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EXECUTIVE SUMMARY

This report documents the monitoring and evaluation of ecosystem responses to
Commonwealth environmental watering in the Edwakthkool River System Selected Area in
201617. It is the third annual report of the Long Term Intervention Monitoring (LTIMg&roj
(20142019)funded by the Commonwealth Environmental Watering Offidas project was
undertaken as a collaboration among Charles Sturt University, NSW DPI (Fisheries), Monash
University, NSW Office of Environment and Heritage, La Trobe Universibjlaral Local

Land Services. Field sampling for the project was undertaken by staff from Charles Sturt
University, NSW DPI (Fisheries), and NSWeedifi Environment and Heritage.

This report provides details of the Commonwealth environmental wateringrgtindicators
and an evaluation of the ecosystem responses to flows in the EdWaikbol Selected Area
during the 201617 watering year. This report alwates ecosystem responses to:

1. The large unregulated flow events from August to November 20a6ocarred
following recordbreaking rainfall in parts of the catchment

2.  Environmental watering actions from irrigation canal escapes that commenced in late
October 2016 and continued until December 201¢tovide refuges from hypoxic
water for fish and other guatic biota

3. Environmentalvatering actiors in Yallakool creek and the Wakool River from January
2017 toprovide flow recession at the end of the unregulated flow evédmyallakool
Creekthis action continuednto late autumnivinter 2017to maintain basdlows
duringwinter, whenunder normal river operations there would be a period of cease
to flow in some of the smaller streams when the regulators are shut down in winter

Indicators monitored in 20147 for the EdwardVakool selecte@reaevaluation wee: river
hydrology, water quality and carbon, stream metabolism, riverbank and aquatic vegetation,
fish movement, fish reproduction, and fish recruitment (Murray cod, golden perch and silver
perch). The fish community was monitoredoinly zone three for he basinscale evaluation.

No selected area evaluation for the fish community was undertaken in-2614s thiss
scheduled to benonitored inonlyyears 1 and Bf the project

The following responses to the unregulated flood events from August to NoxeRtli 6 were
observed in the Edwarakool system:

1 Extended period of overbank flows that flooded forest, cropping land, grazing and pasture
landsandincreased connectivity through backwaters, flood runners and anabranches

1 Increased dissolved orgargarbon and nutrients (especially nitrogen and
phosphorous) and a rapid decrease in dissolved oxygen in October 2016 resulting in
hypoxia and widespread fish deaths

9 Large reduction in the cover and richness of submerged and amphibious glairg
the floodandan increase in the cover and richness of terrestrial riverbank plants
followingthe recession of the flood
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was an order of magnitude greater than movents during the preceding months

1 Very low numbers of Murray cod larvae present compared to previous years, as the
hypoxic event occurred at the time of year in which Murray cod spawn in this system

1 Absence of Murray cod, silver perch and golden perch recfoilowing the flood

1 Very highbiomassof tadpoles andnvertebrates observed in netprovidinga source
of food for native fistand other animals.

The responses to the environmental watering actions from irrigation escapes to create local
refugesfrom hypoxic blackwatediffered betweensites The response wasfluenced bythe

extent to which theenvironmentalwater contributed to the river flow. The watg actions

from the Edward escape alakool escape had positive outcomes, improving DO and DOC
downstream of these escapddo targeted fish monitoring was undertaken near these escapes,
howeverlandholders and Fisheries Officers observed fish congregating in the flows from these
escapes, suggesting the water actions were successful in creatitigdddésh refuges during

the hypoxic blackwater condition$he watering action from the Niemur escape did rexult in
any change in indators downstream of the escajppecausehe environmental water

contributed less than 7 % of the total flow in théehhur RiverThe watering action at the Thule
escape was influenced by other localised effech® Watering actioa from the Niemur and
Thuleescapesnay have provided local refuge habitat for fish and other organisms.

During the flood recession and wintenvironmentalwatering action thevater qualitywas
maintainedwithin an acceptable rang&€ompared tdish spawning recorded at the same time
in previous yearghere was increased spawning of carp, carp gudgeon, djuriver
rainbowfish, gambusia and bony herring on the recession of the fldowvever, theravere no
fish recruits of Murray cod, silver perchgalden perch recorded inudumn 2017 .There was
no detectable response of aquatic vegetation on the recessidhe flood or into autumn and
winter 2017, because almorb aquatic vegetation survivetthe flood event

The findings underpin recommendations the timing, duration and magnitude of flow to help
inform the adaptive management of future environmentialws in this systemn summary, the
sevenrecommendationgrom this report are as follows

1. If there is an imminent hypoxic blackwater event during an unregulated flow and
the quality of source water is suitable for an environmental watering action, the
CEWO and other relevant agenciaspartnership with local landholder and
community representativeshould take action to facilitate the earlier release of
environmental water on the rising limb of the flood event to create local refuges
prior to dissoled oxygen concentrations falling below 2 mMgL

2. The installation of a dissolved oxygen logger on an existing NSW Water gauge
downstream of Yarrawonga and upstream of BarAwillewa Forest (such as
Tocumwal) should be considered a priority to enable foreahagers to more
accurately determine and understand the influence of upstream floodplain and/or
the forest on DO and DOC levels in the 4¥igrray reach. Consideration should
also be given to installing dissolved oxygen loggers, both upstream and

6
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downstrean of other forested areas that may influence water quality in the
EdwardWakool system, including Werai Forest.

