induced land degradation in the upper Mubigdgee catchments has been significant across all
areas and adverse effects include increased siressrface and groundwater resources, increaséd soi
erosion and a shift from mixed farming and cropgimgrazing, and reduced stock numbers. Drought has
also led to increased pressure on native vegetatitime catchments, a heightened risk of fire itivea
forests, and an increase in the abundance of deveed species.

1.2 Project objectives

There are two key phases to this project, whicbriporates two sets of objectives, representing by
short term aims, i.e. before and after abstradfi@ble 1). Phase 1 of this monitoring program Ines

the establishment of baseline macroinvertebrate nmamity composition at selected sites up- and
downstream of the proposed abstraction point. Toeid of Phase 1 will be on the documentation of
spatial and seasonal changes in macroinvertebratepariphyton assemblages as well as monitoring
water quality patterns. This will also include moning potential effects associated with (eitheedily

or indirectly) the construction of the new pumpistaat Angle Crossing.

Phase 2, incorporates long term objectives, whiohta delineat e potential ecological effects theg
related specifically to the abstraction of watenirthe Murrumbidgee River at Angle Crossing, o
what is considered natural, temporal and spatidtian.

The specific aims of this monitoring program are:

1. To determine seasonal and annual variation @dbmposition and abundance of periphyton at contro
and test sites before water abstractions commeaoé,to assist in the monitoring of river ecosystem
health once the abstractions begin.

2. To determine baseline macroinvertebrate comnasiat test and control sites before the water
abstractions commence, and to assist in the mongaf riverine ecosystem health once the abswasti
begin.

FINAL ANGLE CROSSING STUDY -SPRING 2010 2
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Table 1. Project objectives and estimated time frames

- e

Phase 1 Obtain  baseline  information include: 2009-2011 Help establish flow rules for the
hydrological, biological and phy3|co-chem|cal operation of the pump in the
water quality information. M2G project.

Identify key (indicator) species
than can be used to identify flow
thresholds.

Establish spatial and temporal trends up and
downstream of the existing low-level crossing that
is Angle Crossing.

Establish biological signatures
and inventories as references for
changes over time.

-

1.3 Project scope

The current ecological health of the sites mondoas part of the Murrumbidgee to Googong (M2G)
monitoring program was estimated using AUSRIVAStacols for macroinvertebrate community data,
combined with a suite of commonly used biologica&tmes and descriptors of community composition.
The scope of this report is to convey the resuitsifthe spring 2010 sampling. Specifically, asioet in
the MEMP proposal to ACTEW Corporation (EcowiseQ@2p0this work includes:

Water quality, periphyton and macroinvertebrate@arg conducted in spring 2010;

Macroinvertebrate communities collected from rifflexd edge habitats using AUSRIVAS
protocols;

Macroinvertebrate samples counted and identifigieédaxonomic level of genus;
Riffle and edge samples assessed through the aippUSRIVAS model;

In-situ water quality samples analysed for nutrients ir6ALNATA accredited laboratory

FINAL ANGLE CROSSING STUDY -SPRING 2010 3
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1.4  Rationale for using biological indicators

Macroinvertebrates and periphyton are two of thestnammmonly used biological indicators in river
health assessment. Macroinvertebrates are commgely to characterise ecosystem health because they
represent a continuous record of preceding enviemah, chemical and physical conditions at a given
site. Macroinvertebrates are also very useful s in determining specific stressors on fresawat
ecosystems because many taxa have known tolerembesvy metal contamination, sedimentation, and
other physical or chemical changes (Chessman, 200&3roinvertebrate community assemblage, and
two indices of community condition; the AUSRIVASdex and the proportions of three common taxa
(the Ephemeroptera, Plecoptera, and Trichopter&Pdr index), were used during this survey to assess
river health.

Periphyton is the matted floral and microbial comitythat resides on the river bed. The compositibn
these communities is dominated by algae but tha tgeriphyton” also includes fungal and bacterial
matter (Biggs and Kilroy, 2000). Periphyton is imaat to maintaining healthy freshwater ecosystams
it absorbs nutrients from the water, adds oxygettéoecosystem via photosynthesis, and providesa f
for higher order animals. Periphyton communitiespmnd rapidly to changes in water quality, light
penetration of the water column and other distucbansuch as floods or low flow, and this makemthe
valuables indicator of river health.

Changes in total periphyton biomass and/or thetaugbic component of the periphyton (as determined
by chlorophylta) can vary with changes in flow volume, so thesealdes are often used as indicators of
river condition in relation to monitoring the eftecof flow regulation, environmental flow releasas
water abstraction impacts (Talsma and Hallam, 188%s, 1989;; Whitton and Kelly, 1995; Biggsal,
1999;). Water abstractions from Angle Crossing wdt affect the timing or magnitude of higher flows
but it could affect conditions during the seasolmal flow period, such as increasing the nutrient
availability through increased residence time, oéuly scouring impacts on benthic organism and
reducing surface flows over riffle habitats andstliecreasing habitat quality and availability. Aamges

in flow volume are expected with the proposed cleanig the Murrumbidgee River water abstraction
regime, periphyton biomass and chloropfayire included as biological indices.

FINAL ANGLE CROSSING STUDY -SPRING 2010 4
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2 Materials and Methods

2.1 Study sites

Macroinvertebrate community composition, periphyamssemblages and water quality were monitored
from replicate sites on the Murrumbidgee River, apd downstream of Angle Crossing (~2km west of
Williamsdale) with the aim of obtaining baselinekgical condition information following the ANZECC
guidelines for ecological monitoring (ANZECC & ARM®IZ, 2000).

The upper Murrumbidgee River is impacted by aggsitin its large catchment, which includes a large
array of land-use practices. As such, it was ingrdrto select a sufficiently large number of sites
enable the program to provide a reasonable snapeghthe current status of the macroinvertebrate
community in the study area. Sites were chosendoaseeveral criteria, which included:

. Safe access and approval from land owners;

- Sites have representative habitats (i.e. riffle@délpequences). If both habitats were not present
then riffle zones took priority as the they are tinest likely to be affected by abstractions;

. Sites which have historical ecological data sets. ¢¢een, 2001) took precedence over “new sites”
—allowing comparisons through time to help assessral variability through the system. This is
especially important in this program because therless emphasis on the reference condition,
and more on comparisons between and among sitssndar characteristics in the ACT and
surrounds over time.

Potential sites were identified initially from tographic maps, they were visited prior to sampling a
their suitability was subsequently considered bamedenior ALS staff and the habitat descriptiams i
Coysh et al., (2000). Six sites suited the critem@ntioned above (Table 2; Figures 1 and 2). Theése
include three sites upstream of Angle CrossindN@W) and three sites downstream (all in the ACT).

Table 2. Sampling site locations and details

Site Code | Location Landuse Habitat sampled LA LEmgiveE
0 ] ) 0 ] ”
MUR 15 Bumbalong Road Grazing / Recreation Riffle and Edge 35°51'51.6"S 149°08'7.81"E
0 3 ” 0 [ "
MUR 16 The Willows - Near Michelago Grazing Riffle and Edge 35°41'18.72°S 149706’ 32.50"E
0 3 ” 0 [ ”
MUR 18 U/S Angle Crossing Grazing Riffle and Edge 35735'06.68" S 149706 28.96"E
0 3 ” 0 [ "
MUR 19 D/S Angle Crossing Grazing / Recreation Riffle and Edge 35734'50.38" S 149706’ 32.50"E
Recreation / 35°27'03.42" S 149° 04’ 27.84"E
MUR 23 Point Hut Crossing Residential Riffle and Edge
MUR 28 U/S Cotter River confluence Grazing Riffle and Edge 35°19' 25.22" S 148° 56’ 59.34" E
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Figure 1. Angle Crossing sampling locations and gauging stations
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MUR 15. Looking upstream (399 ML/d) MUR 15. Looking downstream

MUR 16. “The Willows” near Michelago MUR 16. Looking downstream
(399 ML/d)

Mur 18. ~800m Upstream of Angle Crossing Mur 18 looking across to the edge habitat
(394 ML/d)

Plate 1. Photographs of sampling sites upstream of Angle Crossing
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Mur 23. Point Hut Crossing Mur 23. Looking downstream from bridge

Mur 28. Upstream Cotter River confluence highlighting the difficult wading and high flow conditions

Plate 2. Photographs of sampling sites downstream of Angle Crossing
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2.2 Hydrology and rainfall

River flows and rainfall for the sampling periodreeecorded at ALS gauging stations located at [sobb
Hole (downstream of Angle Crossing: 410761) andrepsn of Angle Crossing (MURWQO09) (see Table
3).

Stations are calibrated monthly and data are daaded and verified before storage on the databaseswh
they are quality coded. Water level data were wtifnanually by comparing the logger value to tiadf s
gauge value. If there were differences betweendoggd staff, the logger was adjusted accordirigiin
gauges were calibrated and adjusted according t6 Mork procedures (document number: FiO11).
Records were stored on the HYDSTRdatabase software and downloaded for each sanmirigd.

Table 3. Location and details of continuous water quality and flow stations

Site Code @ Location/Notes Parameters* Latitude Longitude
M’bidgee River @ Lobb’s Hole WL, Q, pH, EC, DO, Temp,

410761 (DIS of Angle Crossing) Turb, Rainfall S 35.5398 E 149.1015

MURWQO9 | Mbidgee River U/S Angle Crossing m;'b %ai‘r’]':é” EC, DO, Temp. | g 353533 | E149.0705

* WL = Water Level; Q = Rated Discharge; EC = Electrical Conductivity; DO = Dissolved Oxygen; Temp =
Temperature; Turb = Turbidity; Rainfall = Rainfall (0.2 mm increments)

2.3 Water quality

Baselinein-situ physico-chemical parameters including temperafoirk,electrical conductivity, turbidity
and dissolved oxygen were recorded using a muligpridydrolalS minisonde 5a at sites indicated in
Table 2. The Hydroldbwas calibrated following QA procedures and the rfactures requirements prior
to sampling. Additionally, grab samples were takemm each site in accordance with the AUSRIVAS
protocols (Coystet al, 2000b) for Hydrolab verification and nutrient jrsés. All samples were placed
on ice, returned to the ALS laboratory, and analylee nitrogen oxides (total NOx), total nitrogenda
phosphorus in accordance with the protocols owtlineAPHA (2005). Collectively, this information on
the water quality parameters will assist in thesriptetation of biological data and provide a basis
which to gauge ecosystem changes potentially linketbw reductions at these key sites followingteva
abstractions.

