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Executive Summary

ACTEW is committed to improving the security of %@T water supply through the

construction of an additional pumping structure gigdeline that will abstract Murrumbidgee

River water. The pumping system will transfer watepugh an underground pipeline into

Burra Creek, and then transfer the water by ‘rurrigér’ flows into the Googong Reservoir.

The system is being developed to enable pumping ¢d 100 ML/d, and is expected to be
operational by mid-2012. Abstraction from the Mumbidgee River and its subsequent
transfer and release into Burra Creek will be prithadictated by the level of demand for the
water, the availability of water and whether the lumbidgee River water quality complies

with the EPA trigger levels. The project is refert® as Murrumbidgee to Googong transfer
project (M2G).

The hydrological change will increase the base faivBurra Creek noticeably and, therefore
requires an assessment of the response of theanabits ecology to flow variability in order
to help predict potential impacts associated withtschanges.

This ecological monitoring program aims to estdblthe baseline river condition prior to
water discharges into Burra Creek over a three ygariod and then to continue monitoring
after the commencement of the operation phaseed¥12(G Project to determine what changes
(if any) are attributable to water discharges froine Murrumbidgee River into Burra Creek.

The key aims of the sampling program were to:

» Establish the current status of the macroinvertédbreommunity at key sites on Burra
Creek and the nearby Queanbeyan River;

> Provide ActewAGL with river health assessments dase AUSRIVAS protocols at
these key sites to determine how river health newaffected during and after the pipeline
development and the subsequent discharges intaEingek;

> Establish baseline periphyton data that will be dige characterise seasonal and
temporal changes under baseline conditions

> Report on water quality from continuous and gralmpé&e monitoring in order to
characterise baseline water quality conditions gmdvide data that could be used to predict
impacts associated with the M2G project.

This report presents the findings from biologicampling of Burra Creek and the

Queanbeyan River conducted in spring 2011. Sampliag conducted on the 4th and 5th
October 2011 and was based on ACT AUSRIVAS sammlotgcols; but was extended to
include multiple replicates from each site wherecimens were identified to genus level,
instead of family level.

The purpose of this protocol was to:

Collect biological signatures of condition at eagite prior to the commencement of pumping;
Enable subtle changes to be detected if theremapacts associated with reduced flows; and

Provide within-site replication that will potentlglallow hypothesis testing statistical analyses to
be performed on the data as part of any impactssssent.

| Final Spring 2011 v
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Key results from the spring 2011 sampling run shoat:

1)

2)

3)

4)

5)

6)

7

Flows in both catchments (Burra and Queanbeyantgulang the sampling period
were stable with no significant rainfall or highof events occurring prior to
sampling;

Compared to spring 2010, the AUSRIVAS assessnrethitefoiffle habitat showed an

improvement in condition at BUR 1a; BUR 2a and QBYNThe overall site

assessments showed that QBYN 1 was close to redevdnile the remaining sites
were considered to be significantly impaired (BANE). Due to inconsistent

assessments from the subsampling procedure, there mo reliable assessments
available for the edge habitat at BUR 1c and BUR 2a

Edge habitats for the most part, were in betterditton than the riffle habitats, with
higher taxa richness and fewer taxa missing thaadmted by AUSRIVAS. This is
likely due to the more permanent nature of the dddstat compared to the riffles in
Burra Creek, which were shallow and slow flowingefe is some evidence to suggest
that the permanent pools in the middle sectiorduofa Creek are important refuges for
riffle taxa during dry periods;

The upper (native) site — BUR 1a had the highestadvdiversity of taxa and also had a
high diversity of EPT genera. Proportionally theg@nbeyan River supported very high
numbers of the highly sensitive stonefly (Gripopietae) suggesting the physical and
chemical conditions at this site were of a higmded,;

Periphyton results show no obvious pattern in thedian values amongst sites,
although, variation in the distribution of AFDM arwhlorophyll-a was higher at the
Queanbeyan River site and native site on Burra Greenich could reflect higher
substrate diversity at these sitésh free dry mass was higher at BUR 1c than the
other sites. There were some relatively high validhis site and these are likely due
to the large amount of detrital material seen ire thiffle zone from decaying
macrophytes as the water level dropped. A sigmifiamount of new macrophyte
growth along the bank margins was noted during figkl run, as were some patchy
tufts of new algal growth which would have conttédalito the chlorophyll-a content in
the periphyton

The water quality results indicate that the majprif the parameters analysed in
spring 2011 were within the ANZECC guidelines fealthy ecosystems (ANZECC &
ARMCANZ, 2000); however, as has been the case stvee the inception of this
project, electrical conductivity (EC) in Burra Cleédownstream of the Cassidy Creek
confluence) is consistently exceeding the uppét 4850 ps/cr. Due to the nature
of Burra Creek, this trigger value is unlikely teee be consistently met during routine
monitoring because of the high level of carbonate$acing from the groundwater;

Naturally high EC readings in Burra Creek are uelk to be detrimental to the

current state of the aquatic fauna because commagnénd individuals residing in

and around Burra Creek are likely to have becontigegilocally adapted to the water
characteristics of the creek or are taxa that oawimpete and therefore have a
preference for these conditions. With this in mibdsing the currently employed
trigger values, which were developed for perenmigbtems with moderately soft
water, on a system with naturally hard water isreatly meaningless in terms of
ecosystem protection. The most likely impact orsyiséem will be the introduction of
Murrumbidgee River water, which has lower pH and EC

Final
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8) Previously ALS has recommended a re-evaluatinghe$e trigger values (ALS,
2011b). To this end we are currently working onufoentation to support increasing
the upper threshold for the EC levels from the entrvalue of 350 ps/¢At this
stage of the data review, it is a reasonable egtntiaat the proposed new upper limit
for EC in Burra Creek will fall in the range of 4@50 ps/cni based on the &0
percentile values for the period of record from Bigra Creek gauging station.

Surface flow appears to be the governing factothia determination of macroinvertebrate
assemblages within Burra Creek. Burra Creek, egtigcin the upper reaches, is reliant on
rainfall for surface flows. During dry periods, agas experienced leading up to the spring
sampling run, the majority of the surface flow&@n groundwater and seepage can be rather
low as the season progresses. These natural peoifodstting and drying in Burra Creek lead
to a high degree of variation, both within and beéw sites.

The Queanbeyan River experiences similar seasamations, but because of the perennial
nature of that river, the community assemblagesvsless variation and to some degree are
more predictable. During the operation of M2G we dikely to see longer periods of higher
volume (relative to the natural flow regime) flovthin the downstream sites in Burra Creek.
This is likely to create a more stable environmfmmt flow sensitive taxa and encourage
localised recruitment. This in-turn may facilitaish and platypus populations to return to
Burra Creek as many of these sensitive taxa featuttgeir diets.

If as suggested, the pool/edges do provide an itapprefuge for taxa during dry periods,
one of the management goals should be to ensutethlkey are maintained during these
periods. This factor is likely to become increa$ingnportant if fish begin to recruit and
utilise Burra Creek more readily once M2G is op@aal, because during the ramp down,
fish will require stable habitat for survival onflews cease again.

Upstream of Williamsdale bridge (BUR 1a and BUR 1lwgre are unlikely to be any change
in the system over and above what we are seeingerdly. These sections will remain
intermittent and highly dependent on rainfall annface runoff for surface flows.

All of the recommendations made to date concerBinga Creek have been synthesised in a
recommendations summary document which has beamdptbto the M2G Environmental
Reference Group. Outside of this document, theeenar new recommendations to be made
following the spring sampling run.

Final Spring 2011 Vi
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1 Introduction

The Murrumbidgee Ecological Monitoring Program (MBMwas set up by ACTEW Corporation to
evaluate the potential impacts of water abstractrom the Murrumbidgee River. The programme is
being undertaken as part of the ACT water suppiyrsty infrastructure upgrade. The scope of thislgt

is to undertake sampling in spring and autumn whamnmenced in Burra Creek in autumn 2009.

There are four components / geographic areas amesics part of the MEMP study, which include:

Part 1: Angle Crossing

Part 2: Burra Creek

Part 3: Murrumbidgee Pump Station
Part 4: Tantangara to Burrinjuck

Thisreport focuseson Part 2: Burra Creek.

ActewAGL is constructing an additional pumping sture and pipeline to abstract water from the
Murrumbidgee River from a location near Angle Ciogg(southern border of the ACT). The pumping
system will transfer water from the Murrumbidgeesd®j through an underground pipeline into Burra
Creek, and then transfer the water by ‘run of fiflews into the Googong Reservoir. The systemeasig
designed to enable pumping of up to 100 ML/d, anéxpected to be operational in 2012. Abstraction
from the Murrumbidgee River and the subsequenhdiges to Burra Creek will be dictated by the level
of demand for the water, availability of water metMurrumbidgee River, and compliance with EPA
trigger levels. This development is referred tohesMurrumbidgee to Googong project (M2G).