3. Implement a second trial of continuous basevironmentalflows (no cease to
flow) during winter 2018n the tributaries of the EdwarilVakoolsystem to
promote the temporal availability and continuity of instream habitat to benefit
fish and other aquatic animals and assist the recovery of submerged aquatic
plants in the system.

4, Trial the delivery of an environmental watering action in the EdviRixebr
downstream of Stevens Weir to target golden perch and silver perch spawning
supported with appropriate monitoringr'his recommendation was carried
forward from the 201516 annual report (Watts et al. 2016).

5. Continue to explore opportunities to inease the magnitude of environmental
water delivered to the upper Wakool River to achieve ecosystem outcomes and at
the same time facilitate learning about the systefhis recommendation was
carried forward from the 20186 annual report (Watts et al. 2016

6. Undertake inchannel habitat mapping for all key reaches of the Edw&akool
system, which could then be combined with the hydraulic modelling undertaken
to-date (see Watts et al. 2015) to aliaxilitate learning about tis systemand the
outcomes beig observed from the use of water.

7. The CEWO and other relevant agencies undertake a review of the 2016 flood and
subsequent hypoxic blackwater event in the Murray system and support further
research into understanding these events, to assist future wagmagement.
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1. INTRODUCTION

1.1 Purpose of this report

The Commonwealth Emenmental Water Office (CEWO) has fun@eldongTerm Intervention
Monitoring (LTIM) Project in seven Selected Areas to evaluate the ecological outcome of
Commonwealth environmental water use throughout the vayDarling BasiiMDB) The LTIM
Projectis beingimplemented over five years from 28415 to 201819 to deliver five high level
outcomes:

1. Evaluate the contribution of Commonwealth environmental watering to the objectives of
the Murray-Darling Basin Authorities (MDBA) Environmental Watering Plan;

2. Evaluate the ecological outcomes of Commoaiile environmental watering in each of the
seven Selected Areas;

3. Infer ecological outcomes of Commonwealth environmental watering in areas M
that arenot monitored:;

4. Support the adaptive management of Commonwealth environmental water; and

5. Monitor the ecological response to Commonwealth environmental watering at each of the
seven Selected Areas.

This report documents the monitoring and evaluation of ecosystem responses to Commonwealth
environmental watering ithe EdwardWakool system in 20167. Itis thethird annual report othe
Long Term Intervention Monitoring (LTIM) Proj&eided bythe Commonwealth Environmental
Watering OfficeThis project was undertaken as a collaboration among Charles Sturt University,
NSW DPI (Fisheries), Monash Unikgr&ISW Office of Environment and Heritaged La Trobe
Universiy. Field sampling for this project was undertaken by staff from Charles Sturt University,
NSW DPI (Fisherieedd NSW Office of Environment and Heritage

1.2 Structure of this report

Thepurpose ofthis reportisto evaluateof ecosystem responses to environmental wateringhe
EdwardWakool system i2016-17. Thisreport evaluates ecosystem responses:to

1. The large unregulated flow events from August to November 2016 that occfoiteding
record-breaking rainfall in parts of the catchment

2. Environmental watering actions that commenced in late October 2016 and continued until
December 2016 tprovide refuges from hypoxic water for fish and other aquatic biota

3. Environmentalvateringactionsin Yallakool creek and the Wakool Rifrem January 2017
to provide flow recession at the end of the unregulated flow evémyallakool Creekhis
action continuedduringlate autumnivinter 2017to maintain base flows duringinter,
whenunder rormal river operations there would be a period of cease to filosome of the
smaller streams when the regulators are shut down in winter

8
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This report has 13 sections that provide an overview of results, with more detailed results and
analyses provided ifour appendicesThis introduction(section 1)isfollowed by a description of the
Commonwealth environmental water use objectives and watering actions for this syst@QX6r
17 (section 2) andoverview of the monitoring and evaluation undertakerthirs system for the
LTIM projec{(section 3. Summaries of thewaluation ofresponses of each indicator to
Commonweal environmental wateringind floodingn 201617 are presented in sections four to
eleven hydrology (section 4)vater quality and carbon (section Stream metabolisnf{section §,
riverbank andaquatic vegetation (section),/fishmovement (section 8), fish spawning (sectign 9
fishrecruitment (section 10) and fish community (section.14 synhesis of the resultésection 12
underpins recommendation® help informadaptive managemertf environmental water in this
systemin the future (section 18 Detailed descriptions of results and analyses are provided in
technical appendices: Watguality and carbon (AppeidA), Stream metabolism (Appendix B
Riverbank ad aquatic vegetation (Appendiy,@ndFish(Appendix D.