2.4 Macroinvertebrate sampling and processing

At each site, macroinvertebrates were sampled énriffle and edge habitats where available. Both
habitats were sampled to provide a more compreferaasessment of each site (Cogstal, 2000a);
and allow the program to isolate flow-related imgatom other disturbances. Monitoring both habitat
will allow an overall site assessment as the pakytimmediate impacts resulting from abstractioay

be less consequential given the greater availadddgdt in the edges and the longer response tin@ato
flow conditions.

Riffle and edge habitats were sampled for macrotebeates and analysed in strict accordance wih th
ACT autumn riffle and edge AUSRIVAS (AustralianvBi Assessment System) protocols (Cogshl,
2000b) during spring (November 24nd 2%) 2010. At each site, two samples were taken (where
possible) from the riffle habitat (flowing brokerater over gravel, pebble, cobble or boulder, wittepth
greater than 10 cm; (Coys# al, 2000b) using a framed net (350 mm wide) with 230 mesh size.
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Sampling began at the downstream end of each.riifle net was held perpendicular to the substrate w
the opening facing upstream. The stream directgtrepm of the net opening was disturbed by vigdyous
kicking and agitating the stream bed, allowing alisiodged material to be carried into the net. The
process continued, working upstream over 10 metirei$fle habitat. The samples were then preselined
the field using 70% ethanol, clearly labelled wsite codes and date then stored on ice and redtegr
until laboratory sorting commenced.

The edge habitat was also sampled in strict acoosdaith the ACT AUSRIVAS protocols. Two samples
were taken from the edge habitat. The nets andtladlr associated equipment were washed thoroughly
between sampling events and sites to remove anyomaertebrates retained on them. Samples were
collected by sweeping the collection net alongatige habitat at the sampling site; the operatokeabr
systematically over a ten metre section coveringrieganging vegetation, submerged snags, macrophyte
beds, overhanging banks and areas with trailingtagigpn. Samples were preserved on-site as dedcribe
for the riffle samples.

Processing of the macroinvertebrate samples fotlothe ACT AUSRIVAS protocols. Briefly, in the
laboratory, the preserved macroinvertebrate sampdes placed in a sub-sampler, comprising of 1@0 (1
X 10) cells (Marchant, 1989). The sub-sampler wesntagitated to evenly distribute the sample. The
contents of randomly selected cells were removed the macroinvertebrates within each cell were
identified to genus level except for Chironomidab@amily) and Oligochaeta (class). Specimens that
could not be identified to the specified taxononeieel (i.e. immature or damaged taxa) were removed
from the data-set prior to analysis. For the AUDERS model, taxa were analysed at family level excep
for: Chironomidae (sub-family), Oligochaeta (clagsyl Acarina (order) until 200 animals were idéedif
(identification followed taxonomic keys publisheg Blawking, (2000)). If 200 animals were identified
before a cell had been completely analysed, ideatibn continued until the animals in the entiedl c
were identified. Data were entered directly intectlonic spread sheets to eliminate errors assalcigith
manual data transfer.

2.5 Periphyton

Estimates of algal biomass were made using comptimg data from both chlorophydl (which
measures autotrophic biomass) and ash free dry (A&EM; which estimates the total organic matter in
periphyton samples and includes the biomass othacfungi, small fauna and detritus in sampldéghe
periphyton samples (Biggs, 2000).

The six sites shown in Table 2 were sampled forppgton in autumn in conjunction with the
macroinvertebrate sampling. All periphyton - adnated loose forms of periphyton, as well as
organic/inorganic detritus in the periphyton matrisere collected using the-situ syringe method similar

to Loeb (1981), as described in Biggs and Kilro@Q@) (Plate 3). A 1m wide transect was established
across riffles at each site. Along each transealve samples were collected at regular intervasg a
syringe sampling device, based on two 60 ml sysnged a scrubbing surface of stiff nylon bristles,
covering an area of ~637 MinThe samples were then divided randomly into twaugs of six samples to
be analysed for Ash Free Dry Mass (AFDM fmand chlorophyla. Samples for Ash Free Dry Mass
(gm®) and chlorophyta analysis were filtered onto glass filters and émzSample processing follows the
methods outlined in APHA (2005).

Qualitative assessments of the estimated substoaterage by periphyton and filamentous green algae
were also conducted at each site in accordancethétA\USRIVAS habitat assessment protocols (Coysh
et al, 2000b) to compliment the quantitative samples.
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)
I

syringe
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-

Plate 3. Diagram of the periphyton sampler (taken from Loeb, 1981)

Plate 4. Periphyton sampler in operation
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2.6  Macroinvertebrate quality control procedures

A number of Quality Control procedures were undetaduring the identification phase of this program
including:

Organisms that were heavily damaged were not selestiring sorting. Attempts were made to
obtain more than 200 organisms, to overcome logsgsciated with damage to intact organisms
during vial transfer.

Identification was performed by qualified and exgeced aquatic biologists with more than 100
hours of identification experience.

When required, taxonomic experts performed confiiona of identification. Reference
collections were also used when possible.

ACT AUSRIVAS QA/QC protocols were followed.
An additional 10% of samples were re-identifiedampther senior taxonomist.

Very small, immature, or damaged animals or pupaé ¢ould not be positively identified were
not included in the dataset.

All procedures were performed by AUSRIVAS accreatiiseaff.

2.7 Licences and permits

All sampling was carried out with current NSW stién research permits under section 37 of the
Fisheries Management Act 1994 (permit number P@&I/(D)).

ALS field staff maintains current ACT and NSW AUSKAS accreditation.
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2.8 Data analysis

2.8.1 Water quality

Water quality parameters were examined for compéawith ANZECC water guidelines for healthy
ecosystems in upland streams (ANZECC and ARMCANJAO(®. Trend analyses of water quality
parameters will be conducted at the end of thelinaseollection period.

2.8.2 Macroinvertebrate communities

The macroinvertebrate data were examined separ&elyifile and edge habitats. Replicates were
examined individually (i.e. not averaged) at alesito examine within-site variation as much as ib
describe patterns among sites. The PERMDSIP routin€ERMANOVA+ was used to test for
homogeneity of multivariate dispersions based oayREurtis similarities from the macroinvertebrate
similarity matrix. The rationale for conducting shiest was based on our previous observations tihem
Angle Crossing macroinvertebrate data set, which fevealed considerable within-site variation in
community assemblages.

Variation in multivariate dispersions can have tpatential consequences on both the hypothesisigesti
component of the community analysis and the ineggpion of the ordination plots. Because both the
ANOSIM and PERMANOVA tests are sensitive to diffeces in multivariate dispersions (one of the
design assumptions is homogenous dispersions idiieds and random effects), this test serves tootfes
one of the key assumptions of the macroinvertebcat@munity modelling. Furthermore, different
degrees of variability (multivariate dispersionshang sites or grouping factors can be an important
indicator of environmental stress on benthic comitres (Warwick and Clarke, 1993); so may be an
important component of this monitoring program is bwn right (Andersoret. al, 2008). All
multivariate analyses were performed using PRIME&sin 6 (Clarke and Gorley, 2006) and
PERMANOVA + (Andersoret al, 2008)). Univariate statistics were performedgdR version 2.12.1 (R
Development Core Team, 2010).

Non-metric multidimensional scaling (NMDS) ordiratiwas performed to reduce dimensionality of the
macroinvertebrate data in order to provide a visaptesentation of the macroinvertebrate relatiqssh
between sites and locationdVithin the NMDS plot, sites closer together inde&athat the
macroinvertebrate communities are more similarrte another than sites further apart in the ordinati
space. In other words, NMDS reduces the dimensignal the data by describing trends in the joint
occurrence of taxa. This procedure was performetth@macroinvertebrate community data following the
initial cluster-analysis.

The initial step in this process was to calculatnailarity matrix for all pairs of samples based the
Bray-Curtis similarity coefficient (Clarke and Wadpk, 2001). For the macroinvertebrate data colkcte
during this survey, the final number of dimensiores reduced to two. Stress values for each NMDE plo
were examined before results were interpreted.sitess level is a measure of the distortion prodiinye
compressing multidimensional data into a reducédtdimensions and will increase as the number of
dimensions is reduced and can be considered a meaktgoodness of fit” to the original data matrix
(Kruskal, 1964). Stress values near zero suggedt NIMDS patterns are very representative of the
multidimensional data, while stress values gretitan 0.2 indicate a poor representation and, tberef
the need to interpret NMDS plots with these softSimess values with caution (Clarke and Warwick
2001).
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An Analysis of similarities test (ANOSIM) was perfioed on the macroinvertebrate similarity matrix to
test whether macroinvertebrate communities werdsstally different upstream and downstream of
Angle Crossing. Sites were nested within locationthe analysis. The Similarity percentages (SIMPER
routine was carried out on the datasets only ifitiigal ANOSIM test was significant (i.e. P<0.05%
examine which taxa were responsible for, and erpththe most variation among statistically sigaific
groupings (Clarke and Warwick, 2001). This proogas also used to determine which taxa characterised
particular groups of sites.

In addition to these analyses, variation in the nwiawvertebrate data set was modelled against
environmental, physical and water quality varialitegxplore which variable or combination of val&ab
correlate to the macroinvertebrate resemblance>matnis was performed using the BIO-ENV procedure
in PRIMER V6. BIO-ENV which compares the biotic amavironmental similarity matrices based on all
possible combinations of the environmental varisibleesulting in a rank-correlation coefficient
(Spearman’s Rho was selected) which can take aresdletween -1 and +1. The extreme Spearman Rho
values indicate either complete disagreement orpteten agreement respectively, between the two
similarity matrices (Clarke and Warwick, 2006). Me$ around zero indicate no relationship between th
biotic and abiotic data sets. Statistical signifioa of the global test (i.e. between all variableshe
abiotic matrix and the macroinvertebrate data aefe obtained by 999 permutations to create a null-
distribution to which our observed value @is compared. The most parsimonious set of varsablas
selected on the basis of the best fit (i.e. smallamber of variables and highgstalue) since there are
no formal tests available in this procedure foivitihal model selection.