Burra Creek stream flow data from 1985 through@b12(as of 3% December) shows the mean daily flow

as 9.75 ML/d (median =5.8 ML/d). However, over thst five years flows have reduced substantially to
5.5 ML/d (median =1.59 ML/d). Since flow recordggha in 1985 a mean monthly flow of 100 ML/d has

only been exceeded 8 times, while flows in excé490 ML/d have occurred less than 2 % of the tone

a daily basis.

In light of the current low flow conditions in BarrCreek, it is expected that the increased flowugh

the discharge from the Murrumbidgee River will h@exeral impacts on water quality, channel and bank
geomorphology and the ecology of the system (Tapl&ome favourable ecological effects might occur
in the reaches of Burra Creek between the dischpaget (downstream of Williamsdale Road) to
downstream of the confluence of the QueanbeyanrRiveese may include, but are not limited to:

e The main channel being more frequently used by djgrcies due to increased flow permanence and
longitudinal connectability between pools;

* Increased biodiversity in macroinvertebrate comriesi and

* Areduction in the extent of macrophyte encroachtrirethe Burra Creek main channel.

On the other hand, there is potential for the feansf Murrumbidgee River water into Burra Creek to
adversely affect the natural biodiversity within rBu Creek due to the different physico-chemical
characteristics of water in each system (partibplaiith regards to EC). Further, the inter-basinteva
transfer also poses a risk of spreading exotictphaua fish species which could displace nativeaiot
directly through competition or indirectly throudhe spread of disease. Other potential impacts are
highlighted in Table 1.

These potential impacts have been assessed bglévamt Government authorities through submissfon o
Environmental Impact Statements (EIS) or similageasments. One of the components of the EIS is to
undertake an ecological monitoring program, on Wwiiigs program is based.

| Final Spring 2011 1
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Table 1. Potential impacts to Burra Creek following Murrumbidgee River discharges

Property

Possible impact

Source

\Water Quality

Increased turbidity from Murrumbidgee water which could decrease light
penetration, resulting in lower macrophyte and algal growth.

The inter-basin transfers (IBT) of soft Murrumbidgee water into the harder water
of Burra Creek may change the natural biodiversity within Burra Creek.

Changes in water temperature could be expected from the IBT and increased
turbidity. This may affect plant growth, nutrient uptake and dissolved oxygen
levels and ultimately compromise the quality of fish habitat.

Biosis, (2009)

Fraser, (2009)

Biosis, (2009)

Changes in macroinvertebrate communities and diversity through habitat loss

Geomorphology

result in increased sedimentation, loss of riparian vegetation and increased
erosion rates from bank instability.

Ecolo from sedimentation, riparian vegetation and scouring of macrophytes. Changes i?t?]?na?odn
ay in macroinvertebrates are also expected with an increase of flow (e.g. increased (2002)9
abundances of flow dependant taxa).
Potential risk of exotic species recruitment from IBT, this could displace native [B):\jlesé Ze?g?;
species in the catchment and pose a risk of the spread of disease. (1992) '
Infilling from fine sediment transport could threaten the quality of the hyporheic
. ; . : ; . Brunke and

zone, which provides important habitat for macroinvertebrates in temporary
<treams Gonser (1997)
Increased flow with improved longitudinal connectivity which will potentially
provide fish with more breeding opportunities and range expansion, although this[Biosis, (2009)
will be dependent on the flow regime.

Bank Bank failure from the initial construction phase and first releases. This could

Skinner, (2009)

Scouring of the river bed may result in a loss of emergent and submerged

Channel macrophyte species. This would result in a reduction of river bed stability and a |Harrod, (1964)
Geomorphology . . . ! .

change in macroinvertebrate diversity and dynamics.
Final Spring 2011 2
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1.1 Project Objectives and scope

The objectives of the Murrumbidgee Ecological Monitg Program (MEMP) are to provide ActewAGL
with seasonal assessments of river health prioarid,during the construction and operational phaes
the new pipeline and discharge into Burra CreekcBigally, the aims of the project are to:

1) Provide seasonal “river health” reports in accoogawith ActewAGL water abstraction licence
requirements;

2) Collect baseline macroinvertebrate, water qualityl goeriphyton data in order to ascertain
whether the future discharges into Burra Creek ftloenMurrumbidgee River are likely to impact
the ecology and ecological “health” of Burra Creek;

3) Collect baseline periphyton data that will be ussda guide to monitor seasonal and temporal
changes, and;

4) Report on water quality upstream and downstreatheotlischarge point in Burra Creek.

The current ecological health of the sites mondoes part of the Burra Creek component of the
Murrumbidgee Ecological Monitoring Program (MEMPYyogram has been estimated using ACT
AUSRIVAS protocols for macroinvertebrate commurdigta, combined with a suite of commonly used
biological metrics and descriptors of community pasition. As outlined in the MEMP proposal to
ACTEW Corporation (ALS, 2011a) this work includes:

1) Biannual sampling which commenced in autumn 2009;

2) Macroinvertebrate sampling from riffle and edge iteib (where available) as per the ACT
AUSRIVAS protocols;

3) Macroinvertebrates counted and identified to tiveramic level of genus;

4) Riffle and edge samples assessed through the aFipUSRIVAS models;

5) Selected water quality measurements to be measursidu, and collected for analysis at
Australian Laboratory Services (ALS’s) NATA accredi laboratory.

Six months prior to the commencement of this pnogrALS sought advice from independent industry
experts on the sampling regime and study desigmnextjfor a robust interpretation of the biologidalta
collected. The program was adjusted from its osabaesign before it was finalised due to difficedtiin
finding appropriate control sites.

Final Spring 2011 3
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1.2 Rationale for using biological indicators

Macroinvertebrates and periphyton are two of thestnammmonly used biological indicators in river
health assessment. Macroinvertebrates are commusely to characterise ecosystem health because they
represent a continuous record of preceding enviemtah, chemical and physical conditions at a given
site. Macroinvertebrates are also very useful s in determining specific stressors on freshwat
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&Rdr index), were used during this study 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 imamt to maintaining healthy freshwater ecosystams
it absorbs nutrients from the water, adds oxygeiheéocecosystem via photosynthesis, and providesa f
and shelter for higher order animals. Periphytammainities respond rapidly to changes in water guali
light penetration of the water column and othetwlsances, such as floods or low flow, and this esak
them a valuable indicator of river health.
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2 Materials and Methods

2.1 Study sites

Prior to the sampling, comprehensive site assedsmesre carried out, including assessments of ysafet
suitability and access permission from landown€&here are no suitable reference sites in the pribxim
for this assessment, so a Before — After / Contrdinpact (BACI) design (Downes et al., 2002) was
adopted based on sites upstream of the abstraaiaohserving as ‘Control’ sites and sites dowrestneof
the abstraction / construction point serving agpdicted’ sites. Baseline monitoring carried out ag pf
this study will serve as the ‘Before’ period forstlassessment.

Seven sites were initially selected, including ¢hreontrol sites and four impact sites. This design
previously had BUR2a listed as a control site, beeahe exact location of the discharge was unknown
The discharge point has been confirmed to be Idgat upstream of Williamsdale Bridge. Accordingly
site BURZ2a is now included as an impact site orrd@reek (Figure 1; Table 2). Site photographshen
seen in APPENDIX A.

Since the inception of the Burra Creek monitoringgoamme, the original designated sampling sites ha
gone through several changes (Figure 1; Table @hwinclude:

» Site QBYN 2 and BUR 3 are currently not sampledabse both sites are inundated by Googong
dam;

» BUR 2c has been included as an alternative siteBfdR 3 during periods of inundation by
Googong dam. Both sites share similar physicalataristics;

» Cassidy Creek (CAS 1) been removed from the progranbecause since its selection, has been
dry or inundated byTypha sp and collecting representative samples has cosdinio be
problematic;

» BUR 1b was included to balance the design of tlignamme and was to serve as an additional
upstream control site. Access was originally gitreough private land in early 2011; however the
landowners have since withdrawn this permission.

To monitor for potential impacts to the ecologicahdition of Burra Creek, aquatic macroinvertelwate
were sampled from two habitats (riffle and pool &ggand organisms identified to genus level (where
practical), to characterise each site. Periphytas sampled in the riffle zones at each site antysewh

for chlorophyll-a and Ash Free Dry Mass (AFDM) tmpide estimates of the algal (autotrophic) biomass
and total organic mass respectively based on thieats of Biggs and Kilroy (2000).