1.3 EdwardWakool Selected Area

The EdwarédWakool system is a large anabranch system of the MuRiggrin the southernMDB
Australia. The system begimsthe Millewa Forestand travelsorth and thennorthwest before
discharging back into the Murraiver(Figure 1.1). It is a complex network of interconnected
streams, ephemeral creeks, flomdnners and wetlands including the Edward River, Wakool River,
Yallakool Creek, Colligétiemur Creek and Merran Credlnder regulated conditions flows in the
EdwardRiver and tributaries remain within the channel, whereas duhigt flowsthere is

connectivity between the river channels, floodplains and several large forests including the Barmah
Millewa Forest, KoondroeRerricoota Forest and Werai Forest (Figure.1.1

Niemur River

| Koondrook-Perricoota Forest [

L)

1] 125 25 50 Kilometres

Figurel.1 Map showing the main rivers in the Edwafdakool system. (Source: Watts et al. 2013)

WBarmah-MiIIewa Forest m
YARRAWONGA

ff"'
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The EdwardVakool system plays a key role in the operations and ecosystem function of the Murray
River and the southern MDB. Somiethe water released from Hume Dam is diverted from the
Murray River through the Edwai@akool system to avoid breaching operational constraints in the
mid-Murray River. The Edwai/akool system also plays an important ecological role in connecting
upstream and downstream ecosystems. The multiple streams and creeks in this system provide
important refuge and nursery arséor fish and other aquatic organisms, and adult fish regularly
move between this system and other parts of the Murray River. As sothe oivers in the Edward
Wakool system have low discharge (compared to the Murray River) there is a risk of poor water
guality developingin this systemparticularly during warm periods or from floodplain return flows
Maintaining good water quality irhe EdwareMVakool system is crucial for both the river ecosystem,
the communities and landholders that rely on the water from this system, and downstream
communities along the Murray River that are influenced by the water quality of this system.

Like manyivers of theMDB, the flow regimes of rivers in the Edwavdakool system have been
significantly altered by river regulation (Green 2001; Hale and SKM 2@dtlyalflows in this

system are strongly seasonal, with high flaysicallyoccurringfrom July to Novembernalysis of
longterm modelled flow datashowthat flow regulation hasesulted in amarked reduction in

winter high flows, includingxtreme high flow events analverage dailflows during the winter

period (Watts et al 201%). There is alsan elevated frequency of low to median flows and reduced
frequency ofmoderate high flowsThese flow changes reflect the typical effects of flmgime
reversal observed in systems used to deliversigson irrigation flowMaheshwari et al. 1995

The EdwaréWakool system has experienceavale range offlow and water qualityconditions over
the past 15 years, and these antecedent conditions influence the way in which the ecosystem
responds to Commonwealth environmelhigatering.

From 1998 to 2010 soutleastern Australia experienced a prolonged drougmown as the
Milleniumdrought)and flows in theViDBwere at record low levels (van Dijk 2013; Chiew et al.
2014).During this periodhe regulators controlling flows from the Edward River into tributary rivers
such as Yallakool Creek and the Wakool River were cfospériodsof time. Consequently,
between February 2006 and September 2010 there were periods of minimal or ninftbe

Wakool RiverDuring this period localised fish deaths were recorded on a number of occasions
including in 2006 and 2008t the break of the tbught after many years without overbank flows, a
sequence of unregulated flow everttetween Septembe2010 and April 201figgereda
widespreachypoxic(low oxygenplackwater eventn the midMurray Rive(MDBA 2011; Whivorth
et al. 2012)This hypoxa blackwater eventesulted in the loss of many thousands of native fish,
including large individuals of Murray cod (King et al. 2012; Whitworth et al.; 20a#s et al.

20173. Another hypoxic blackwater event occurred in the system in 2012.

From lateFebuary toMay 2016there was avidespreadbloom ofthe cyanobacteri&Chrysosporum
ovalisporunthrough the Murray River catchment that originated upstream of Yarrawonga Wegr.
sharp increase iDOobserved at the onset of the bloom was a result of kiigh rates of
photosynthesis leading to oversaturationtbe water column during the dayHowever, lypoxia was

10
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not observedollowing the collapse of the blooss the bloom decreased gradually in cold water
conditions (Watts et aR016).