2.8.3 AUSRIVAS assessment

In addition to assessing the composition and calitig biometrics from the macroinvertebrate datfier
and edge samples, river health assessments baskd ACT AUSRIVAS spring riffle and edge models
were conducted. AUSRIVAS is a prediction systent tisgs macroinvertebrate communities to assess the
biological health of rivers and streams. Specifjcahe model uses site-specific information todicethe
macroinvertebrate fauna expected (E) to be pregenbe absence of environmental stressors. The
expected fauna from sites with similar sets of fmted variables (physical and chemical charactiesst
which cannot be influenced due to human activieg, altitude) are then compared to the obserxedsaf

(O) and the ratio derived is used to indicate thierg of any impact (O/E). The ratio derived fronmst
analysis is compiled into bandwidths (i.e. X, A-Dgble 4) which are used to gauge the overall hexlth
particular site (Coyshet al., 2000). Data is presented using the AUSRIVAS O/E &dio
(Observed/Expected score for taxa with a >50% gritibaof occurrence) and the previously mentioned
rating bands (Table 4).

The site assessments are based on the resultsbivdmthe riffle and edge samples. The overall site
assessment was based on the furthest band fronemeéein a particular habitat at a particular dfer.
example, a site that had an A assessment in treeauja B Band in the riffle would be given an ailler
site assessment of B (Coyshal, 2000b). In cases where the bands deviate signifibetween habitat
(e.g. D — A) then an overall assessment was avaldedo the unreliability of the results.

The use of the O/E 50 scores is standard in AUSEIVAowever it should be noted that this restricés t
inclusion of rare taxa and influences the sengjtiof the model. Taxa that are not predicted taiocsore
than 50% of the time are not included in the O/&ras produced by the model. This could potentially
limit the inclusion of rare and sensitive taxa anight also reduce the ability of the model to detaty
changes in macroinvertebrate community composiiaer time (Cacet al, 2001). However, it should be
noted that the presence or absence of rare taxavdog naturally over time and in some circumstance
the inclusion of these taxa in the model mightcatk false changes in the site classification becte
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presence or absence of these taxa might be a dunofi sampling effort or the effects of a recent
hydrological disturbance rather than truly reflegtecological change.

2.8.4 SIGNAL-2 (Stream Invertebrate Grade Number — Average Level)

Stream Invertebrate Grade Number — Average LevEbNBL) is a biotic index based on pollution
sensitivity values (grade numbers) assigned totagoecroinvertebrate families that have been @ekiv
from published and unpublished information on thelerance to pollutants, such as sewage and
nitrification (Chessman, 2003). Each family inaanple is assigned a grade between 1 (most tolexadt)
10 (most sensitive). Sensitivity grades are alsergin the AUSRIVAS output which can then be used a
complimentary information to these assigned banthgitb aid the interpretation of each site assessme

We conducted linear mixed effect ANOVA models sapaly for the riffle and edge samples to test for
location differences in the univariate metrics: /-2 scores and AUSRIVAS OES5O0 ratios. The factor
sites (nested within location) was considered a@wan effect representing the river condition upstrea
and downstream of the proposed abstraction poimteMocation (up- and downstream) was considered a
fixed, constant effect. Data transformations wesemecessary because the model assumptions were met
on all accounts. Models were constructed using I(Bateset al, 2011), a statistical package applied in
the R environment (R Development Core Team, 20EH).all analyses, the level of significance (ajpha
was set to 5%.

Several metrics in addition to AUSRIVAS and SIGN&Llwere used. The number of taxa (taxa richness)
was counted for each site and other descriptivericsesuch as the relative abundances of pollution-
sensitive taxa (Ephemeroptera, Plecoptera and dpteha- EPT) and, pollution-tolerant taxa, (i.e.
Oligochaeta and Chironomids) were examined at faand genus levels. Taxa richness was monitored as
a means of assessing macroinvertebrate diverdityassessing the taxonomic richness of a sites it i
important to keep in mind that high taxa richnessres may, though does not always, indicate better
ecological condition at a given location. In certaistances high taxa richness may indicate a rsspto

the provision of new habitat or food resources thaiht not naturally occur as a result of anthragug
activities.
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Table 4. AUSRIVAS band-widths and interpretations for the ACT autumn riffle and edge models

RIFFLE EDGE
O/E Band width  O/E band width Explanation
X More diverse than expected
>1.14 >1.13 . . ' . . .
Potential enrichment or naturally biologically rich.
A 0.86-1.14 0.87-1.13 Similar to reference. Water quality and / or
habitat in good condition.
B o . . .
0.57-0.85 0.61-0.86 Slgnlf|cantly im pa|red. Water qual!ty qnd/ or
habitat potentially impacted resulting in loss of
taxa.
C : : .
) . Severely impaired. Water quality and/or
U230 CLEHEded habitat compromised significantly, resulting
in a loss of biodiversity.
D Extremely impaired. Highly degraded. Water
0-0.27 0-0.34 and /or habitat quality is very low and very few of
the expected taxa remain.
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2.8.5 Periphyton

To test whether estimated biomass (AFDM) and limetent (chlorophyla) were different between sites
upstream and downstream of Angle Crossing, a metetts, analysis of variance was fitted to the-og
transformed data for AFDM and Chlorophyll-a. Thee dactor was nested within location (upstream or
downstream of the abstraction point); consequesttg, and location were treated as random and fixed
effects, respectively in the ANOVA model. Log-tréarsnation was necessary to meet the assumptions of
normality. For the purposes of graphical visualisathowever, raw data are presented.

The relationship between the spring periphyton daé a suite of environmental and physico-chemical
water quality parameters was examined using Peargmoduct moment coefficients. The Pearson
correlation coefficient measures the strength ef tblationship between two variables (x and y). The
correlation coefficient, denoted as “R”, can pesitor negative, with the values -1 or +1 indicatihgt

the observations fall along a straight line (eithegatively or positively) and 0 indicating no teaship
between the variables. Univariate statistics vpergormed using R version 2.10.1 (R DevelopmeneCor
Team, 2010). Significance testing was not performedhese data because of low sample size (n=b in a
cases).
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3 Results

3.1 Summary of sampling and river condition

Sampling for the autumn 2010 sampling run was coraglion the 22and 2%' of November. At the time

of sampling, the mean daily flow recorded at thasebt gauging station (MURWQO09: Upstream of Angle
Crossing) was 393 ML/d, while flows downstream abh’s Hole were 474 ML/d. Sampling was delayed
as long as possible in spring due to a series g@if flow events that came through the catchment.
Following flood events, the ACT AUSRIVAS samplingppocol states that sampling must not occur when
a stream is in flood and sampling should resumev@aeks after the floods subside (Cogstal, 2000).

Flows remained high through the catchment moshefspring period, which meant a decision was made
to go ahead with sampling despite not quite meetlveg four week down time between events. This
decision was made based on weather patterns dintke(i.e. there was no indication that the rainfal
would cease for a long enough period to sampleinvttie AUSRIVAS seasonal guidelines). As a result,
the Murrumbidgee River flows - within the domaintb& Angle Crossing monitoring program - were still
running high, which meant that macroinvertebrated periphyton at MUR 28 (upstream of the Cotter
confluence) was not sampled for in this round offsiing.

During sampling, the ambient temperatures wereh fange of 28-33°C and conditions were fine.
Despite high river levels, there had been no raar the previous 8 days. Riffle zones were inurdiared
flows in the edge habitats were swift (almost thieees the current velocity from the previous rowid
sampling).

3.2 Hydrology and rainfall

As discussed above, high flows were the dominaatufe of the Murrumbidgee during the spring period.
Analysis of the flow data from Lobb’s Hole stati@t10761) indicate that flows for the three monthiquk

in the Murrumbidgee River averaged 889 ML/d, whilestream of Angle Crossing (MURWQ) flows
averaged 792 ML/d for the same period (Table 5p @herage spring flows (September — November),
based on the historical records from Lobb’s Holtidate that these were the highest recorded sip@é, 1
while rainfall gauged at Lobb’s Hole (570985) otke same period was the second highest on record
(period of record: 1974-present).

Constant rainfall throughout spring triggered sal/bigh flow events (Figures 2 & 3). The largesthise
events occurred in mid-October, where flows peakied16,000 ML/d at Lobb’s Hole after 103 mm of
rain fell over four days. There was a long reces$ilob due to the 4-5 days of continual rainfalldaing
the flow peak. Flows remained at approximately 1800d during the first three weeks of November,
corresponding to almost two weeks of continual fedir{Figures 2 & 3). Daily mean flows towards the
last week of November dropped back to 300-400 Mwkich was when sampling took place.

Table 5. Autumn rainfall and flow summaries upstream and downstream of Angle Crossing. Flow values
are daily means. Rainfall is total (mm)

Site Upstream Angle Crossing Lobb’s Hole
MURWQO09 410761

Rainfall Total Mean Flow Rainfall Total Mean Flow
(mm) (ML/d) (mm) (ML/d)
83.2 1079 87.2 1120

1326 711 151.2 859
136.3 585 129.5 690
Spring (total / mean) 352.1 792 367.9 889
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ALS Water Resources Group ACT CITRIX HYDSTRA HYPLOTVISS Oufput 24032011
Period 3 Month  Plot Start 00:00_01/09/2010 2010
Interval 3 Hour Plot End  00:00_01/12/2010
— 410761 Mbgee at Lobbs Hole ~ 141.00 Mean Discharge (M/Day)
— MURWQO9 Murr U/S Angle Xing 141.00 Mean Discharge (Ml/Day)
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Figure 2. Spring hydrograph of the Murrumbidgee River upstream of Angle Crossing (MURWQOQ9) and
downstream of Angle Crossing at Lobb’s Hole (410761)
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ALS Water Resources Group ACT CITRIX HYDSTRA

Period 3 Month  Plot Start 00:00_01/09/2010
Interval 3 Hour Plot End  00:00_01/12/2010
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Figure 3. Spring rainfall in the Murrumbidgee River catchment: upstream of Angle Crossing (MURWQOQ9)
and downstream of Angle Crossing at Lobb’s Hole (410761).
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Water quality

3.2.1 Continuous records

The results of continuous water quality monitoraigthe two gauging stations were extracted for the
spring period, defined as the period between 1/8fD1/12/10. These results are summarised below.