Both the riffle and edge habitats were sampledrawige a comprehensive assessment of each site and
allow for flow related impacts to be distinguishieoim other disturbances. The reason behind thilsas
each habitat is likely to be effected in differevays. Riffle zones, for example, are often dry mrid
Creek because of its intermittent flow regime, aare likely to become more permanent habitats
downstream of the release point due to the additiflow being provided. Further, due to the high
number of no-flow days and the chain-of-ponds matfrBurra Creek, sampling the pool/edges allows
data collection when surface flow has ceased. inaase, edge habitat would be affected by the M2G
project in that edge habitat would be increasinglyd artificially) maintained in terms of water &v
downstream of the release point, so the poterifietts on edge habitat are certainly worth monmgrin

their own right.
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Table 2. Sampling site details for the Burra Creek monitoring programme

Site code Site name and Location Notes Purpose latitude Longitude
QBYN 1 Queanbeyan River at Flynn's
Crossing Perennial Control -35.524317 149.303300
QBYN 2 Queanbeyan River, downstream of | Sampling has not been possible since
Burra Creek confluence autumn 2010 because of inundation by | Perennial Impact -35.498951 149.265700
Googong dam
BUR 1a Burra Creek, upstream Cassidy
Creek confluence Upstream Control -35.598461 149.228868
Burra Creek, ~1.5km upstream of Initial access permission revoked by )
BUR 1b Williamsdale Bridge landowner Upstream Control 35.583224 149.228421
BUR 1c Upstream of Williamsdale Bridge Upstream Control -35.556511 149.221238
This site was originally considered a
control site, but since the location of
Downstream of Williamsdale the Burra Creek discharge weir was
BUR?2a | gridge decided upon at Williamsdale Road, | 1 \ntream impact -35.554345 149.224477
this site is now acting as a
downstream impact site. This will not
affect the interpretation of future data
collection.
BUR 2b Burra Creek, downstream of Burra
Road bridge Downstream impact -35.541985 149.230407
Burra Creek upstream of London With the inundation of BUR 3 for the
BUR 2c Bridge foreseeable future, BUR 2c serves as Downstream impact -35.517894 149.261452
its replacement
BUR 3 Burra Creek, downstream of Sampling has not been possible since
London Bridge autumn 2010 because of inundation by | Downstream impact -35.510333 149.264351
Googong dam
Cas1 | Sassidy Greek, pstieamofthe | piscontinued in 2011 Control -35.598515 149.227171
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Googong Resen

1078
QBYM 1

0774 pipon

BUR1¢ - BUR2a

BUR1b ..
xR

CAS1 ...BUR1a
L

Legend
River A Gauging station
=== W26 pipeline alignment I:l Reservoir
‘l Monitoring site Burra Creek Sub-C atchment
() sitediscontinued in 2011 [ | Googong Catchment
@ Site currently inundated
& Accessdenied

Figure 1. Location of the monitoring sites and gauging stations for the Burra Creek monitoring program
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2.2  Hydrology and rainfall

River flows and rainfall were recorded at ALS ganggstations at Burra Road (410774, downstreameof th
Burra Road Bridge) and the Queanbeyan River (410ugdtream of Googong reservoir). Site locations
and codes are given in Table 3.

Table 3. Stream flow and water quality monitoring site locations

Site code |Location Parameters* Latitude Longitude
410774 Burra Creek WL, Q, pH, EC, DO, Temp, Turb. [-35.5425 149.2279
410781 Sg::ﬂ/g?’a” River US of Googong ' oH, EC, DO, Temp, Turb. [-35.5222  [149.3005

*WL = Water Level; Q = Rated Discharge; EC = Electrical Conductivity; DO = Dissolved Oxygen; Temp =
Temperature; Turb = Turbidity

2.3 Water Quality

Baseline in-situ physico-chemical parameters iriagidemperature, pH, electrical conductivity, taliby,
and dissolved oxygen were recorded at each samgiiegising a multiprobe Hydrolab® Minisonde 5a
Surveyor. The Surveyor was calibrated in accordavite ALS QA procedures and the manufacturer's
requirements prior to sampling.

Additionally, grab samples were taken from each sitaccordance with ACT AUSRIVAS protocols for
Hydrolab® verification and nutrient analysis.

Nutrient analysis included nitrogen oxides (tot&@x, total nitrogen (TN) and total phosphorus (i)
accordance with the protocols outlined in APHA @D0rhis information will assist in the interpretat

of biological data and provide a basis to gaugages that can potentially be linked to increased thnd
potential changes in the Burra Creek system dudnter-basin water transfers from the donor
(Murrumbidgee) system.

All water samples were appropriately labelled alzatgd on ice in the field. The samples were detider
‘same day’ to the ALS laboratory for analysis.

2.4 Periphyton

Estimates of algal biomass were made using compieme data from both chlorophyll-a (which
measures autotrophic biomass) and ash free dry (A&8M, which estimates the total organic matter in
periphyton samples and includes the biomass ofebactfungi, small fauna and detritus in samples)
measurements (Biggs, 2000).

All periphyton (i.e. adnate and loose forms of pkyton, as well as organic/inorganic detritus ie th
periphyton matrix) samples were collected usingithsitu syringe method similar to Loeb (1981), asd
described in Biggs and Kilroy (2000). A one metidemtransect was established across riffles at siaeh
Along each transect, twelve samples were colle@edegular intervals, using a sampling device
consisting of two 60 ml syringes and a scrubbindase of stiff nylon bristles, covering an area~6f37

mnt.
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The samples were divided randomly into two groupsiosamples to be analysed for Ash Free Dry Mass
(AFDM) and chlorophyll-a. Samples for Ash Free DMwss and chlorophyll-a analysis were filtered onto
glass filters and frozen. Sample processing folb¥e methods outlined in APHA (2005).

2.5 Macroinvertebrate sampling and processing

Riffle and edge habitats were sampled for macrotebeates using the ACT AUSRIVAS (Australian
River Assessment System) protocols (Coysh et BD0R The sampling nets and all other associated
equipment were washed thoroughly between habisites and sampling events to remove any
macroinvertebrates retained on them.

Two replicate samples were collected from eachvofhiabitats (edge and riffle - where availableinatst
sites in spring. Sampling of the riffle habitab(ling broken water over gravel, pebble, cobbleariter,
with a depth greater than 10 cm (Coysh et al., Pa@@olved using a framed net with 250 um mesle.siz
Sampling began at the downstream end of each, nfith the net held perpendicular to the substaae
the opening facing upstream. The stream bed djragistream of the net opening was agitated by
vigorous kicking, allowing dislodged invertebratesbe carried into the net by the current. The @ssc
continued, working upstream over ten metres deriifabitat.

The edge habitat sample was collected by sweepimgdllection net along the edge of the creek dine
the sampling site, with the operator working systdoally over a ten metre section covering all
microhabitats such as overhanging vegetation, stgedesnags, macrophyte beds, overhanging banks and
areas with trailing vegetation.

The bulk samples were placed in separate contaipsgserved with 70% ethanol, and clearly labelled
inside and out with project information, site codate, habitat, and sampler details.

Processing of the aquatic macroinvertebrate butkpées followed the ACT AUSRIVAS protocols. In the
laboratory, each preserved macroinvertebrate sawgeplaced in a sub-sampler, comprising of 100 (10
X 10) cells (Marchant, 1989). The sub-sampler viigs tagitated to evenly distribute the sample, aed t
contents of randomly selected cells were removet ed@amined under a dissecting microscope until a
minimum of 200 animals were counted. All animalshivi the selected cells were identified.

In order to provide additional replication withihet experimental design, laboratory processing oh ea
sample was repeated 3 times to total up to 6 samae habitat per site (2 field replicates x 3 fabary
processed replicates). Macroinvertebrates werdifahto genus level (where possible) using taxoim
keys outlined in Hawking (2000) and later publica. Specimens that could not be identified to the
specified taxonomic level (i.e. immature or damagadh) were removed from the data set prior to
analysis.
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2.6 Data analysis

Data were analysed using both, univariate and waultite techniques. Analyses were performed in
PRIMER v6 (Clarke and Gorley, 2006) and R versioh32 (R Development Core team, 2011).
Descriptive statistics performed on rainfall, hydgy and continuous water quality parameters were
organised in the time series data management seftwdYDSTRA’.

2.6.1 Water quality
The water quality parameters were assessed for l@mop with the ANZECC and ARMCANZ (2000)
water guidelines for aquatic ecosystems in uplarnehms of south-east Australia. These measurements

were taken from two continuous water quality statiothe first located on the Queanbeyan River
(410781) and the second on Burra Creek (410774).

2.6.2 Periphyton

The raw chlorophyll-a and AFDM data were convertedestimates of concentrations and biomass per
square metre following the methodology outlinedBiggs and Kilroy (2000). Differences between
upstream-control locations and downstream impawdtions were assessed by fitting the log-transfdrme
chlorophyll-a and AFDM data to a mixed effects,tadsanalysis of variance (ANOVA). Site was nested
within location and was treated as a random effect location was considered a fixed effect. For the
purposes of graphical visualisation, raw data aesented.

2.6.3 Macroinvertebrate communities

The macroinvertebrate data were examined separételyiffle and edge habitats. Replicates were
examined individually (i.e. not averaged) at absibecause the aim is to examine within-site tiariaas
much as it is to describe patterns among sitdgsastage.