Inlate 2016 tlere was a widespread flood in the southdviDBassociated with recortbreaking

rainfall in parts of the catchmerghttp:// www.bom.gov.au/climate/current/annual/aus/2016¢/

Some areas of the floodplain were inundated that had not been flooded for more2@a®ars. In

the Murray catchment, inputs from the Kiewa and Ovens Rivers were the highest since 2010 and the
Murray River flows at Yarrawonga in October were the highest 4i888 MDBARiver Murray

Weekly Report, 7th Decyheunregulated flows from théurray River inudated thefloodplain
includingBarmah Foresand KoondroogPerricoota Forest(Figure 1.1and agricultural langand
resulted in a very large flood event in the Edwavidkool systenfBOM 2017)In association with

the floods there was aypoxicblackwater event that extended throughout the Murray River system,
including the EdwardVakool systemAs a result of the flood, some of the environmental watering
actions planned for the Edwai/akool system in 20167 were not implementegand other

watering actions were undertakeection 2 includes an overview of previdmmmonwealth
environmental watering actions from 2052016 with details of Commonwealth watering actions

in the EdwareWakool River system in 204§ .

11
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2. COMMONWEALTH ENVIRG®IENTAL WATER USE
OBJECTIVESND WATERING ACTIOINSTHEEDWARD
WAKOOL SYSTERD16-17

2.1 Practicalities of environmental watering in the EdwaWlakool system

The main source of Commonwealth environmental water for the EdWéadtool system is from the
Murray Riverthrough the Edward River and Gulpa Creek. During high flow events in the Murray
River, water can alsitow from the Murray River through Koondrodtericoota Forest and into the
Wakool River via Thule and Barber Creg@k& main flow regulating structure within the Edward
Wakool system is Stevens Weir, located on the Edward River downstream of Colligen Creek (Figure
1.1). This structure creates a weq that allows Commonwealth environmental water to be

delivered to Colligen and Yallakool Creeks, the Wakool River, the Edward River and Werai Forest.

Water diverted into the Mulwala Canetbm Lake Mulwal&zan also be delivered into ¢hEdward
Wakool sy 1 SY (i K NR drf dutfalsBan&yed 3% theQrrigateowned companMurray
Irrigation Limited (MIL)Duringa hypoxicblackwater event in 2010, water was released from three
Mulwala Canal escapes to lessen the impact of hypoxia and create localiggiwith higher DO
and lower DOQWatts et al. 2017 In additionthere are numerous smaller escapes throughout the
MIL network that can be used to deliver small flows to the river system.

The ability to deliver environmental water to the Edwakthkoolsystem will depend on water
availability and circumstances in the river at any given time. Commonwealth environmental water
delivery in this system involves various considerations as outlined by Gawne et al. (2013), including:

9 the capacity of the off tads / regulators and irrigation escapes

1 channel constraints (e.g. to avoid third party impacts)

1 the availability of third party infrastructure to assist in delivering water into the system

1 existing flows and other demands on the system.

Delivery of insteam flows to the Edward River, Wakool River, Yallakool Creek, Colligen Creek,
Niemur River and Merran River systamne managed within regular operating ranges as advised by
river operators to avoid third party impacts. For example, in the Wak@adlkookystem the
operational constraint is 600 ML*ct the confluence of the \Akool River and Yallakool Cred&lkus,
the types of flow components that can be achieved with environmental releases under current
operating ranges are iohannel baseflows and fresh (Gawne et al. 2013). Environmental watering
may also be constrained due to the limitations on how much water can be delivered into the
EdwardWakool system under regulated conditions. At times of high irrigation demand channel
capacity will be shared i other water users. If the system is receiving higher unregulated flows,
there may not be enough capacity to deliver environmental water (Gawne et al. 2013).
Environmental flows may be delivered to contribute to the slower recession of freshes, delivered
during low flow periodto provide refuge habitat, or delivered to manage water quality issues, such
as algal blooms or hypoxic blackwater events (Gawne et al,; 20a8s et al 2017a).

12
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2.2 Summary ofCommonwealth environmental watering dions 2010- 2017

Commonwealth environmental watering actions have occurred in the Ed\iakibol system since
2010 Table 2.1Figure 2.1)Between 2010 and 2016ommonwealth environmental watering
actionsdeliveredbase flows and freshes, contributéo the recessiorof flow eventsdelivered

water from irrigation canal escapes toeate local refuges during hypoxic blackwater eveaisl
contributed to flows in ephemeralatercoursegTable 2.1)Many of the watering actions in
ephemeral creekwere undertaken jointlyvith NSW OEHOne Commonwealth watering actian
200910 for Werai State Fore¢DEE2017) wasundertaken to deliver environmental water to
EdwardWakool forests (Table 2.I)o date ithas not been possible for the water managers to
deliver larger within channel freshes due to operational constraints within the system (currently
constrained to 600 ML/d at the confluence of the Wakool River and Yallakool Creek).

The201617 water yearwas the firsttime in which a watering actiowasundertaken to maintain
winter baseflows during the period when the regulators to some of the smaller streams are usually
shutdown in winter{Table 2.1)

In addition to watering actions specifically targdtfor the EdwardNVakool system, water from
upstream Commonwealth environmental watering acti@amsl actions that ar¢éargeted for
downstream watering actions trandihrough the EdwardVakool system in some yeafor
example, in 2018 6 environmental wagr returning from BarmakMillewa Forest influenced the
hydrograph in the Edwarakool system (Watts et.€2016).