There are some gaps in the continuous records botin gauging stations (Figures 4 & 5). Data are
missing for dissolved oxygen on two separate oocasifollowing high flow events upstream of Angle
Crossing. The inaccuracies in the dissolved oxygmmsor were caused by silt deposition on the sensor
following the high flow events. Efforts are beingde to reduce the reoccurrence of this at this Flie

four days of data that were lost in early Octolvenf the Lobb’s Hole station was a result of liglitgn
damage.

The overall trends in the water quality time sedasa show are indicative of the responses to ¢hgng
flow conditions. For example, there were corresjpomddecreases in electrical conductivity with
increasing flows, while the dissolved oxygen daygles fell within a shallower range during flowais
(Figures 4 & 5). Both stations tracked fairly ctamgly through the season, although there were some
differences in the diurnal patterns of dissolvedgg®n, which were likely to be (over and above the
influence of flow) a function of different sensoepths between the two stations. Surface water
temperature, displayed an increasing monotonidatresulting in an average 8°C increase over thegpr
period Table 6; Figures 4 & 5).

Comparisons of the continuous data records to théE2ECC and ARMCANZ (2000) guidelines show that
both stations, upstream and downstream of Anglesing, generally fell within the specified guideln
and are highly comparable between both stationbl€T@). The exceptions were mean daily turbidity
readings which exceeded the recommended guidetinés8 and 20 days (based on daily mean values)
up- and downstream of Angle Crossing respectivglil was slightly above the upper guideline for the
first 5 days in October upstream of Angle Crossuotherwise all other parameters met the ANZECC and
ARMCANZ (2000) guidelines.

The grab sample results also show that the majofigghysico-chemical parameters meet the ANZECC
and ARMCANZ (2000) guidelines. The only excepti@ndissolved oxygen at MUR 15 (Table 6), but
given that all the spot readings were conductedliti¢rent times of day, they are not necessarily
comparable between sites. The strength of thetiatigial gradient for EC and alkalinity was wealwart
previously seen during periods of lower, more gtdldws; which highlights the homogenising effeots
these high flow periods upon water quality. Nutridata (namely Total Phosphorus and Total Nitrogen)
exceeded the guidelines across all monitoring.sithe TP concentrations represent a two-fold ire@ea
from the autumn results (except MUR 23), althoughcbncentrations are similar across both seasdhs. T
concentrations had a narrow range (0.4 — 0.5),enfiN was more variable (range: 0.37-0.51) acrdss.si
The highest TP and TN values were recorded at MBRTAble 6), while the lowest were upstream at
MUR 15. Nitrogen oxide values were below detectdiohits on this occasion. Ammonia ranged from
0.07 mg/L at MUR 15 to 0.01 mg/L at MUR 28.
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Table 6. Monthly water quality statistics from upstream and downstream of Angle Crossing. All values are
means, except D.O. % Sat. which is expressed as mean monthly minimums and maximums.

Analyte Temp. T EC (us/cm) pH Turbidity (NTU) D.O (% sat.)
Max. in parentheses
- S D/S uis D/S uis D/S u/s D/S uis D/S
124 125 47 62 709 775  62[1558]  26([775] 8298  96-100

167 171 70 72 758 768  37[798] 45[750] 7698  97-101
202 202 66 82 730 771  33[880] 18[145] 88102 93-100

16,5 166 61 72 7.30 771  44[1558]  29[775] 8299  95-101

U/
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2000.

ALS Water Resources Group ACT CITRIXHYDSTRA

Period 3 Month  Plot Start 00:00_01/09/2010
Interval 3 Hour Plot End  00:00_01/12/2010
— MURWQO09 Murr U/S Angle Xing 810.00 Max & Min  Turbidity (NTU)

HYPLOT V133 Output 25/03/2011

2010

16003
12007

E = oS A

— MURWQO09 Murr U/S Angle Xing 450.00 Mean WaterTemp(DegC)

— MURWQO09 Murr U/S Angle Xing 821.00 Mean EC (uS/cm) Comp 25 C

W

— MURWQO09 Murr U/S Angle Xing 804.00 Mean pH

— MURWQO09 Murr U/S Angle Xing 1152.00 Max & Min DO (% saturation)

(&)
=IR=M=

.

Sep Oct |

Nov

Figure 4. Continuous water quality records from upstream Angle Crossing (MURWQOQ9) for spring 2010. The shaded area indicates two periods where silt
deposition, following rainfall, resulted in inaccurate or no data being recorded for dissolved oxygen.
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ALS Water Resources Group ACT CITRIXHYDSTRA

HYPLOT V133 Output 25/03/2011

Period 3 Month  Plot Start 00:00_01/09/2010 2010
Interval 3 Hour Plot End 00:00_01/12/2010
— 410761 Mbgee at Lobbs Hole  810.00 Max & Min  Turbidity (NTU)
1000
8007
6007
4007
2009
(0x A
— 410761 Mbgee at Lobbs H 50.00 Mean WaterTemp(DegC)

— 410761 Mbgee at Lobbs H

145

21.00 Mean

EC (uS/cm) Comp 25 C

120

— 410761 Mbgee at Lobbs H

pH

Y P s W VAP P N

52.00 Max & Min

DO (% saturation)

— 410761 Mbgee at Lobbs H
107,
1023
97§N\MM“MMN\IWWMWW
92

Sep |

Oct

| Nov

Figure 5. Continuous water quality records from Lobb’s Hole (downstream Angle Crossing: 410761) for spring 2010. The shaded area indicates the four day

period when the probe was under repair following lightning damage
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Table 7. In-situ water quality results from spring 2010 (ANZECC guidelines are in red). Yellow cells indicate values outside of ANZECC and ARMCANZ
(2000) guidelines. *ns = not sampled

EC = Electrical conductivity; TSS = Total suspended solids; D.O = Dissolved oxygen; Alk. mg/L; TP =ph  osphorus; TN = total nitrogen

Turb. . TP TN
: Temp EC (us/cm) D.O. (% Dissolved . . A i
. . Time (NTU) NOX (mg/L) Nitrate Nitrite mmonia (mg/L) (mg/L)
Location Site Date ©) TSS(mg/L) pH Sat.) ?:%%E; : (mg/L) (mg/L) (mg/L)
MRS | B0 | 515 9.8 14 6.95 89.3 8.06 26 <0.01 <0.01 <0.01 0.07 0.04 0.37
8
5
= MUR16 | 1200 | 535 64.7 16 36 7.03 94.4 8.37 31 <0.01 <0.01 <0.01 0.04 005 | 051
IS
3
MURIS | 1430 | 344 69.7 10 12 7.50 99.3 8.58 33 <0.01 <0.01 <0.01 0.04 0.04 0.46
o MUR19 | 1980 1 246 70.1 (2 11 7.92 98.8 8.52 33 <0.01 <0.01 <0.01 0.03 0.04 0.46
B
£
s MUR23 | 1310 1 94 79 12 14 7.70 95.4 8.32 38 <0.01 <0.01 <0.01 0.06 0.04 0.47
@
S
8 MUR 28 22}33‘1’0 22.1 82 14 14 7.32 100.1 9.06 33 <0.01 <0.01 <0.01 0.01 0.04 0.48
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3.3 Periphyton

The distribution of the chlorophy#l-estimates ranged considerably amongst samplieg, ditom 220
ng/m? at MUR 19 to 13900 pg/fmat MUR 16 (Figure 6a). Average chlorophyll-a cortcaiions were
lower upstream of Angle Crossing (mean= 3868 [fg/oompared to downstreaimean= 5492 pg/in)
however, these differences were not statisticaleint (F; = 0.01; P>0.05; Table 7)lhe spatial
distribution of chlorophyll differed to previous sampling runs (ALS, 2009 &120 in that we have
previously seen a linear increase in median coragoms up to MUR 23, at which point there is a kedr
spike in chlorophyll-a which is maintained downM&JR 28. While no data are available for MUR 28 for
this round of sampling, the patterns in the datansh more or less consistent pattern upstream oRMU
23, although there is still a shift towards highmdian values at this site, and an apparent inerieahe
25" percentile and minimum values (Figure 6a).

Ash free dry mass (AFDM) concentrations displayietlar spatial patterns as chlorophyll-concentnagio
(cf. Figures 6a & 6b). Mean chlorophydland mean AFDM were moderately correlated indigatiome
degree of algal derived chlorophyll-a in the AFD&h®les. Like the chlorophyll-a data, AFDM estimates
tended to be lower upstream of Angle Crossing (met519 mg/rif) than they were downstream (mean
=8681 mg/rif) however these differences were not statistiagiffgrent (F.;= 0.01; P>0.05; Table 7).

AFDM and chlorophyll-a are correlated (R=0.72) gating that a proportion of the chlorophyll-a détec

in the detrital matter is algal derived. Given gteength of the relationship between these paramétis

not surprising then, that there are similar retships between these biological parameters and the
environmental variables (Table 8).

AFDM and chlorophyll-a concentrations declined wititreasing riffle velocity (R=-0.88 and -0.84
respectively) (Table 9). Previous rounds have sstggemoderate relationships between periphyton and
water quality, but no such relationships are apgdrethe current study. Substrate composition apgak

to have a minor role in the distribution of peripdry, with weak relationships being detected for AMFD
and chlorophyll-a. Bedrock appeared to provide ablet environment for AFDM and chlorophyll-a,
whereas AFDM declined as sand increased (R=-0a41?) chlorophyll-a declined as pebbles increased in
the riffle substrate (R=-0.61).
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Table 7. Nested analysis of variance results for chlorophyll-a and AFDM concentrations

Response Source DF F-value | P-value

Chlorophyll-a (log) | Location 1 0.016 0.92
Site [Location] 3 10.53 <0.001
Residual 29

AFDM (log) Location 1 0.87 0.42
Site [Location] 3 8.82 <0.001
Residual 29

Table 8. Pearson's correlation coefficients between mean AFDM, mean chlorophyll-a concentrations and
the most important environmental parameters (based on the strength of the correlation)

Parameter Mean log AFDM Parameter Mean log Chlorophyll-a
Mean velocity -0.88 Mean velocity -0.84
% Trees 0.53 % Trees 0.85
Shading -0.64 Shading -0.71
% Bedrock 0.59 % Bedrock 0.58
Sand -0.42 % Pebble -0.61
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Figure 6. The distribution of a) chlorophyll-a; and b) Ash Free Dry Mass (AFDM) upstream
and downstream of Angle Crossing

Strip chart values (in blue) represent the raw data values for each site. See APPENDIX C for
an explanation of how to interpret box and whisker plots.
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3.4 Macroinvertebrate communities
3.4.1 Riffles

The non-metric multidimensional scaling (NMDS) ptatthe riffle macroinvertebrate data
shows one distinct cluster which contains all & tipstream sites, which represents 70%
similarity within this group (Figure 7). Variationf the taxonomic composition between
locations (i.e. upstream and downstream) was sogmfly different, based on the ANOSIM
results (R=0.76; P=0.05; APPENDIX C). The high Rtistic in this case indicates that the
similarities within each level of group “locatiote more similar to one another than they
are to other samples in the other levels of thaigrocation — in other words, upstream
samples are more similar to other upstream santpi@s they are from samples taken
downstream. There are also very different dispassiamong groups. Upstream sites are
much less dispersed than the downstream sites ré~igy which is confirmed by the
PERMDISP analysis (ks= 39.51; P<.0001).