2.6.3.1 Univariate analysis

The univariate techniques performed on the macesiebrate data, include:

> Taxa Richness and EPT taxa index (richness antiveelzbundance)
> SIGNAL-2 Biotic Index (Chessman, 2003)
> ACT AUSRIVAS O/E scores and bandings

Taxa Richness refers to the number of differerd teontained in a sample. EPT Taxa Index referkdo t
proportional representation of key macroinvertebtaka belonging to the Ephemeroptera, Plecopteta a
Trichoptera groups. Stream Invertebrate Grade NumbAverage Level (SIGNAL) is a biotic index
based on pollution sensitivity values (grade numpassigned to aquatic macroinvertebrate familias t
have been derived from published and unpublishfmiriration on their tolerance to pollutants, such as
sewage and nitrification. Each family in a sam@essigned a grade between 1 (most tolerant) and 10
(most sensitive). The SIGNAL index is then caloethtas the average grade number for all families
present in the sample. The resulting index scoretlban be interpreted by comparison with reference
and/or control sites. Recently these grades haee beproved and standard errors applied under the
SIGNAL2 model approach developed by Chessman (2008)se changes were introduced to improve
the reliability of the SIGNAL index. The variatiom the above univariate indices between location
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(‘'upstream' versus 'downstream’ site groups) asd ialdividual sites was assessed using analysis of
variance (ANOVA) methods.

2.6.3.2 Multivariate analysis
All multivariate analyses were performed using PERAversion 6 (Clarke and Gorley, 2006).

Non-metric multidimensional Scaling (NMDS) was @erfied on the macroinvertebrate community data
following the initial cluster analysis. NMDS is auttivariate procedure that reduces the dimensignafi
multivariate data by describing trends in the jaioturrence of taxa. The initial step in this psxeas to
transform the data {4root) to down-weight the influence of highly aband taxa and calculate a
similarity matrix for all pairs of samples based the Bray-Curtis similarity coefficient (Clarke and
Warwick, 2001).

For the macroinvertebrate data collected during $arvey, the final number of dimensions is reduoed
two. How well the patterns in the 2-dimensional NSIplot represent the multivariate data is indicdagd
the stress value of each plot. The stress leval mseasure of the distortion produced by compressing
multidimensional data into a reduced set of dimamsiand will increase as the number of dimensisns i
reduced. Stress can be considered a measure ofirige® of fit” to the original data matrix (Kruskal,
1964), and when near zero suggests that NMDS pattge highly representative of the multidimendiona
data. Stress values greater than 0.2 indicatesrargpresentation (Clarke and Warwick 2001).

An analysis of similarities (ANOSIM) test is a nparametric permutation procedure, applied to the
similarity matrix underlying the NMDS. This test svgperformed on the data to determine whether
macroinvertebrate communities were statisticallffedént upstream and downstream of the discharge
point, and also between individual sites. Signifima was defined as being at the 5% probabilitylleve
(p<0.05).

The similarity percentages (SIMPER) routine wasiedrout on the datasets to examine which taxa were
responsible for, and explained the most, variatnong statistically significant groupings. This
procedure was also used to describe groups (iiehvidixa characterised each group of sites) (Clarke
Warwick, 2001).

2.6.4 AUSRIVAS assessment

The Australian River Assessment System (AUSRIVAS) a prediction system that uses
macroinvertebrates to assess the biological heéltivers and streams. Specifically, the model stes
specific information to predict the macroinvertabréauna Expected (E) to be present in the abseice
environmental stressors. The expected fauna frees siith similar sets of predictor variables (plgsi
and chemical characteristics influenced by non-hugtzaracters, e.g. altitude) are then compareteo t
Observed fauna (O) and the ratio derived is useiddizate the extent of any impact (O/E). The ratio
derived from this analysis is compiled into bandh&d(i.e. X, A-D; Table 4) which are used to gatiye
overall health of a particular site (Coyshal, 2000). Data are presented using the AUSRIVAS SJE
ratio (Observed/Expected score for taxa with a >508bability of occurrence) and the previously
mentioned rating bands (Table 4).

Macroinvertebrate results were simplified to famdyel to allow for an AUSRIVAS assessment, except
for Chironomidae (identified to sub-family), Oliguaeta (class) and Acarina (order) groups, as is the
required approach for input to the ACT AUSRIVAS retsd
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Site assessments are based on the results fromthethifle and edge samples. The overall site
assessment was based on the furthest band fronenmeéein a particular habitat at a particular dfer.
example, a site that had a Band A assessment iadipe and a Band B in the riffle would be given an
overall site assessment of Band B (Coysh et aDpR0An cases where the bands deviate significantly
between habitat (e.g. D — A) an overall assessimevoided due to the unreliability of the results.

The use of the O/E 50 scores is standard in AUSFRIMAowever, it should be noted that this resttiots
inclusion of rare taxa and influences the sensjtiof the model. Taxa that are not predicted taiocaore
than 50% of the time are not included in the O/&rss 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 compositieer time (Cao et al., 2001). However, it should
also be noted that the presence or absence dfavaaeloes vary over time and in some circumstatiees
inclusion of these taxa in the model might indicktlse changes in the site classification becahse t
presence or absence of these taxa might be a danofi sampling effort rather than truly reflecting
ecological change.

One caveat to note in this study is that while AWGAS predictions based on physical information can
result in similar taxa expected to occur withinfelieént stream types (i.e. intermittent and perdhnia
disparities in macroinvertebrate communities alated to system-—specific differences such as water
chemistry and the disturbance and flows regimesjltiag in adaptations to cope with these diffeemnc
(Wallace, 1990). The AUSRIVAS model does not tdledegree of flow permanence into account which
could result in erroneous predictions by the mad®l lead to misleading outputs. It is thereforeisatl
that caution should be given to the AUSRIVAS ousdior the Burra Creek sites.

2.7 Macroinvertebrate quality control procedures

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

Organisms that were heavily damaged were not seladtiring sorting. To overcome losses associated
with damage to intact organisms during vial transiéempts were made to obtain significantly mitian
200 organisms;

Identification was performed by qualified and exgeced aquatic biologists with more than 100 haiirs
identification experience;

When required, taxonomic experts confirmed iderdiion. Reference collections were also used when
possible; ACT AUSRIVAS QA/QC protocols were follothean additional 10% of samples will be re-
identified by another senior taxonomist and the8éQ@T results will be made available as part offthal
report; and very small, immature, damaged animalsupae that could not be positively identified aver
not included in the dataset.

All procedures were performed by AUSRIVAS accredigeaff.
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Table 4. AUSRIVAS band-widths and interpretations for the ACT spring riffle and edge models

More diverse than expected. Potential enrichment or
naturally biologically rich.

0.57-0.85 0.61-0.86 Significantly impaired. Water quality and/or habitat
potentially impacted resulting in loss of taxa.

Extremely impaired. Highly degraded. Water and/or
<0.28 <0.35 habitat quality is very low and very few of the expected
taxa remain.

2.8 Licenses and permits

All sampling was carried out with current sciemtifesearch permits under section 37 of the Fisherie
Management Act 1994 (permit number P01/0081(C)).

ALS field staff maintains current AUSRIVAS accredion.
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3 Results

3.1 Summary of sampling conditions

The spring sampling run for Burra Creek was conepledn the 4 and %' of October. Six sites were
sampled in this sampling run; one site was misssdlise access permission from one of the land swner
has been revoked (BUR 1b: Table2). QBYN 2 and BU&Re3still currently inundated by Googong dam
water (Figure 1) and for this reason were not sathpBUR 2c was added to the programme as an
alternative to BUR 3. There is no suitable altauafor QBYN 2 within this section of the Queanbeya
River. In total 21 samples were collected (of asfile 24). Three were missed (Table 5) due to lowd
above Williamsdale bridge (i.e. at the upstreantrobsites).

Table 5. Macroinvertebrate samples collected during the autumn sampling run

QBYN1 2 2

BUR1la 1 1 Limited riffle and edge habitat due to low surface flow

BUR1c 1 2 Edge not deep enough in sections. Only one sample was possible
BUR2a 2 2

BUR2b 2 2

BUR2c 2 2 Replacement for BUR 3 while it is inundated

Flows in Burra Creek averaged 0.53 ML/d over the tay period; while flows in the Queanbeyan River
averaged 86 ML/d. Weather conditions were mild hwitaximum temperatures ranging from 16-18°C
over the two day period.

Immediately upstream of the Williamsdale road beidgonstruction work has intensified (Plate 1),clhi
involves the excavation for the pipe installatiod dhe M2G discharge structure. This work also ive®
the diversion of upstream flow around the trenchetmw Williamsdale Road to enable work to proceed.