Table 2.1Summary of Commonwealth environmental watering actions in the EdWéalool system from
July2010 toJune2017. More detailed information about environmental watering in the mtirray
catchment is available from theEWO websiteDepartment of the Environment and Energy 2017)

Type ofenvironmentalwatering action

In-channel flows Watering from irrigation Overbank
infrastructure flows
Water Base flows Contribute Maintenance Larger Flowsfrom canal Flows in Watering
Year and small to flow of winter within escapes during ephemeral Forests
freshes recession baseflows channel hypoxic watercourse$
freshes blackwater events

200910 v
201011 \% \"
201112 \"/ \"
201213 \"/ \% \"
201314 \"/ \"/ \"
201415 \"/ \"/ \"
201516 \Y, \Y \Y
201617 \"/ \"/ \% \% \"

1 Delivery of larger within channel freshiesthe Wakool River andallakool Creeis not possibleunder current
operational constraintsg.g.constrained to 600 ML/d at the confluence of the Wakool River and Yallakool Creek).
2Some of the watering actions in ephemeral creeks done jointly with NSW Office of Envircmmaeeritage
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Figure 2.1Daily discharge (MLl in Yallakool Creek (gauge 409020 Yallakool Creek @ Offtake)dafito

2017. There were periods afo flowsandseveral unregulated flows between 2010 &2@16.Commonwealth
environmental wateringctionsbetween 2010 and 201&re shown in green shadingith red arrows
indicatingperiods when environmental water was delivered from irrigation canal esacpes during hypoxic
blackwater eventsThere is an operational constraint of 600 Mtdbwnstream é the confluence of Yallakool
Creek and the upper Wakool River. Daily discharge data was obtained from NSW Office of Water website.

2.3Watering priorities for the Mid Murray in 2014.7

The Murrayg Lower Darling Environmental Watering Priorities Statet#16;17 (OEH 2016) states
that for the EdwareWakool system the priority in 20167 is to build on previous outcomes from the
use of environmental flows (particularly the maintenance e$tieam native aquatic vegetation and
habitat for native fish) anthe target timing was sprirgautumn. The Portfolio Management Plan:
Mid-Murray Region 20147 (CEWO 20168gts out the plans for managing within a myléar context
the Commonwealth environmental water portfolio in the Midurray Region for 20X@.7. It autlines
water delivery scenarios, carryover potential and trade options to optimise water use across water
years and to maximise environmental outcomes acrossMbBE Based on these strategies and plans,
and in response to best available knowledge drawing on the results of environmental watering
monitoring programmes, the outcomes being targeted by environmental watering in the Mid Murray
Region are summarised in Tald.2 The objectives and targeted outcomes for watiependent
ecosystems will continue to be revised as part ofth® 2 hcén@mitment to adaptivenanagement.

The Portfolio Management Plan: Midurray Region 20187 (CEWO 2016)nd in theWater Use
Minute 10054, the 20167 Commonwealth environmental water use in the Edwdrdkool system
wasexpected tocontribute to achieving the following expected outcomes:

1 maintain the diversity and condition of native fish and other native species including frogs and
invertebrates through maintaining suitable habitat and providing/supporting opportunities to
move, breed and recruit
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1 maintain habitat quality in ephemeral watercourses

=

support mobilisation, transport and dispersal of biotic and abiotic material gediment,
nutrients and organic matter) through longitudinal and lateral hydrological connectivity

support inundation of lowlying wetlands/floodplains habitats within the system
maintain health of riparian and inhannel aquatic native vegetation commues

maintain/improve water quality within the system, particularly dissolved oxygen, salinity and pH

=A =4 =4 =4

maintain ecosystem and population resilience through supporting ecological recovery and
maintaining aquatic habitat.

CEWO (2016) also states thatcbnsideration of the expected outcomes and outcomes achieved by
similar watering actionandertaken previously, it is expected that the following further improvements
to the targeted assetwiill occur:

9 improved capacity to maintain connectivity, both withhe EdwareWakool system and
between the EdwarilVakool and the wider Murray system. This will provide opportunities for
native fish to move and spawn.

9 improved capacity to maintain native vegetation condition (riparian archamnel), and
improved habiat condition to support frogs and other native fauna, including invertebrates.

9 improved capacity to maintain water quality and mitigation of poor water quality should a
hypoxic water event occur.

1 while return flows cannot currently be accounted for in N&wWironmental water delivered
through the EdwardwWakool system that returns to the River Murray will contribute to improved
capacity to maintain outcomes downstream.

During the planning phase in early 20h@& tCEWQ@vasconsidering supplyingnvironmental water
to the following actions for 2014 7:

EdwardWakool System 201867 (options 3ac 3cYfrom CEWO, 2016)

1 Permanent Waterways: The purpose of watering events would be to maintsiream habitat,
particularly aquatic vegetation and areaapporting the various life stages of native fish.
Environmental water use is most likely to contribute tahannel base flows and freshes. It may
also be used to provide a more gradual recession following periods of high flow (e.g. rain rejection
flows)and improve water quality to provide refuges for aquatic plants and animals if required and
where feasible to do so.