Taxa that contributed to the location differencesthis analysis are shown in Table 9.
Approximately 70% of the dissimilarity between thdw/o locations was due to differences
in the mean abundances of 15 taxa. These taxadadngheir SIGNAL sensitivity ratings
from 2-8, although most were considered moderatdéyant with scores in the 4-6 range.

As in previous sampling runs, taxonomic richness veasonably consistent across sampling
sites (Figure 8). The number of families collectemin this assessment ranged from 18 (at
MUR 16) to 27 (at MUR 15). The number of generdemtéd was in a similar range with 24
collected at MUR 19 and the most, 34 collected &RM15. The number of these taxa
representing the EPT suite of invertebrates raffigea 7-9 families and 11-16 genera. MUR
15 had the most number of EPT families and gemneinde MUR 19 (downstream of angle
Crossing) had the least.

Patterns in taxa abundances show, that while thigiluition EPT taxa was relatively even
across all of the sites, there were consideralffierdinces in their relative abundances (Figure
9) and there is an apparent trend of decreasing BR& with longitudinal distance
downstream. EPT taxa made up approximately 38%aetommunity composition at MUR
15, while at MUR 19 on average only 3.8% of the oamity abundance was comprised of
EPT taxa. This pattern is largely driven by dedrepaumbers of Hydropsychidae (SIGNAL
=6) and a reciprocal increase of Simuliidae (SIGNA)L

Simulids dominated the macroinvertebrate commuattyVlUR 19 and contributed almost
50% to the total abundance estimated for this Steulids were also highly abundant at
MUR 23, but there was an almost ten—fold increasehe number of Hydropsychidae
compared to MUR 19. Despite this, common mayflesained low in number at MUR 23
(and MUR 19) compared to MUR 15-18. Baetidae (SIGN#5) and Leptophlebiidae

(SIGNAL=8) were common and relatively abundant gz of Angle Crossing, but became
sparse and less abundant at MUR 19 and the otleenigjuitous Caenidae (SIGNAL=4)
was completely absent from MUR 19.

MUR 19 and MUR 23 stand apart from the main groog for different reasons. MUR 19 is
dominated by two taxa: Simuliidae and Oligochaetaich together comprise up to 72% of
the total community abundance at this site. MURal$h lacks some of the lower level
(genus) taxonomic diversity that all the other sitentain, especially within the Caddisfly
order (Trichoptera) and perhaps most obvious irfahaly Hydrobiosidae (SIGNAL= 8) and
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Hydroptilidae (SIGNAL = 4) (see Table 10 for groupsmparisons of mean abundances).
MUR 23 on the other hand is split into two groutt® first is contained within the main
cluster and is approximately 65% similar to thetrgssm sites. The second group differs in
that the samples are dominated by Simuliidae anthdking of the common mayflies:
Baetidae and Caenidae and, like MUR 19 has lowemtamic diversity in the Trichoptera

group.

The results from the BIO-ENV analysis show a moteralationship between the observed
macroinvertebrate similarity matrix (Bray-Curtisméliarity) and riffle current velocity
(p=0.49); % pebbles (in riffle)pE0.45) and % gravel (in riffle)p€0.4). The combination of
the best three variables resulted in an overatrspan’s rho correlation coefficient of 0.59,
which was significantly different than would be exped by chance based on 999
permutations. The ten best combinations of enviemtal variables to the macroinvertebrate
similarity matrix are given in APPENDIX D.
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Figure 7. Non-metric multidimensional scaling of genus data from the spring riffle samples

Ellipses represent the 70% similarity groups

Note: Green dots represent upstream sites, blue squares represent downstream sites
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Table 9. Results from the SIMPER analysis comparing location effects upstream and
downstream of Angle Crossing

Upstream Downstream

Family / Genus SIGNAL Av.Abund Av.Abund JAv.Diss Diss/SD Contrib% Cum.%
Hydroptilidae / Hydroptila 4 3.42 0.35| 2.70 3.03 6.35 6.35
Hydroptilidae / Oxyethira 4 2.87 0.00| 2.53 3.08 5.94 12.29
Empididae 5 3.53 0.77| 2.43 2.32 5.72  [18.01
Oligochaeta 2 2.64 4.19] 2.30 1.37 5.40 23.41
Caenidae / Tasmanocoenis 4 2.94 1.14| 2.08 1.61 490 [28.31
Tipulidae 5 2.86 0.99] 1.97 1.46 4.64 32.96
Hydropsychidae / 6 7.04 3.24 | 1.79 1.58 4.00 41.72
Cheumatopsyche

Simuliidae 5 4.66 5.71| 1.75 1.65 4.11 45.84
Hydr_op_sychidae / 6 1.13 246 1.74 1.39 4.10 49.93
IAsmicridea

Baetidae / Baetis 5 2.26 0.98] 1.55 1.33 3.64 |53.57
Ecnomidae / Ecnomus 4 1.87 0.95[ 1.50 1.25 3.53 57.10
Hydrobiosidae 8 1.95 0.53| 1.47 1.43 3.46 60.56
Orthocladiinae 4 5.70 4.22| 1.46 1.79 3.44 64.00
Ceratopogonidae 4 2.05 0.95| 1.37 1.30 3.23 67.23
Tanypodinae 4 3.25 1.96( 1.34 1.53 3.14 70.37
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Figure 8. Total number of taxa at genus and family levels in the riffle and edge habitats

Note that MUR 28 was not sampled in spring 2010

Sensitive taxa
Tolerant taxa
~~ 1 -
S
(]
(8]
C —
© 60 - r
©
c
>
®
o 40 - -
=
e}
K]
(O]
x 20 H L

%
5
%
o
R
R

Site

Figure 9. Average relative abundances of sensitive and tolerant taxa from sites upstream
and downstream of Angle Crossing
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3.4.2 Edges

Taxonomic richness was highest at MUR 15 whereaPiilies and 35 genera were collected
(Figure 8). MUR 19 recorded the low count of tak&anily and genus level. There were no
obvious patterns across sites or no obvious logatifference, other than the low number at
MUR 19, which is immediately downstream of Angleo€sing.

The ordination analysis shows that the multivarizaation (dispersion) between locations
is approximately the same for both locations (Fegui0), which is confirmed by the
PERMDISP analysis ¢k, = 0.56; P=0.51). ANOSIM results from the edge
macroinvertebrate community data indicate no diffiee between locations (R=0.08;
P=0.33), which is consistent with the ordinatiootpivhere it can be seen that sites from both
locations form one large cluster containing thritessthat are approximately 65% similar
(Bray-Curtis distance). The remaining clusters amnsites from specific locations, but MUR
19 (downstream of Angle Crossing) is grouped alane, some distance from the other sites.
Overall, the edge habitat was dominated by toletaxd with moderate SIGNAL-2 scores
Chironomids and Oligochaetes were the two domigamtips making up to 70% of the total
community abundance (i.e. MUR 19). Communitieddoot be differentiated by ANOSIM
analysis because the number of shared taxa anolvérall structure between locations was
very similar.

The location of MUR 19 in the ordination space (ffeg10) is due to much lower diversity
than the other sites, as indicated in Figure 7. WMahthe common edge taxa are either
completely absent from MUR 19 or poorly representibgse taxa included: Corixidae
(SIGNAL=2), Caenidae (SIGNAL=4); Gyrinidae (SIGNA#¥rand Dysticidae (SIGNAL=2).
Taxa that characterized the remaining sampling dtaded to have moderate SIGNAL-2
scores. The most dominant taxa across all of tlge edmmunities were Orthocladiinae
(SIGNAL =4) and Simuliidae (SIGNAL=5), followed b@hironominae (SIGNAL =3) and
Oligochaeta (SIGNAL=2).

There were fewer individual taxa from the EPT graughe edge samples compared to the
riffles and lower diversity at the family and gerieasel. Most of the usually common EPT
taxa, including Leptoceridae (SIGNAL=6); Baetida®l &Caenidae, though not absent from
these sites were poorly represented. Leptocerideeasent from MUR 16, 18 and 19. The
most prolific of these (EPT) taxa were the Hydrigdie (SIGNAL =4) at MUR 15 & 16.

The BIO-ENV results indicate a strong relationsbgiween the observed macroinvertebrate
similarity matrix (Bray-Curtis similarity) and a pwination of five, best fitting variables,
namely: mean current velocity; % boulder, % peb%egravel and the per cent composition
of shrubs in the riparian zone given a combineda8pan’s correlation gi=0.72, which was
significantly different from zero (P=0.001; APPENDD). While this was the best fit the
most parsimonious model had three variables andalvaest as good as the five-variable
model 0=0.71; P=0.01). The combined variables in the pasious model were: % Sand;
mean current velocity and pH. The best selectioms fthe BIO-ENV analysis are given in
APPENDIX D.
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Figure 10 . Non-metric multidimensional scaling of genus level data from spring edge
samples

Ellipses represent the 65% similarity groups

Note: Green dots represent upstream sites, blue squares represent downstream sites
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3.5 AUSRIVAS assessment

The AUSRIVAS assessment for the riffle habitat skow change at MUR 16, MUR 18 or
MUR 19 since autumn, although direct comparisona @eason by season basis indicates
that MUR 15, 16 and MUR 23 have improved riffle tabassessments than they did in
spring 2009 (shifting from BAND B to BAND A (Tablg2). By comparison, MUR 18 and
19 returned BAND B assessments, which is what ktzeye been since spring 2009. A full list
of taxa, predicted to occur from the AUSRIVAS maqdait were absent from each habitat
are presented in APPENDIX E.