Plate 1. Looking downstream Williamsdale Bridge (left) and creek water being diverted downstream of
Williamsdale Bridge during construction
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3.2 Hydrology and rainfall

Prior to the spring sampling run in early Octob#? &4nd ") Burra Creek was flowing less than 1ML/d

for the month of September (Figure 2; Table 6)cdntrast, flows in September 2010 averaged 38 ML/ d
which correspond to a considerably wetter Septenaber October in previous years compared to the
current (Figure 3). Rainfall in November was thghist on record for that month and was 60% greater

that the long term average. Flows increased to ximan of 747 ML/d on the 3Dfollowing 5 days of
constant rainfall.

Rainfall and the Hydrograph for the Queanbeyan Riokowed a similar pattern to Burra Creek (Figure
4) in that the majority of spring rainfall fell itne later part of November and rainfall in Septerrdoed
October was below the period of record average&sh month.

Flows on the days that sampling took place werblBd on the Queanbeyan River in th& @f October
and 0.63 an d 0.76 ML/d in Burra Creek on tHeadd %' respectively. Burra Creek had 32 wet days in
total over the spring period.

ALS Water Resources Group ACT CITRIX HYDSTRA  HeLorviss oupuzsonz012

Period 3 Month Plot Start 00:00_01/09/2011 2011
Interval 3 Hour  PlotEnd 00:00_01/12/2011

— 410774 Burra Ckat BurraRd  141.00 Mean Discharge (M/Day)

[J 570951 Burra at Burra Rd. 10.00 Total Rainfall (mm)
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Figure 2. Spring hydrograph and rainfall for Burra Creek
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Figure 3. Rainfall comparisons on a monthly basis for spring (2009-2011) recorded at Burra Creek
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ALS Water Resources Group ACT CITRIX HYDSTRA  #veeorviss oupuzionzon

Period 3 Month Plot Start 00:00_01/09/2011 2011
Interval 3Hour  Plot End 00:00_01/12/2011
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Figure 4. Spring hydrograph and rainfall for the Queanbeyan River (upstream of Googong reservoir)
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3.3 Water quality

The continuous water quality parameters in Burraekrremained stable throughout September and
October (Figure 5). Turbidity increased in respotwseainfall-induced runoff. There were four days i
early October where instant maximums went ovemipger ANZECC limits, however based on the daily
means, turbidity was within the limits 100% of tirae in September and October, but because of heavy
rainfall in late November, the upper guideline tenivere exceeded for 8 days (26%) in November.

Surface water temperatures gradually increased spréng at both water quality stations in respotase
increasing air temperature. In Burra Creek, theayetemperature at the beginning of spring was Q.
which increased to 19.2 °C by the end of Novembemperature in the Queanbeyan River ranged from
11.4 — 20.3 for the same period (Figure 6).

Electrical conductivity in Burra Creek ranged calesably from 131.7 — 592 us/wover the spring
period. Daily averages stayed above 500 {fs/niil the end of November when the dilution efféram
the increased flows dropped EC to 131 [is/EC in the Queanbeyan River followed the same teaip
trend over the spring period except that the ravag considerably lower (65 — 115 pZjm

There were similar changes in the diurnal rangedissfolved oxygen recorded at both stations (Figure
& 6). Both stations indicate a widening of the ditfnce in daily maximums and minimums as mean
surface flows and temperature increase. Dissolwgden was within the recommended guideline limits
of 90-110 % for 68% of spring (based on daily mg¢absring November, D.O was below 90% for 29 out
of the 30 days. pH was within the recommended upipétr of 8.0 for 4 days of the three month spring
period (4.3%).

The results from both the field measurements aadah analysed grab samples are presented in Table
with relevant ANZECC and ARMCANZ (2000) guidelirinlts.

Total Nitrogen levels have dropped since springd2®ten all sites exceeded guidelines. All sitesnang
below the guidelines with the exception BUR1c. Tétaosphorus results also represent a decrease sinc
spring 2010. Again, during the previous spring @eriall sites were in breach of the ANZECC guidelin
upper limits, but are now within or on the cusptle¢ upper limit of 0.02 mg/L. There is an obvious
increase in EC and pH below BUR1a, with all valfespH and EC exceeding the guideline values
downstream of this site.

Table 6. Spring rainfall and flow summaries for Burra Creek and the Queanbeyan River. Flow values are
daily means; rainfall is monthly totals (mm)

Burra Creek (410774) Queanbeyan River (410781)

Rainfall Mean Flow (ML/d) Rainfall Mean Flow (ML/d)
September 33.8 0.84 28.8 88.38
October 39.0 1.10 40.8 61.29
November 185.6 14.9 202.0 122.7
Spring Total 258.4 5.61 271.6 90.79
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ALS Water Resources Group ACT CITRIX HYDSTRA HYPLOT V133 Output 24001/2012
Period 3 Month  Plot Start 00:00_01/09/2011 2011
Interval 3 Hour Plot End 00:00_01/12/2011
— 410774 Burra Ck at Burra Rd 810.00 Max & Min  Turbidity (NTU)
10000,
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103 5
E“p.l’\.mrﬁk vyl i, Aaatyhd My J.."A‘_an.T
0.13
— 410774 Burra Ck at Burra Rd 450.00 Mean WaterTemp(DegC)
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=
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Figure 5. Continuous water quality records from Burra Creek (410774) for spring 2011
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ALS Water Resources Group ACT CITRIX HYDSTRA HYPLOT V133 Output 24/01/2012
Period 3 Month  Plot Start 00:00_01/09/2011 2011
Interval 3 Hour Plot End  00:00_01/12/2011
— 410781 Qbeyan U/S Googong 810.00 Max & Min  Turbidity (NTU)

1000,
10
1
0.1
— 410781 Qbeyan U/S Googong 450.00 Mean WaterTemp(DegC)
30
25/
204
15]
10
[
— 410781 Q'beyan U/S Googong 821.00 Mean EC (uS/cm) Comp 25 C
150
1307
1107
907
703
501
— 410781 Q'beyan U/S Googong 804.00 Mean pH
8.5
8.3
8.11
7.93
7.7]
7.51
— 410781 Qbeyan U/S Googong 1152.00 Max & Min DO (% saturation)
118
108]
98]
88]
78]
Sep | Oct Nov

Figure 6. Continuous water quality records from the Queanbeyan river (upstream of Googong Reservoir: 410781) for spring 2011
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Table 7. In-situ water quality results from spring 2011 (ANZECC guidelines are in bold parentheses). Yellow cells indicate values outside of ANZECC and
ARMCANZ (2000) guidelines. Orange cells indicate value is on the cusp of the guideline.

11:30
4/10/11

13:50

BURL | 50111

16.4 124 4 6 0.23

15:10

BURLe | 50111

11 0.29

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

Chlorophyll-a concentrations varied considerably oagst sites (Figure 7). The highest
concentrations were at QBYN 1 (19873 pg))rand the lowest were recorded at BUR 2b (410 jrg/m
%). Mean values were highest at the upstream cosite[9241 + 7346) and the upstream Burra Creek
Sites (mean=7905 + 4718) compared to the downststi@® in Burra Creek (5454 + 2856) owing to
the large variance around these mean values howteenested ANOVA results show no statistical
difference between locations,(f=3.47; P=0.16; Table 8).

The highest biomass estimates from the ash freendigs (AFDM) analysis were found at BUR 1c
(Figure 8) where the maximum was 72000 mg/BUR 1c showed considerable variation in its
distribution of value$15103 - 72000 mg/if) compared to the range of values across all reénin
sites (3047 - 22000 mg/fh Despite the apparent spike in the biomass esisra BUR 1c, there
was no other obvious spatial pattern in the distidm of the AFDM values. AFDM showed no
statistically significant difference between looa (k3=3.47; P=0.27; Table 8).

Table 8. Nested analysis of variance results for chlorophyll-a and AFDM concentration

Response Source DF F-value P-value
Chlorophyll-a Location ) 347 016
Site [Location] 3 0.30 0.82
Residual 35
AFDM Location ) 508 027
Site [Location] 3 4.52 0.009
35

Residual
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Figure 7. The distribution of Chlorophyll-a at sites along the Queanbeyan River and Burra Creek.
Strip chart values (in black) represent the raw data values for each site
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Figure 8. The distribution of Ash Free Dry Mass at sites along the Queanbeyan River and Burra
Creek. Strip chart values (in yellow) 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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3.5 Macroinvertebrate communities

3.5.1 Riffles

Results from the analysis of similarities (ANOSIM}licate no significant location difference in the
macroinvertebrate community structure (R=0.5; P&D)0Sites forming the main group in Figure 9
(which have a Bray-Curtis similarity coefficient %) are located downstream of the Williamsdale
Road bridge, with the exception of BUR 1c whichosated approximately 400m upstream of BUR
2a.
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Figure 9. Non-metric multidimensional scaling of genus level data from spring riffle samples

Outer ellipse represent s 50% similarity; the inner ellipses represent 60% similarity groupings. Red squares show
sites upstream of the Williamsdale Road bridge, Blue diamond’s represent sites downstream of the bridge and
green circles represent the Queanbeyan River

Since there was no overall location effect anduaf SSIMPER analysis was not applied to the taxa
that best discriminate between groups, but was tsedetermine which taxa characterised each
location group. This analysis shows that the maweitebrate communities within the upstream and
downstream locations in Burra Creek were dominétedigh to moderately tolerant taxa such as:
Orthocladiinae (SIGNAL=4); Chironominae (SIGNAL=3eratopogonidae (SIGNAL=4) and
Caenidae (SIGNAL=4). The majority of these sitasrfdhe main group in the NMDS plot (Figure 9)
— the exception being BUR 1 which, like QBYN1 apsetp be distinctly different from the main

group.