1 Ephemeral waterways and wetlands: The purpose of watering events would be to maintain
ephemeral irstream and wetland habitat, particularwater quality, aguatic vegetation and areas
supporting the various life stages of native frogs, birds and aquatic invertebrates.

1 EdwardWakool forests: The purpose of watering events would be to protect or maintain vegetation
health and to contribute tdydrological connectivity and nutrient/carbon cycling processes
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Table 22 Summary of outcomes being targeted by environmental watering in the Mid Murray Region (from CEWO 2016)

BASINWIDE EXPECTED OUTCOMES FOR MID MURRAY ASSETS
OUTCOMES
(Outcomes in red IN-CHANNEL ASSETS OFFCHANNEL ASSETS
link to the Basin River Murray from EdwardWakool Gunbower Creek| Barmah -Millewa Gunbower - EdwardWakool Forests| Central Murray
wide environmental | Hume Dam to Euston River System Forest Koondrook - (e.g. Werai, Neimur) off-channel
watering strategy, Perricoota Forest wetlands and
MDBA 2014) ephemeral
creeks
VEGETATION Maintain riparian and irchannel vegetation condition. Maintain the current extent of watedependent vegetation near river| Maintain and
Increase periods of growth for nemoody vegetation communities channels and on loMying areas of the floodplain. improve
that closelyfringe or occur within river channels. Improve condition of black box, river red gum and lignum shrublan{  condition of
Improve recruitment of treesvithin black box and river red gum wetland
communities. vegetation.
Increased periods of growth for nemoody vegetation communities
that closely fringe or occur within the creek channels, and those th
form extensive stands within wetlands and ldying floodplains
including moira grassland in Barma¥iillewa forests.
WATERBIRDS Provide habitat and food sources to support waterbird survival and recruitment, and maintain condition and current specsity di
Complete naturally triggered colonial bird breeding events. |
FISH Provide flows to suppottiabitat (including longitudinal Provide flows to suppottabitat and cues for increased movement, recruitment and
connectivity and bench inundation) and food sources and prom survival/condition of native fish (particularly for floodplain specialists).
increased movement/dispersal, recruitment and survival/condit
of native fish.
INVERTEBRATES Provide habitat to support increased microinvertebrate andcroinvertebrate survival, diversity, abundance and condition.
OTHER Provide habitat to support survival, maintain condition and provide recruitment opportunities for frogs and turtles.
VERTEBRATES
CONNECTIVITY Maintain lateral connectivity through corbuting to an increase in the frequency of freshes, bankfull and lowland floodplain flows.
Maintain baseflows and increase overall flows in the River Mur| Maintain connectivity through creeks and anabranches, thereby enhancing connecti
Maintain longitudinal connectivity along the River Murray to ful and functioning through the length of the River Murray.
important environmentafunctions, such as nutrient and sedime
transport, organism dispersal and water quality.
PROCESSES Increase primey productivity, nutrient and carbon cycling, biotic dispersal and movement.
Increase transport of organic matter, salt and nutrients downstream.
WATER QUALITY Maintain water quality and provide refuge habitat from adverse water quality eventskiackwater).
Increase mobilisation and export of salt from the River Murray system.
RESILIENCE Provide drought refuge habitat and maintenance/condition of native biota (e.g. fish and other aquatic fauna)

Information sourced from: MDBA (2014Departmentof the EnvironmentZ014);Department of the Environmenf011ad); MDBA (20124); DELWP (2015)
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2.4Commonwealth watering actions in Edwaid/akool River sgtem 201617

Changes tanitial 201617 watering plans

Widespread flooding in soutbastern Australia in 2016 resulted in a hypoxic (low dissolved oxygen,
DO) blackwater (high dissolved organic carbon) event affecting a large area of the sddD@&rim
response to this event the Commonwtaenvironmental wiering planto deliver base flows and
freshes to theEdwardWakoolsystem in spring 201%was no longer appropriatd hus the objectives
previouslyoutlined in Waer Use Minute 10054 were altered.

Environmental watering actionmplemented in 2014.7

Therewere eight environmental watering actions in the Edwavdkool system in 20167 (Table
2.3). Specific objectives for each action have been sourced from CEWO planning documents, from
the WUM for the hypoxic backwater flows and from updates and newspgalpeements

In September 2016 following high rainfall in the catchment and a large increase in discharge in the

system there was edénce that DO was low at many sites in the systemer& was concern that

prolonged low DO would result in death of agqudtiana, similato the eventin 2010(Watts et al.

2017a). Opportunities to create local refuge areas by releasirager with higher DO and lower DOC

FNRY ANNARIFGAZ2Y OFylfta @Al NBIdZ I GAY IWakodINHzO G dzNEB 2
system were consideredThe Murray Dissolved Oxygen Group, Edwaliakool Operations Advisory

Group, and the Edwariakool Environmental Water Reference Group met frequently by

teleconference during the event to share information, discuss options and plan natetions and

other activities to mitigate the negative impacts of the hypoxic blackwater. Landholders and the

broader communitywere regularly consulted with respect toatering decisions.