There was no difference between the observed tecteq ratios between sites upstream and
downstream of Angle Crossing (= 1.29; P=0.33; Figure 11) despite a slight higher
average upstream of Angle Crossing (mean =0.94)paosa to downstream (mean=0.86).
The effect of location accounted for only 6% of tb&l variation within the dataset, while
site to site variation within location had an estied variance component of 52%. Similarly,
there were no statistical differences detected éetwocations for the SIGNAL-2 scores {F

= 0.025; P=0.88; Figure 11). The highest SIGNALerRaverage were recorded at MUR 18
(mean=5.2), while the lowest was at MUR 15 (mearn/8¥ however there was a very
narrow range across all sampling sites (see Tabferldetail).

The only obvious pattern relating to missing tageas sampling sites was the absence of the
more sensitive taxa from most sites. For examplejdae (SIGNAL=7) was missing from
95% of samples, while where predicted, Psephenj8#8NAL=6) was missing from all
samples. Other taxa included Gripopterygidae (SIGMBY and Glossomatidae
(SIGNAL=9); the later only being collected at MUR th one of the samples. Taxa with low
to intermediate SIGNAL-2 scores tended to be ab&emh selected samples, but were
generally not entirely missing from a given sitdheTexception to this rule was Caenidae
(SIGNAL =4), which was absent from MUR 19.

There were no differences found between locatiorether the O/E 50 scores, = 0.095;
P=0.78; Figure 12) or the SIGNAL-2 scoreg {E 0.001; P=0.97; Figure 12) based on the
edge AUSRIVAS modelling. Reliable site assessmemse problematic for the edge
samples, as there was significant within-site \alitg in O/E50 scores at certain sites, most
likely due to the effects of high flow disturbanoa edge habit in this section of the
Murrumbidgee River. For instance, there are wiolgfidence intervals for O/E50 scores for
edge habitat at sites MUR 15 (OE/50: 0.66 — 1.22) MUR 18 (OE/50: 0.55-1.00) (Figure
12). This degree of variability makes determinappropriate AUSRIVAS model bandings
less reliable. Hence, no overall AUSRIVAS siteesssnent is provided as part of this study
for MUR 15 and MUR 18. However, the site-based sswsents for the remaining sites
indicated a decline in condition at MUR 16 and MWU®& which were assessed as BAND C
and no change in the condition at MUR 23 (Point Elaissing) compared to spring 2009.
These comparisons also apply to autumn 2010, wihsitess were assessed as BAND B.

Missing taxa from the edge samples spanned a veidger of SIGNAL -2 scores, ranging
from the tolerant Corixidae (SIGNAL=2) to the highbkensitive Leptophlebiidae and
Gripopterygidae (both SIGNAL=8). There are no clpatterns in the table of missing taxa
(APPENDIX E), suggesting perhaps that the absefithese taxa and hence the resulting
AUSRIVAS bands are due to stochastic processe®rrdtian a specific cause across the
sampling sites.

The poor community structure in the edge habitaiss reflected in the Average SIGNAL-2
scores across sites, which tend to be lower thariffle samples (Table 12). The lowest,
average was recorded at MUR 19 (mean =3.4), whehedsighest was recorded at MUR 23
(mean =4.4).
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Table 10. AUSRIVAS and SIGNAL scores for spring 2010.

*NRA =No Reliable Assessment

B ﬂ

SIGNAL-2 AUSRIVAS O/E score AUSRIVAS band Overall habitat assessment | Overall site
cesessmet

Mur 15 1 4.92 4.17 1.10 0.66 A B
Mur 15 2 5.00 4.29 1.01 0.78 A B
Mur 15 3 4.92 3.50 1.10 0.44 A € .
Mur 15 4 4.64 4.44 1.01 1.00 A A MFG e
Mur 15 5 4.64 4.55 1.01 1.22 A X
Mur 15 6 4.64 3.78 1.01 1.00 A A
Mur 16 1 4.92 3.86 1.01 0.78 A B
Mur 16 2 4.92 3.40 1.01 0.55 A €
Mur 16 3 5.00 4.29 0.93 0.78 A B c c
Mur 16 4 5.00 = 0.93 = A =
Mur 16 5 5.00 = 0.93 = A =
Mur 16 6 4.92 = 1.01 = A =
Mur 18 1 5.00 4.40 0.87 0.55 A €
Mur 18 2 5.23 3.60 1.03 0.55 A C
Mur 18 3 5.00 4.00 0.95 0.78 A B
Mur 18 4 5.10 4.22 0.79 1.00 B A R IR
Mur 18 5 5.44 4.22 0.71 1.00 B A
Mur 18 6 5.42 3.60 0.95 1.00 A A
Mur 19 1 5.09 3.60 0.86 0.55 A C
Mur 19 2 5.10 3.20 0.78 0.55 B C
Mur 19 3 5.10 3.50 0.78 0.44 B € c c
Mur 19 4 4.80 = 0.78 = B =
Mur 19 5 4.78 = 0.70 = B =
Mur 19 6 5.10 = 0.78 = B =
Mur 23 1 4.64 4.44 1.06 1.00 A A
Mur 23 2 4.70 4.89 0.97 1.00 A A
Mur 23 3 4.70 4.89 0.97 1.00 A A B B
Mur 23 4 5.17 4.00 1.16 0.78 X B
Mur 23 5 5.00 4.50 0.88 0.89 A A
Mur 23 6 5.33 3.67 0.87 0.66 A B
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Figure 11. Average AUSRIVAS OE/50 scores (top) and average SIGNAL-2 scores for riffle
samples from upstream and downstream of Angle Crossing

Error bars are 95% confidence intervals
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Figure 12. Average AUSRIVAS OE50 scores (top) and SIGNAL-2 scores for the edge
samples from upstream and downstream of Angle Crossing

Average AUSRIVAS OES50 scores (top) and S

Error bars are 95% confidence intervals
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4  Discussion

4.1 Water Quality

Sustained periods of high flows through spring Itesiuin similar values for most of the water qualit
parameters assessed in this study (Table 7). Titybidmained above ANZECC and ARMCANZ
guidelines for prolonged periods during spring (fFegs 4 & 5), as a result of ongoing rainfall and
catchment runoff. pH exceed the upper thresholgl@during the first week of October and onlyle t
gauging station, upstream of Angle Crossing. Tlasaa for this is unclear, however, despite thefgega
exceeding the water quality guidelines, the pH &alare within the range seen throughout this projec
and indeed in ALS’s historical records for thistgat of the Murrumbidgee River.

The results from the grab samples are comparabtleet@ontinuous records, although pH and turbidity
levels were within the guidelines at the time ahpéng (Table 7), which is due to sampling occugrat
the tail of the recession curve on the hydrograpigufe 2). Total phosphorus (TP) was twice the
guideline values across all sampling sites, whde&nitrogen (TN) was a bit more variable acrassss

The total nitrogen values collected in this roumdga@ampling are similar to those collected autumbh@®0
which was a period of low, stable flow. While irriggg 2009, following a high flow event we found TN
levels to be up to five times the concentratiorhef current study. This demonstrates firstly tresyite

the current results being collected on the recetfiimly following extended periods of high flows, tihél
levels are within the same range as they are dyargpds of low, stable flows, suggesting that the
background levels within this section of the catehtare high because of the land use history in the
catchment.

4.2 Periphyton

Although nitrogen and phosphorus are often a ligifiactor in plant growth (Allan and Castillo, 2008
there was no relationship between AFDM and chloybpdn with the nutrient data, or in fact any of the
water quality parameters in this study. High flomsy have masked any relationship between the
periphyton and nutrient data because site to sitéation in the nutrient concentrations was less
prominent than autumn, when there were strong $reletected between these variables. Current welocit
was negatively correlated to both AFDM and chlordbh, suggesting that concentrations decrease with
increasing velocity (Table 8). On this basis, b&EDM and chlorophylla should be expected to increase
downstream of Angle Crossing relative to upstreaathes under the M2G Project, given that flows will
be reduced from current levels downstream of Alessing due to water abstraction.

In this study, there was no evidence of a locatiffiect on chlorophyll-a concentrations or AFDM
(Figures 6a and 6b). Although this result is cdesiswith all other sampling runs to date, comparss
between the current quantitative findings and pmesi sampling seasons show much higher
concentrations of both parameters upstream of AQgtessing in the current study than in previous
studies (Ecowise, 2009; ALS 2010). It is likelathhese higher concentrations, particularly at MLER
and 16 have increased through periodic nutrienteBusince the largest flow event that occurred in
October. Since then, flows have been relativelplstalbeit high, thus perhaps allowing biomass waicr
during this period.

The increased AFDM and chlorophgleoncentrations may be an indication that TP idith#ing factor

for algal growth (despite the absence of any catim between the variables as previously indidated
given that TN levels are remarkably similar to poe¢ studies, where AFDM and chlorophall-
concentrations have been markedly lower during mowler base flow conditions. The consistently high
concentrations of chlorophydl-and AFDM at MUR 23 (Point Hut Crossing) (Figurea & 6b
respectively) are comparable to previous studieonyise 2009; ALS, 2010) showing a very similar
spatial pattern. The explanation for these appagtvated concentrations remain as they have for th
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previous studies — that frequent spillages frornPéiut Pond (APPENDIX F) are likely to deliver
nutrients to this site at a more constant rate Umxaf the highly urbanised upstream catchment area

4.3 Macroinvertebrate communities and AUSRIVAS assessme nt

There was some evidence to suggest the upstrefien admmunities differed from the downstream
communities (Figure 7; APPNDIX C). However, thisult should be interpreted with a certain degree of
caution because the resulting p-value is on thp ofishea-priori alpha value and therefore provides no
firm evidence to neither accept the null hypothesisio difference nor reject it with a high degrae
certainty. Another consideration is the absenc®lldR 28 from the analysis, which, based on data from
all previous assessments, generally clusters withRML6 and 18 at approximately 65% similarity.
Finally, this result is complicated by the sigrafintly different multivariate dispersions detectetween
locations, which can be seen in Figure 7. As prashiomentioned, ANOSIM can be sensitive to différen
among group dispersions (Andersetral,, 2008); therefore, the following interpretatioitlois particular
result should take the preceding information irdasideration.