BUR 1 and QBYN 1 differ from the main group. For @B 1, this is primarily due to an increase in
the proportion of more sensitive taxa (i.e. SIGNAL). The location of BUR 1 (positioned away
from the main group and QBYN 1) is largely duehe presence of certain shared taxa with QBYN 1
and is not necessarily related to the absolute eumbthese taxa. For example, EImidae (Coleoptera:
SIGNAL=7) and Leptophlebiidae (Ephemeroptera: SIGNS) were only found at QBYN 1 and
BUR 1. Other examples include Hydrobiosidae (Trjatieoa: SIGNAL=8), which were only found at
QBYN 1 and the genu€himarra (family Philopotamidae: SIGNAL=8) which was fouma its
highest numbers at QBYNL1 but also at BUR 1 allveibwer numbers. In other words, it appears that
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the separation of BUR 1 and QBYN 1 is more to dihwhanges in relative numbers of specific taxa
than the presence or absence of these taxa besitegn

The high number of sensitive genera and overdihass at BUR 1 is highlighted in Figures 10, 11 &
12. QBYN 1 had 19 genera in the EPT group, whilevide collected at BUR 1. The lowest number
of EPT genera was recorded at BUR 1c. Taxonomimess ranged from 36 genera in 28 families at
BUR 1 to 33 genera in 27 families at BUR 2a.
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Figure 10. Average relative abundances of sensitive and tolerant taxa
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Figure 11. EPT richness in the riffle and edge habitats
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Figure 12. Total taxonomic richness in the riffle and edge habitat
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3.5.2 Edges

The edge communities were not significantly différey location (R=0.18; P=0.31). The low R-
value indicates a low association between sampigsnvthe same location group. This can be seen

in Figure 13 where site BUR 1c and BUR 2a and 2braore similar in their macroinvertebrate
composition than other sites in the sample location

As with the riffle data, BUR 1 is distinctly diffent from the main groups. The community
assemblage at BUR 1 was dominated by ChironomitiSNBL=3); Leptoceridae (SIGNAL=4);
Caenidae (SIGNAL=4) and Corixidae (SIGNAL=2).

BUR 1 and QBYN 1 had a higher proportion of semsitePT taxa than all of the other sites (26%
and 35% respectively) (Figure 10). EPT richnesthatfamily level was highest at QBYN 1 with 9
families being collected; however the genus leB&IR 2c (upstream of London Bridge) registered

the richest fauna with 19 genera collected (Fidulre Overall richness was also highest at QBYN 1
(31 families); however at the genus level, 42 genegre collected from BUR 2c (Figure 12).

The sites forming the main cluster in Figure 13faly BUR 2a, 2b and BUR 1c) were all dominated
by Oligochaetes (SIGNAL=2) Caenidae (SIGNAL=4) adtdironomids (SIGNAL=3). Dysticidae

(SIGNAL=2) and Corixidae (SIGNAL=2) all charactexts these sites. There was also a notable
absence of Gripopterygidae (SIGNAL=8), which featuat QBYN 1 and BUR la. Other sensitive

taxa, such as Leptophlebiidae and Baetidae wetectedl, but were rare in the samples compared to
previous sampling events and the other sites sassessment.
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Figure 13. Non-metric multidimensional scaling of genus level data from spring edge samples.
Ellipses represent the 40 % and 55% similarity groups

Red squares show sites upstream of the Williamsdale Road Bridge, Blue diamond'’s represent sites downstream
of the bridge and green circles represent the Queanbeyan River
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3.7 AUSRIVAS Assessment

Compared to spring 2010, the AUSRIVAS assessmaearthéoriffle habitat showed an improvement
in condition at BUR l1a; BUR 2a and QBYN 1. The alkesite assessments showed that QBYN 1
was close to reference while the remaining site®wensidered to be significantly impaired (BAND
B; Table 9). Due to inconsistent assessments flastibsampling procedure, there were no reliable
assessments available for BUR 1c and BUR 2a.

Statistically, there were no differences found testwlocations based on the OE/50 scores from the
riffle samples (Es=1.31; P=0.38; Table 10); nor were there any sicgmift differences detected for
the SIGNAL-2 scores amongst locations £/2.63; P=0.21; Table 10). The OE/50 scores from the
edge samples at the Queanbeyan control site wgndisantly higher than the Burra Creek sites
(both up and downstream of the discharge poinf}HF08.35; P=0.001; Table 11). However there
was no location difference detected in for the SKEN2 scores amongst locations,@8.29;
P=0.06; Table 11).

The number of missing taxa from the riffle samplesged from 2-7. The Queanbeyan River control
site had the least number of missing taxa on aeefABPENDIX D). These taxa included pea shells
(Sphaeriidae: SIGNAL=5); freshwater mites (AcariB#GNAL=6) and sand-flies (Ceratopogonidae:
SIGNAL=4). These taxa were missing from most of ¢lteer sampling sites, but also included were
riffle beetles (EImidae: SIGNAL=7); Leptophlebiidé®IGNAL=8) and another less sensitive mayfly
family — Baetidae (SIGNAL=5). Only two taxa weressing from the Queanbeyan edge samples.
These were Acarina and Leptophlebiidae (APPENDIX Bjough it should be noted that
Leptophlebiidae was only absent from one of thessilisamples. The usually ubiquitous Corixidae
(SIGNAL=2) was absent only from BUR 2c, while otlfasually) common taxa such as Baetidae and
stick caddis (Leptoceridae: SIGNAL=6) were alsoesibsat several sites (mainly at sites in Burra
Creek downstream of the discharge point).

The highly sensitive stonefly family, Gripopteryga (SIGNAL=8) was highly abundant at QBYN 1.
This family was completely absent from the edgemamat all Burra Creek sites, but was collected
in the riffle samples. Gripopterygidae was absemnfat least one sample from every other site, but
not entirely absent. A full taxonomic inventorysisown in APPENDIX E.
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Table 9. AUSRIVAS and SIGNAL-2 scores for spring 2011

QBYN1
QBYN1
QBYN1
QBYN1
QBYN1
QBYN1
BURL

BURL

BUR1

BURILC
BUR1LC
BURLC
BURLC
BURILC
BURILC
BUR2A
BUR2A
BUR2A
BUR2A
BUR2A
BUR2A
BUR2B
BUR2B
BUR2B
BUR2B
BUR2B
BUR2B
BUR2C
BUR2C
BUR2C
BUR2C
BUR2C
BUR2C

DO WNRPFPOOORWNRFRPOORARWNREPOURMWNRPEPWONPEPOODUODWDNPRE

4.73
4.50
4.73
4.80
4.82
4.82
4.33
4.25
4.33
4.33
4.33
4.70
4.78
4.33
4.56
5.00
5.09
4.25

1.01
0.92
1.01
0.92
1.01
1.01
0.83
0.74
0.83
0.83
0.83
0.92
0.83
0.83
0.83
0.92
1.01
0.74

A A
A A
A A
A A
A A
A A
A A
A A
A B
B A
B A
C A

A

A

A
A B
A A
A A
A X
A A
A A
B A
B A
B A
B X
B A
A A
B A
B A
B A
A X
A A
B A

(o8]

m-l
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Table 10. Nested analysis of variance table from the riffle samples, based on OE50 and SIGNAL scores

Response Source DF F-value P-value

OE 50 Location 2 131 0.38
Site [Location] 3 10.24 <0.01
Residual 29

SIGNAL -2 Location 5 263 0.21
Site [Location] 3 746 <0.01
Residual 29

Table 11. Nested analysis of variance table from the edge samples, based on OE50 and SIGNAL scores

Response Source DF F-value P-value

OE 50 Location 2 108.35 0.001
Site [Location] 3 0065 097
Residual 32

SIGNAL-2 Location 2 8.29 0.06
Site [Location] 3 072 054
Residual 32
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4  Discussion

4.1 Water Quality and periphyton

The water quality results indicate that the mayooit the parameters analysed in spring 2011 wetiginwi

the ANZECC & ARMCANZ (2000) guidelines for healtlecosystems; however, as has been the case
ever since the inception of this project, electrimanductivity (EC) in Burra Creek (downstream bét
Cassidy Creek confluence) is consistently exceettingipper limit of 350 us/cfaDue to the nature of
Burra Creek, this trigger value is unlikely to ewer consistently met during routine monitoring hesea

of the high level of carbonates surfacing fromgheundwater.