Between October and Decemb2016 Commonwealth environmental wating actions were
undertaken to create local refuge areas by releasing environmental flows from irrigatiafsca
escapesnto the EdwardWakool system (Table3). These watering actions were completed by the
end of December 201&Vatering actios 1, 2, 3 (Table 2.3) toroviderefuges fromhypoxic water
between October and December 20l@re evaluated in this 20167 EdwardWakool LTIM report

Watering actions 5 and 6 (Table 2a8@curredduring autumn to provide longerflow recession at

the endof the unregulated flow eventn addition, vatering action §Table 2.3wasimplementedin
Yallakool Creein late autumn and winteto create continuity irbaseflows during the time of year
that under normal river operations there would be a period of cease to flow, whereas at this time of
the year prior to river regulation there would have been continuity of flollsese watering actions
aimed toimprove links with dter parts of the river systenThe winter watering actions commenced
after the monitoring for fish larvae and fish recruitment had been completed for 201watering
year. Thus, the winter watering action was not able teebaluatedfor all of the indicdorsin this
report (see Table 3.3The winter watering action was not completed in the 2dI6watering year,
but continued into July/August 2017. Thus the wintexteringactionwill be only partly evaluated in
this 201617 report, but will be fully eMaated n the 201718 annual LTIM report.
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Table 2.3Watering actions in the Edwai/akoolsystem in 201@s described iplanning documents, from the Water Use Mintte the hypoxic backwater flows and from
updates and newspaper placemengstions 1, 23 (shaded in grey) werevaluated in this report. Some aspects of watering actbagad 6(shaded in greywere evaluated
However the winter watering actiorthat continued into July and August 20dill be fully evaluated in the 20118 annual report.

promotes the recovery of kstream aquatic vegetation in th
ColligenNiemur system (as observed in Yallakdédkool system

Autumn pulse and recession also to assist with movement of juvg
native fish To provide flows to nativeregetation that may occu
higher on the channel/bank.

Winter flows aim to:

w LINPGARS Y2NB NBFdzaS | NBl a
and avoid being eaten by bigger fish

w 1SSL) FRdzAE G FAAK IyR & (G4SNJ
arrives

w NBAyadlraS LINI 2F GKS Tt 263

(before dams) during wintespring
w AYLINRGS tAyla ¢
w FLftt2g Y2ald 27F G

1 events so thaflowsdo

rivers to dry.

how the shape of the
hydrograph and
variability it provides|
can be maintained intg
the lower Niemur.

To provide steady flow
rates during fishing

not impact adversely
on fishing conditions

Action | Water Use| Asset Primary Objectives Other Objectives Volume | Start Date | End Date
t Minute (ML)
1 WUM1005403 | Wakool To providerefuges fromhypoxic water for fish and other aquat| - 29,306.6| 31/10/2016 | 31/12/2016
River biota. 3
Escape flows for hypoxic water refugetta¢ Thule, Wakoahnd other
minor Wakool Escapes, withofvs of up to 40,500 and 45 ML/d
respectively
2 WUM1005404 | Edward To providerefuges fromhypoxic water for fish and other aquat| - 74,822.7] 24/10/2016 | 08/12/2016
River biota. Staged approachp to 2,400 ML/d from Edward Escape. FId
to decrease by 300ML/d from 2/12/2038&/12/2016 due to increase
in upstream DO.
3 WUM1005405 | Colligen To providerefuges fromhypoxic water for fish and other aquat| - 3,240.67| 17/10/2016 | 16/12/2016
Neimur biota
4 WUM1005406 | Colligen Prevent a rapid return to base flows following the hypoxic event.| To provide variahitly to 21,5421 01/01/2017 | 30/06/2017
Neimur Year 2 of 3 using CEW to determine if usingdongcessions to flowq flows and determine
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5 WUM1005407 | Wakool Prevent a rapid return to base flows following the hypoxic event. TB( 01/01/2017 | 30/06/2017
River To provide recessions to flows of a rate and duration that contriby (Accounted
to ongoing recovery of instream-stream aquatic vegetation. as
Yallakog
flows)
6 WUM1005408 | Yallakool | Prevent a rapid return to base flows following the hypoxic event.| To provide steady floy 30,351|01/01/2017 | 30/06/2017
Creek To provide recessions to flows of a rate and duration that contrib{ rates during the fiskmg
to ongoing recovery of instream-streamagquatic vegetation. events so that flows dq
Autumn pulse and recession also to assist with movement of juvd not impact adversely
native fish on fishing conditions.
To influence different changes in river rises that may contributy To determine ability to
silver perch spawning, deliver flows at &
To provide a number of peaks at a time when water temperatar| specific time and place
suitable for silver perch spawning. To determine how the
To determine if river level rises timed with periods of 23°C wq shape of the
temperature and no moon (dark night sky conditions) has | hydrograph can be
influence on silver perch spawning response. maintained into the
lower Wakool (Gee
Winter flows aim to: Gee Bridge to Stoney
w LINPGARS Y2NB NBTFTdzAS | NBI a 1 Crossig)
and avoid being eaten by bigger fish
w 1SSL) RdA G FAaK FYyR 61 G§SNI
arrives
w NI A y Hofithelfl@vs thdt Wdilld have occurred naturally
(before dams) during wintespring
w AYLINR@S fAyla 6A0GK 20KSNI LI
w Ffft2g Y2alh 2F GKS olyla Ay
rivers to dry.
7 WUM1005409 | Merran Promote fish movement and connectivity between the Murray § 1,107 | 16/02/2017 | 28/03/2017
Creek the lower-Wakool
8 WUM1005410 | Tuppal Improvement in the ecological condition of the creek with an incre| - 1,320| 30/03/2017 | 15/05/2017
Creek in canopy cover of stressed riparian vegetatioorovision of
connectivity between pools and the Edward River, and imprg
water quality.
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3. MONITORING AND EVALTU@N