The location difference from the riffle data indiesithat around 70% of the dissimilarity is basedie
cumulative effect of the mean abundance of 15 (&gble 9). These taxa had mainly low to intermegdiat
water sensitivity (SIGNAL-2) scores, which indicatieat there were no differences in the average
abundance of highly sensitive taxa (i.e. sensitasea were generally poorly represented in thisystud
irrespective of the location). Generally, there evigrcreased abundances of Simuliidae (SIGNAL =8) an
Oligochaeta (SIGNAL =2) downstream of Angle Crogsiimdeed, 72% of the total estimated abundance
at MUR 19 consisted of these two taxa (Figure @geative of two processes. Siltation following the
high rainfall, in combination with the following dt flows is the likely explanation for the high
abundance of Oligochaetebldgg and Norris, 1991because, being sediment dwellers, they are less
vulnerable to the impacts of high flow events.

Other contributing taxa to the overall locationfeliénce included 8 taxa from the EPT group, incigdi
sediment tolerant Caenids (SIGNAL=4) and the ugdaljhly abundant Hydropsychidae (SIGNAL=6).

It should be pointed out, that although Table Yidatks these taxa as discriminating taxa between
locations, the main reason for this is their absesied much lower abundance (i.e. Hydropsychidae) at
MUR 19. The temporal patterns from the data cadiécto date show that there is an antagonistic
relationship between Simulids and Hydropsycids.lils are often outcompeted by Hydropsycids (e.g.
Hemphill and Cooper, 1983), but tend to dominatdyeauccessional stages of colonisation and become
extremely abundant (Radat al, 2008). As more taxa become established, howekey are often
outcompeted by Hydropsycids, whose dominance canhanced by nutrient enrichment (Hemphill and
Cooper, 1983). This pattern is supported in thislyst where Hydropsychidae are most abundant at the
sites within the highest nutrient readings (MUR 16 ,and 23), and these sites, conversely, hadtest
Simuliidae abundances.

The ANOSIM results show no evidence of a locatigfedence from the edge samples. The relationships
among sampling sites shows that MUR 23 is morelain® MUR 18 (upstream of the Angle Crossing)
than MUR 19 which explains the low R —statisticnfrthe ANOSIM output. MUR 19 stands alone in this
analysis which represents the low taxonomic dit$tigure 8) across all sensitivity levels. It slbbe
noted however, that only one edge sample was gedsim MUR 19 and as such taxa richness may
have been underestimated since it (richness) ysualleases as a function of increasing sample(size
Vinson and Hawkins, 1996).

Both highly tolerant and high sensitive taxa websemt from most of the edge samples, which were
generally characterised by Orthocladiinae (SIGNAK);=Chironominae (SIGNAL=3); Simuliidae
(SIGNAL=5); Hydroptilidae (SIGNAL=4) and Oligochast These taxa dominated most edge
communities, but in varying rank-abundances betwsigs, which is why ANOSIM detected no
difference between the communities. The main featdithe edge communities was the absence of free-
living taxa, namely: Corixidae (SIGNAL =2); Dystilde (SIGNAL=2) and Gyrinidae (SIGNAL =4)
which are not only tolerant to changing water gyabut are usually very common and highly abundant
in the edge habitat. The absence of these taxasaaibsites in particular strongly suggests fl@hated
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impacts, such as scouring, sedimentation and Higlarsstress as the main factor contributing to the
observed macroinvertebrate assemblages. Furthderma of flow related disturbance comes from the
fact that these taxa were most abundant at MURM@ISVBUR 18, which had the lowest mean velocities at
any of the sites. Correlation analysis from the BENV routine also suggests the patterns in the
multivariate structure are related to differenae<urrent velocity for both the riffle and edge hats
(APPENDIX D), but other factors, such as the infice of substrate are also likely to be intrinsicall
related.

There was no difference in either the AUSRIVAS ssoor the SIGNAL-2 scores between upstream and
downstream locations for the riffle (Figure 11) aedge (Figure 12) samples. The AUSRIVAS
assessment suggests that there was some improvienteatecological health assessment at MUR 15, 16
and 23 on a season by season basis since sprifg R6@&ever, due to the high within site variation i
the edge samples there was no overall sites assesiimMUR 16 or MUR 18.

The “no reliable assessment” attributed to the exdgeples is a consequence of the patchy assemblages
from the edge samples, which are also due to feetefof high flow related disturbances (Barmeital,

). Following high flow events, community assembkgemmonly contain fewer, and lower abundances
of common taxa compared to undisturbed commun(biésmi et al, 1990). There appeared to be a lack
of structure or pattern in the edge samples comdp@rgrevious sampling events. The patchinessén th
data set can indicate that the communities arentéiaig random assemblages of taxa that: happemed t
persevere during the periods of high flow; are &ethpgo faster flowing water; or are early colonists
following natural disturbances (Lake, 2000; APPENXMDI).

Despite the edge habitat being problematic, tike fiifabitat shows signs of improved ecological tieat
three of the five samples sites (Table 10). MURIand 23 were all assessed as BAND A, or close to
reference condition. MUR 18 and 19 remained at BAB|Dwhich is consistent with previous sampling
runs. The improved assessment at MUR 15, 16 ance@8ted from several taxa, including Baetidae
(SIGNAL=5), Leptophlebiidae (SIGNAL =8) and Hydrgu$idae (SIGNAL=6) being collected in this
study, but were absent from these sites in sprd@P21t is likely that despite a period of highvflo
leading up to this sampling event, the relativebititg of the flow regime allowed these taxa to re-
establish since the large high flow event in OctqlBégure 2). The short time since the event irngpr
2009 meant that these communities were likely istith very early post-disturbance phase, meaniag th
the aforementioned taxa were still absent fronstmaples.

The high variation (dispersion) in the macroinvierégée assemblages observed at MUR 19 and MUR 23
(Figure 7) are likely due to their location in tliampling program. Both sites differ from the othiar
that they are the only ones which have potentiait@ource impacts that have the potential to arflte

the ecology at each site. MUR 19 is situated imiatety downstream of a low level crossing and is
flanked by dirt roads on either side; whereas MURI® downstream of the Point Hut spillway. The
implications of this is that over and above thediimpacts of high flow events, such as those réxpee
during this study, the impacts of runoff from flamds dirt roads and receiving waters from an urlzde|
spillway are likely to influence the physical withsite characteristics in different ways such it
macroinvertebrate assemblages become more vanepaced to those at sites which are not influenced
by additional factors (Hynes, 1970; Lake, 2000)e Dnoader implication of this is that it may, ireténd,

be difficult to separate the impacts of these typledisturbances from the potential impacts of oedl
flows downstream of Angle Crossing under the M26Gthat these disturbances might create significant
variability within these sites to mask actual imgaassociated with reduced flows.

Once flows in the Murrumbidgee River stabilise, thecolonisation of edge benthic macroinvertebrates
communities should be relatively quick (e.g. Raelaral., (2008)). However it should be noted th#it f
recovery can take up to four weeks, which is tloememended time to resume sampling following a high
flow event under the AUSRIVAS protocols (Coysh ét 2000a). Once there has been a sufficient
recovery period, there should be an increase isithamtaxa (diversity and abundance), includingsth
from the EPT suite of taxa and the normally ubiowst free living taxa that are adapted to slow veater
which were missing from this assessment.
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5 Conclusions

The results from this study are indicative of tretgrns that would be expected following or during
periods of high flow and heavy rainfall. The higbvis that have affected all of the sampling sitethis
study have had a homogenising effect on most watality parameters so that the values were similar
across sampling sites. Nutrient concentrationsgidP TN) were above the recommended upper limit. TN
has been above the guidelines since the incepfitimsosampling program over a range of hydrologica
conditions, which suggests that background levétsinvthe limits of this program are likely to bé&gh

due to the history of land-use practices in thtehloaent. The exceeded concentrations of TP artedela
to ongoing rainfall and high flows. During low stalilows TP in these reaches of the Murrumbidgee
River, TP levels stay within the guidelines.

It is likely that periphyton responded to high memt concentrations over the spring period esplgcal
the upper most sites; but were perhaps keep inkdiweongoing high flow events and hence subject to
periods of removal through scouring, which is sstee by the correlation analysis and the strong
negative relationships with increased velocity.

The AUSRIVAS-based riffle habitat assessment giteethree of the five monitoring sites indicate an
increase at three of the monitoring sites and ramgé at MUR 18 and 19 (either side of Angle Cragsin
Macroinvertebrate communities from both habitat egp but particularly the edge habitat, were
characterised by taxa which are indicative of buitfh flow disturbance (REF) and early colonisation
patterns following disturbance. The riffle commigst during this sampling period displayed patterns
seen in previous sampling runs during or followhigh flow periods, which included a dominance of
taxa with low to intermediate sensitivity ratingsdahighly sensitive taxa tended to be sparse atahya

in their distribution. The edge samples lacked mahthe common free living taxa that usually inhabi
slow moving water. The macroinvertebrate commusiitiethe edge habitat were highly unstructured and
patchy, which lead to highly variable AUSRIVAS assments. The main reason for this is believedto b
prolonged seasonal high flows. Periods of stalole #hould allow the edge communities to re-establis
in future sampling events.
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6 Recommendations

The recommendations made in autumn 2010 (ALS, 2860again supported for this assessment, and are
detailed below.

1. The high within-site variation found in this andepious sampling runs suggest that a single
replicate is not adequate to capture the variatimomposition at a given site. This is consistent
with the findings of (Nicholset al, 2006), who recommended taking replicate samptes a
impaired sites for biological assessments. Taxoooutiversity and abundances differed
considerably between replicates and subsamplesiapelownstream of Angle Crossing, where
point source impacts are likely to increase thdatian in the physical habitat resulting in
considerable variability in the AUSRIVAS bio assessit of a given site. It is recommended that
this level of replication be maintained throughBatise 1 and Phase 2 sampling.