These naturally high readings in Burra Creek ariékely to be detrimental to the current state o th
aquatic fauna because communities and individesisling in and around Burra Creek are likely toehav
become either locally adapted to the water chaiiatitss of the creek or are taxa that out compett a
therefore have a preference for these conditionth this in mind, basing the currently employedger
values, which were developed for perennial systenit moderately soft water, on a system with
naturally hard water is currently meaningless imgof ecosystem protection. The most likely impact
the system (downstream of the discharge point drBid) will be the introduction of Murrumbidgee
River water, which has lower pH and EC.

Previously ALS has recommended a re-evaluatiomesd trigger values (ALS, 2011b). To this end we
are currently working on documentation to suppacteasing the upper threshold for the EC levelsfro
the current value of 350 ps/@mAt this stage of the data review, it is a reasomadtimate that the
proposed new upper limit for EC in Burra Creek Malll in the range of 400-450 ps/énbased on the
80" percentile values for the period of record from Burra Creek gauging station.

Total nitrogen concentrations were lower in thismo of sampling compared to spring 2010. This is
likely due to fewer rainfall events prior to thargaing event, which would have reduced the amodint o
surface runoff. However, it should be noted thatnhtural levels of TN within Burra Creek can bghhi
(i.e. in spring 2009, TN was three times highentttee ANZECC trigger value at BUR 1a) given tha th
historical data is now showing levels exceedinguppger ANZECC limits in the nature reserve (BUR 1a)
indicating that the source is not necessarily ayagstoral runoff; but moderate levels are alseqirein

the rainfall itself (Hynes, 1970). Although BUR Htill exceeds the ANZECC guidelines for this
parameter, this reading is below the lowest vahloenfspring 2010 (0.35 mg/L). The riffle depth was
lowest at BUR 1c and for that reason it might basomable to assume that there was a greater
groundwater contribution at this site, which mayééed to higher (than the other sites) TN valdesh(e

7). Further evidence of this comes from our fielib@rvations where frequent patches of iron bacteria
were noted (APPENDIX A). The high TN value at BURdan also be attributed to the high ash free dry
mass content (AFDM; Figure 8), where this high argacontent would account for a considerable
amount of TN as CPOM (coarse particulate organiteria), since the dissolved inorganic content (i.e
nitrates, nitrites and ammonia) is low.

The continuous pH and dissolved oxygen (D.O %)desal(Figure 5) show consistent diurnal patterns
over the spring period. D.O. (% sat.) increasediiitsnal range in November as the surface temperatu
rose. This is consistent with previous spring date consistent pattern over much of spring istdu@e
lack of rainfall (compared to previous years — Fg3). Overall, these patterns indicate good water
guality and no notable change outside of what @aocdmsidered natural variation.

Periphyton results as Chlorophyll-a and ADFM (Fegir7 and 8) showed no obvious pattern in the
median values amongst sites, although, variatiahéndistribution was higher at the Queanbeyan IRive
site and native site on Burra Creek, which coufteéct higher substrate diversity at these sited fise

dry mass as already indicated was higher at BUBdwr the other sites. There were some relativegl hi
values at that site and these are likely due tdafgee amount of detrital material seen in thdaifone
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from decaying macrophytes as the water level drdppesignificant amount of new macrophyte growth
along the bank margins was noted during this freld, as were some patchy tufts of new algal growth
(e.g.Stigeoclonium sppwhich would have contributed to the chlorophylientent in the periphyton.

4.2 AUSRIVAS assessment and macroinvertebrate assemblag es

Although there were improvements at the (rifflepitat level at BUR 1a, BUR 2a and QBYN 1 since the
previous spring sampling run, only QBYN 1 displayedoverall site improvement (based on both habitat
AUSRIVAS bands) — moving from BAND B to BAND A. Themaining sites (all in Burra Creek) were
assessed as BAND B, which is consistent with thalte from spring 2010.

High loads of organic matter, combined with verny libows and a high silt load at BUR 1c are likelhet

key contributing factors to its current conditioBther sites under assessments are consistent with
previous spring results suggesting that the curaeaessments are reflective of natural variaticdhimvi

the system. At this point it is fair to suggesttttiee construction work under taken at Williamsdatad
bridge has not had a negative impact upon anyeokdly indicators addressed as part of this monigori
program. The caveat to this is that this monitonwvas undertaken during a sustained period without
rainfall and hence surface runoff. Assessing respsiiollowing rainfall events would require addied
monitoring.

Missing taxa from the riffle habitat in Burra Creigkluded taxa with a range of sensitivity scoraage:
4-8) (APPENDIX E). For example, Hydropsychidae (RI=6); Baetidae (SIGNAL=5);
Leptophlebiidae (SIGNAL=8); Elmidae (SIGNAL=7) ai®phaeriidae (SIGNAL=5) were amongst the
most frequently missing taxa. The Queanbeyan Riiterhad the least number of highly sensitive taxa
(i.,e. SIGNAL >7) missing compared to the Burra Grestes (APPENDIX E). For example, both
Leptophlebiidae and Gripopterygidae (SIGNAL=8) wpresent at QBYN 1 but missing from four of the
Burra Creek sites, while Elmidae (riffle beetlesdrev present in the majority of QBYN 1 samples and
missing in Burra Creek.

The absence of the riffle beetles in Burra Creelkitpaowards flow as the key factor influencingithe
distribution. Velocity readings indicated considdyaslower flows than recorded in the Queanbeyan
River. Grubbs (2010) found higher densities andtingd abundances in a perennial stream comparad to
nearby intermittent stream and related this to flmwvmanence and differences in velocity. Riffletlase
(as their names suggest) have an affinity to redlde so this result is unsurprising.

Baetid mayflies (SIGNAL=5) were missing only frohetriffles at the upstream Burra Creek sites (BUR
la and BUR 1c). The distribution of this family mawyfly can also be related to flow to a certaireakt
given that they prefer cooler faster flowing waBrittain, 1982; Brittain and Saltveit, 1989). Veity
readings at the upstream sites were lower on aeeifzan the downstream sites (upstream = 0.1 m/s;
downstream = 0.3m/s) and the average depth upstoéafvilliamsdale Road bridge was considerably
shallower than the downstream riffles (upstream5=cf; downstream = 13.4cm).

Under these low flow conditions the mean upstreamperature was higher by 2.6 °C compared to the
downstream sites, which may have also been a batitrg factor to their absence (Brittain, 1982).
Stanley et al. (1997) explain that during dryingipes, surface water can become depleted in oxygen,
favouring taxa such as some species of Chironothalsuse alternative forms (other than the dissblve
form) for respiration. Further, they found thataaxith high dissolved oxygen requirements wereeeith
absence or notably depleted in drying riffle habitaimilar to those experienced at BUR 1a and BOR
This agrees with the current data, which shows foredative abundances of sensitive taxa at the
upstream Burra Creek sites (Figure 10) and lowdr &¢hness in this location (Figure 11). This grafp
taxa contains many of the mayflies requiring sweflow for respiration.
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During low flow conditions, the edge habitat mawdagrovided refuge for these mayflies (Boulton,
1989; Karr, 1999) given that at both sites whesy tlvere absent from the riffle, they were preserihe
edge samples (APPENDIX E). Edge habitats had feéawexr missing than the riffle habitats, suggesting
that during dry periods of low base-flow there @mme resistance to these otherwise unfavourable
conditions. Consequently, the AUSRIVAS results ¢adié generally healthy edge communities (Table 9)
with high taxonomic richness (Figure 12). Also otenis that taxonomic richness was higher in trgeed
habitat compared to the riffle habitat at sitedwiing standing pools (i.e. BUR 1c, BUR 2a, BURa2il
BUR 2c¢). This either suggests that these semi-pagntgpools are indeed acting as a refuge for riéfka
during low flow or dry periods or, the less frequeisturbance regime within these pools is allowing
diversity within the communities to be retainedidgrperiods of stress. The data collected during th
monitoring run supports both ideas to a certairlleVhere was a low degree of overlap betweereriffl
and edge faunas (approximately 15%) among these @itased on Jaccard’s similafjtghowing that
some taxa common to the riffle were also foundhie ¢dge habitat. Further examination of these data
revealed that most of the taxa shared among habitate not specialist riffle dwellers and therefore
whether or not these particular groups were seelghgye remains uncertain.

It should be noted that while there was no religdgsessment (NRA) available for BUR 2a (Tablets), t
majority of the edge samples were either assess&AAID A (close to reference) or BAND X (more
taxa than expected). The problem with the overdeasment at this site was that there was moreathan
bandwidth difference between the highest and lowsseéssment (i.e. X and B). This is the consemativ
approach to site assessment under the AUSRIVASolst (Barmuta et al., 2003) and it should be noted
that the BAND B’s only occurred as a result of rgg family (Baetidae: SIGNAL =5) being missing —
this family was present in all other samples cedidat this site.

Although there was no statistically significant fdiences in the community assemblages amongst
locations, there appeared to be distinct faunashen BUR la (native) site compared to QBYN 1
(perennial control) and the main group, which coad the remaining Burra Creek sites (Figures 9 and
13). The absence of any significant differenceargély driven by the relationship of BUR 1c witheth
downstream sites in Burra Creek, compared to BURnbich is also upstream of Williamsdale Bridge,
but is certainly distinct from the main group. BUR is within the headwater section of Burra Cresdk a
has a considerable riparian zone, providing bo#tdskand organic carbon in the form of leaf liteethe
system. These key differences are likely to benth@n factors contributing to the community diffecen
between BUR 1a and BUR 1c given that the ripartap sdjacent to BUR 1c has been cleared and is
essentially restricted to a mixture of pastoral aative grasses.

The apparent separation of QBYN 1 from all of th&r8 Creek sites is most likely a function of the
degree of flow permanence between streams (Smdh/Mood, 2002). The Queanbeyan River, being a
perennial stream naturally supports a wider dityerand higher number of taxa that require or have a
preference for fast flowing water. Gripopterygidéa, example, were found in very high numbers at
QBYN 1 compared to all other Burra Creek sites,leviiilmidae andChimarra sp.(Philopotamidae),
were only found at QBYN 1, where the riffles wemngrally cooler with higher surface velocities.aln
comparison of intermittent and perennial streamdlleMand Golladay (1996) reported collecting
Chimarra sp.from the perennial stream but never from the neartermittent stream and suggested that
the periodic drying in-between the periods of canssurface flow prevent these taxa from completing
their lifecycle.

! Data not shown, but available on request
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5 Conclusions and Recommendations

Surface flow appears to be the governing factahe determination of macroinvertebrate assemblages
within Burra Creek. Burra Creek, especially in tipper reaches, is reliant on rainfall runoff forstneam
flow. During dry periods, as was experienced legdip to the spring sampling run, the majority o th
surface flow from groundwater and seepage can therdow as the season progresses. These natural
periods of wetting and drying in Burra Creek leadithigh degree of variation, both within and betwe
sites.

The Queanbeyan River experiences similar seasanations, but because of the perennial naturhisf t
river, the community assemblages show less vaniatimd to some degree are more predictable. During
the operation of M2G we are likely to see longerqus of higher volume (relative to the naturahflo
regime) flow within the downstream sites in Burrae€k. This is likely to create a more stable
environment for flow sensitive taxa such as thosentioned previously and encourage localised
recruitment. This in turn may facilitate fish anldtypus populations to return to Burra Creek asyran
these sensitive taxa feature in their diets (Mclacroup et al., 2010). If as suggested, the jpmol
edges do provide an important refuge for taxa dutlity periods, one of the management goals coutd be
ensure that they are maintained between operagpumaping times with top up discharges. This factor
likely to become increasingly important if fish lrego recruit and utilise Burra Creek more readihce
M2G is operational, because during the ramp dovas@lof the operation, fish will require stable tettior
survival once flows return to their current lownldevels.

Upstream of Williamsdale bridge (BUR la and BUR, Ibgre are unlikely to be any changes in the
system over and above what we are seeing currdise sections will remain intermittent and highly
dependent on rainfall and surface runoff for mamtae flow.

All of the recommendations made to date concerrigra Creek have been synthesised in a
recommendations summary document (ALS, 2012). @atsif this document, there are no new
recommendations to be made following the springpiaugn run.
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Appendix A —
Site Photographs

| Final

Spring 2011 36



ActewAGL Distribution
ALS MEMP: Part 2: Burra Creek

BUR 1a — upstream of Cassidy’s Creek confluence

Looking downstream towards Cassidy Creek Looking upstream

BUR 1c — upstream of Williamsdale Bridge

Highlighting the limited riffle habitat Iron bacteria along the margins

BUR 2a — downstream of Williamsdale Bridge

Sorting macroinvertebrates Silt boom downstream of Williamsdale Bridge
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BUR 2b — downstream of Burra Road Bridge

Pool downstream of Burra Road Bridge Riffle habitat (mid-ground)

BUR 2c — upstream of London Bridge

Riffle habitat

QBYN 1 — Flynn’s Crossing

Riffle habitat facing upstream Riffle habitat facing downstream
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Appendix B —
Interpreting box and whisker plots
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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.

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

A

Maximum value excluding outliers

<«—— 75" percentile

50" percentile (median)

A

A

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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RIFFLE

Two-Way Nested Analysis

TESTS FOR DI FFERENCES BETWEEN Site Code GROUPS

(across all Location groups)

d obal Test

Sampl e statistic (@obal R: 0.731

Significance level of sanple statistic: 0.1%

Nunber of pernutations: 999 (Random sanpl e from 28588560)

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

TESTS FOR DI FFERENCES BETWEEN Locati on GROUPS

(using Site Code groups as sanpl es)

d obal Test

Sanple statistic (dobal R: 0.5

Significance level of sanple statistic: 6.7%

Number of pernutations: 60 (Al possible pernutations)

Nunmber of pernuted statistics greater than or equal to Aobal R 4

EDGE

Two-Way Nested Analysis

TESTS FOR DI FFERENCES BETWEEN Site Code GROUPS

(across all Location groups)

d obal Test

Sanpl e statistic (@obal R: 0.757

Significance | evel of sanple statistic: 0.01%

Nunmber of pernutations: 9999 (Random sanple from 240143904)

Nunmber of pernuted statistics greater than or equal to Aobal R 0

TESTS FOR DI FFERENCES BETWEEN Locati on GROUPS

(using Site Code groups as sanpl es)

G obal Test

Sampl e statistic (@ obal R: 0.182

Significance level of sanple statistic: 31.7%

Nunber of pernutations: 60 (Al possible pernutations)

Nunmber of pernuted statistics greater than or equal to dobal R 19
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Appendix D -

Taxa predicted to occur with >50% probability but not
collected in the spring samples
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APPENDIX D. Taxa expected, but not collected in the edge habitat. The number in each cell is the
probability of collection (np = not predicted to occur)

Edge

BUR1C Edge 0.51 0.72 0.89

Edge
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APPENDIX D (cntd.) Taxa expected, but not collected in the riffle habitat spring 2011

QBYN1 052 051 2

QBYN1 052 073 051 0.76 4

QBYN1 Riffle 052 0.76 2

QBYN1 052 073 051 3

QBYN1 052 091 051 0.52 4

QBYN1 0.52 051 2

~nmp 073 092 067 05

BURL I
BURL - o067

BURIC 059 070 091 075 068 081 052 7

BURLC Riffle 059 070 091 0.75 0.68 0.52 6

BURLC 059 070 091 0.81 0.68 0.52 6
BUR2A 080 I
BUR2A I ]
BUR2A I B
BUR2A I ]
BURA .
BUR2A I

BUR2B 052 073 091 0.78 0.52 5

BUR2B 052 073 091 078 062 0.52 6

BUR2B - 052 073 091 0.78 0.84 052 6

BUR2B 052 073 091 0.52 4

BUR2B 052 073 091 0.78 0.52 5

BUR2B 052 073 091 0.52 4
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APPENDIX E- Taxonomic inventory
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Appendix E — Taxonomic inventory of the macroinvertebrate taxa collected for the riffle habitat.

ctapocera | | | | el [ ]

jcowemgora | | Jel Je] [ |

Decapoda Atyidae
Decapoda Parastacidae

Ephemeroptera | Baetidae . . ° °

Ephemeroptera | Caenidae ° ° ° ° ° °
Leptophlebiidae

Ephemeroptera

Hemiptera Corixidae

Hemiptera Notonectidae

Hemiptera Veliidae

Odonata Aeschnidae

Odonata Coenagrionidae

Odonata Gomphidae ° °
Odonata Zygoptera

Trichoptera Calamatoceridae

Trichoptera Ecnomidae ° ° ° ° . °
Trichoptera Hydrobiosidae . . . . ° °
Trichoptera Hydropsychidae . ° ° °
Trichoptera Hydroptilidae ° ° ° °
Trichoptera Leptoceridae ° o

Trichoptera Philopotamidae ° ° °
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Appendix E (cntd.) — Taxonomic inventory of the macroinvertebrate taxa collected for the edge habitat.

capocera | | ] Je] o] |

couemsoa | Je] el | | |

Decapoda

Atyidae

Decapoda

Ephemeroptera

Parastacidae

Baetidae

Ephemeroptera

Caenidae

Ephemeroptera

Hemiptera

Leptophlebiidae

Corixidae

Hemiptera

Notonectidae

Hemiitera Veliidae ° ° . .

Odonata Aeschnidae °
Odonata Coenagrionidae

Odonata Gomphidae

Odonata Zygoptera

Trichoptera Calamatoceridae

Trichoptera Ecnomidae ° °
Trichoptera Hydrobiosidae

Trichoptera Hydropsychidae

Trichoptera Hydroptilidae ° °
Trichoptera Leptoceridae °
Trichoptera Philopotamidae
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