2. The additional information gained from the BIO-ENYutine suggests flow and substrate
relationships between the community structures aghale. We recommend maintaining this
analysis in the Angle Crossing component of the MEMOoject. Additional hydrological metrics
should also be considered for incorporation ints gnoject at some stage. This would provide a
more detailed assessment of how the communitieseged individuals respond to the seasonal
flow dynamics that have been observed throughautctiurse of this project to date. Doing so
would enhance ACTEWS ability in making informed dens regarding flow rules in order to
reduce potential environmental impacts relateth¢oM2G project.
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Appendix A —
Potential effects of reduced flow and their knock-on
effects on habitat conditions and macroinvertebrate
communities
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KEY:

Decreased flow
Decrease
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Alteration
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algal biomass

Theain Invertebrate
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Summary of the effects of reduced flows on various habitat conditions and macroinvertebrate communities from recent Iiterature (Dewsaon et al. 2007)"

*Reproduced with permission from the authors.
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Appendix B —
Interpreting box and whisker plots
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Appendix B. Interpreting box and whisker plots.

Box and whisker plots are intended as an exploratory tool to help describe the distribution of the data. The
blue points on the inside of the plot area indicate the raw data values that make up the distribution
portrayed in the boxplot. The plot below explains how the box and whisker plots should be read.

° <4——  Outliers: more than 1.5 times larger than the interquartile range*

-1 <4——  Maximum value excluding outliers

75" percentile

A

<«—— 50" percentile (median)

<+——— 25" percentile

— <4+——  Minimum value excluding outliers * = raw values

* The interquartile (IQR) range is the difference between the 25" and 75" percentile. This value is
important when two sets of data are being compared. The closer the values are to the median, the smaller
the IQR. Conversely, the more spread out the values are, the larger the IQR.
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Appendix C —
ANOSIM output for riffle and edge samples
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ANOSIM
Analysis of Similarities

Two-Way Nested Analysis

RIFFLE

TESTS FOR DI FFERENCES BETWEEN Site GROUPS

(across all # Location groups)

d obal Test

Sampl e statistic (@obal R: 0.75

Significance level of sanple statistic: 0.1%

Nunber of pernutations: 999 (Random sanple froma | arge nunber)
Nunber of pernuted statistics greater than or equal to obal R 0

TESTS FOR DI FFERENCES BETWEEN # Locati on GROUPS

(using Site groups as sanpl es)

d obal Test

Sanple statistic (@obal R): 0.758

Significance |l evel of sanple statistic: 5%

Nunmber of pernutations: 210 (Al possible pernutations)

Nunmber of pernuted statistics greater than or equal to Aobal R 1

EDGE

TESTS FOR DI FFERENCES BETWEEN # Site GROUPS

(across all # Location groups)

G obal Test

Sanple statistic (@obal R): 0.963

Significance level of sanple statistic: 0.1%

Nunmber of pernutations: 999 (Random sanpl e from 392392000)

Nunber of pernuted statistics greater than or equal to obal R 0

TESTS FOR DI FFERENCES BETWEEN # Locati on GROUPS

(using # Site groups as sanpl es)

d obal Test

Sanple statistic (d@obal R): 0.087

Significance | evel of sanple statistic: 33.9%

Nunber of pernutations: 56 (Al possible pernutations)

Nunmber of pernuted statistics greater than or equal to dobal R 19
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Appendix D —
BIO-ENV output for riffle and edge samples
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RIFFLE

Rank correl ation nethod: Spearnan

Met hod: Bl CENV

Maxi mum nunber of variables: 5

Resenbl ance:

Anal yse between: Sanpl es

Resenbl ance neasure: D1 Euclidean di stance

Vari abl es
1 Mode Stream wi dth
2 nean riffle depth
3 mean velocity

4 Sqgr ( BOULDER)

5 PEBBLE

6 GRAVEL

7 SAND

8 Water tenp.

9 EC

10 D.O (% Sat .)

11 Turbidity

12 Alkalinity

13 Ammoni a

14 TP

15 TN

G obal Test

Sampl e statistic (Rho): 0.585

Significance level of sanple statistic: 0.1%

Nunber of pernutations: 999 (Random sanpl e)

Nunber of pernuted statistics greater than or equal to Rho: O

Best results

No. Var s Corr. Sel ections
3 0.585 3,5,6
3 0.570 3,6, 13
4 0.566 3,5,6,12
5 0.561 3,5,6,8,13
4 0.560 3,6, 12, 13
4 0.553 3,5,6,13
4 0.542 3,5,6,9
4 0.538 3,6,8,13
5 0.538 3,5,6,9,13
5 0.538 3,5,6,12,13
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EDGE

Vari abl es
1 BEDROCK

2 BOULDER

3 PEBBLE

4 GRAVEL

5 SAND

6 DETRI TUS

7 MJCK/ MUD

8 mean edge depth
9 nmean velocity
10 TREES >10M

11 TREES <10M

12 SHRUBS

13 CRASSES/ FERNS/ SEDGES
14 MEAN Rz

15 % SHADI NG

16 Water tenp.

17 EC

18 pH

19 D.O (% Sat .)

20 Turbidity

21 Alkalinity

22 Ammoni a

23 TP

24 TN

25 TSS

26 TKN

G obal Test

Sampl e statistic (Rho): 0.722

Significance level of sanple statistic: 0.1%
Nunber of pernutations: 999 (Random sanpl e)
Nunber of pernuted statistics greater than or equal to Rho:
results

Corr. Sel ections

. 722 2-4,9,12

. 721 5,9,18

. 720 4,11, 25

. 719 3-5,11,18

. 719 4,6, 11, 17,25

. 719 4,6, 11, 21, 25

. 718 4,5,11, 18

. 718 3-5,18

.718 2,4,5,11,18

.718 4,5,11, 21,25

Best
No. Var s
5

cNoNoNoNoNoNoNoNeoNe]

o, ww

0
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Appendix E -

Taxa predicted to occur with >50% probability but
were not collected in the spring samples
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APPENDIX E. Taxa expected, but not collected in the riffle habitat. The number in each cell is the probability of
collection

*np = Not predicted at 50%

Total
number
of
missing

Ceratopogonida
Tanypodinae
Leptophlebiidae
Gripopterygidae
Hydrobiosidae
Conoesucidae
Glossosomatidae

s | 8
o | B
© =
= (]
[S) A=
o o
|9
(@] o

Baetidae

Mur 15 0.93 np np 0.5 2
Mur 15 0.93 np 0.72 np 0.5 3
Mur 15  Riffle 0.93 np np 0.5 2
Mur 15 0.93 np 0.8 np 0.5 2
Mur 15 0.93 np np 0.5 2
Mur 15 0.93 np np 1
Mur 16 0.93 0.5 0.8 0.55 4
Mur 16 0.93 0.5 0.8 0.55 4
Mur16  Riffle 0.93 0.5 0.8 0.55 4
Mur 16 0.93 0.5 0.5 0.8 0.55 5
Mur 16 0.93 0.5 0.5 0.8 0.55 5
Mur 16 0.93 0.5 0.5 0.8 0.55 5
Mur 18 0.94 0.54 0.56 0.9 0.6 5
Mur 18 0.94 0.54 0.6 3
Mur 18  Riffle 0.94 0.54 0.9 0.6 4
Mur 18 0.94 0.54 0.56 0.8 0.9 0.6 6
Mur 18 0.94 1 054 0.56 0.8 0.9 0.6 7
Mur 18 1 054 0.9 0.54 0.6 5
Mur 19 0.95 0.57 0.8 0.64 4
Mur 19 0.95 0.57 0.59 0.8 0.9 0.64 6
Mur19  Riffle 0.95 0.57 0.59 0.8 0.9 0.64 6
Mur 19 0.95 0.57 0.8 09 0.54 0.64 6
Mur 19 0.95 0.57 0.59 0.89 0.8 0.9 0.64 7
Mur 19 0.95 0.57 0.63 0.8 0.9 0.64 6
Mur 23 0.92 np np np 1
Mur 23 0.92 np 0.5 0.8 np np 3
Mur 23 ; 0.92 np 0.73 0.8 np np 3
Mur 23 Riffle np 0.5 np np 1
Mur 23 092 075 1 np 0.73 0.8 0.8 np np 5
Mur 23 0.92 1 np 0.66 0.8 np np 4
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APPENDIX E (cntd.). Taxa expected, but not collected in the edge habitat spring 2010

Total number
of missing taxa

eptophlebiidae

()
©
8
c
)
(2]
[s)
Q
9
©
L
©
O

Tanypodinae
Baetidae
Caenidae
Corixidae
Gripopterygidae
eptoceridae

— —

sonaL | o | 4 | s |8 |42 86
MUR 15 062 0.82 0.94 053 0.88 5
MUR 15 0.82 094 053 0.88 4
MUR 15 0.65 0.97 0.82 0.94 053 062 0.88 7
MUR 15 Edge 0.65 0.88 2
MUR 15 0
MUR 15 0.82 0.62 2
MUR 16 0.65 0.62 0.82 0.88 4
MUR 16 Edge 0.65 0.62 0.82 053 0.62 0.88 6
MUR 16 0.65 0.82 0.53 0.88 4
MUR 18 0.65 0.97 0.94 053 062 0.88 6
MUR 18 0.65 0.97 0.82 053 0.62 0.88 6
MUR 18 Edge 0.65 0.82 053 0.62 4
MUR 18 0.65 0.82 2
MUR 18 0.65 0.82 2
MUR 18 0.65 0.82 2
MUR 19 0.65 0.82 0.94 053 0.88 5
MUR 19 Edge 0.65 0.97 0.82 0.94 0.88 5
MUR 19 0.65 0.97 0.82 0.94 053 0.88 6
MUR 23 0.82 0.94 0.53 3
MUR 23 0.65 0.53 2
MUR 23 0.65 0.53 2
MUR 23 Edge 0.65 0.82 0.94 053 0.62 5
MUR 23 0.65 0.82 0.94 053 4
MUR 23 0.65 0.82 0.94 053 062 0.88 6
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Appendix F -

Point Hut Pond Hydrograph: 2010
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Appendix F. Point Hut Pond and Lobb’s Hole Hydrograph showing mean daily flows (in Cumecs) for

2010. Sampling seasons are highlighted (blue for autumn and green for spring)

00_01/01/2011

:00_01/01/2010

Period 12 MonthPlot Start 00
Interval 12 Hour Plot End 00

ALS Water Resources Group ACT CITRIX HYDSTRA

Spill Dischg{Cumecs)
Discharge (Cumecs)

135.00 Mean

Point Hut Pond

— 410853
— 410761

M'bgee at Lobbs Holé40.00 Mean

Jun

May

Apr

3
g

Jan

20,
16.
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