3.1 Monitoring zones and sites

The monitoring of ecosystem responsesdommonwealthenvironmental watering ithe
EdwardWakool system in 20167 was undertakeriollowingthe Edwardwakool Longlerm
Intervention Monitoring and Evaddion Plan (Watts et al. 2014)heremodifications to the
monitoringdesignoccurreddue to the unregulatedlooding in the system in late 2016r for
anyother circumstancesheseare outlined in chapters 5 to 1andthe appendice®f this
report.

The majority of the monitoringn the EdwardWakool LTIM Selected Area is focussed on four
hydrological zones:aflakool Creek (zone 1), the upper Wakool River (zone 2) and mid reaches
of the Wakool Rivefzones 3 and 4Figure3.1, Table3.1). Zones one to four are referred as

the focal zoneThe reaches in zones 1 and 2 are generally more constrained, hapeste
riverbanks and fewer ishannel geomorphic features (e.g. benches) than many of the reaches
in zones 3 and @igure 3.2)

Additional siteghroughout the EdwarédWakool systenare monitoredfor fish movement
(Figure 3.3 Rshpopulationsare also surveyedt sitesthroughout the systenin years 1
(201415)and 5(201819)of the LTIM program, so will not likecludedin this2016:17 annual
report.

Inthis report wealsopresent data fromadditionalwater qualitymonitoringcommissioned by
CEWO to beindertakenin November and December 201G assess the mponses to the

delivery of Comranwealth environmental water through Muay Irrigation Limited canal

escaes. Stesfor this additional monitoringvere located in the Edward River upstreamd
downstream of the Edward River escape, in the Wakool River upstream and downstream of
the Wakool escape, in Thule Creek upstream and downstream of the Thule escape, and in the
Niemur River upstream and downstream of the Niemur Siphon (RF@ueto 3.7). Water

samples were also collected within the irrigation canal at all four of these irrigation escape
sites.
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Figure 3.1Location of monitoring sites for the Edwavdakool Selected Area for the Lofigrm Intervation Monitoring (LTIM) ProjecZones one to four are referred to
as the focal zone for the Edwa¥lakool project. Hydrological gauges are located in Yallakool Creek just upstream of site 01_01 (gauge 409020, Yallakaufft@kegk
Wakool River zon2 just upstream of site 02_01 (gauge 409019, Wakool River offtake), and in the Wakool River zone 4 at site 04_01 (g&yd¥ataadRiver at
WakootBarham Road). The Wakool escape is located close to site 21_01. Site names are listed in.Table 3.1
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Tale 3.1.List of site codes and site names for sites monitored for the Long term Intervention
Monitoring Project in the EdwariVakool Selected Area.

Zone Name Zone Site Code Site Name

Yallakool Creek 01 EDWKO1 01 Yallakool/Back Ck Junction
YallakooCreek 01 EDWKO01 02 Hopwood

Yallakool Creek 01 EDWKO01 03 Cumnock

Yallakool Creek 01 EDWKO01 04 Cumnock Park
Yallakool Creek 01 EDWKO01 05 Mascott

Yallakool Creek 01 EDWKO01 06 Widgee, Yallakool Ck
Yallakool Creek 01 EDWKO01 07 Windra Vale

Upper WakooRiver 02 EDWKO02_01 Fallonville

Upper Wakool River 02 EDWKO02_02 Yaloke

Upper Wakool River 02 EDWKO02_03 Carmathon Reserve
Upper Wakool River 02 EDWK02_04 Emu Park

Upper Wakool River 02 EDWKO02_05 Homeleigh

Upper Wakool River 02 EDWKO02_06 Widgee, WakooRiverl
Upper Wakool River 02 EDWKO02_07 Widgee, Wakool River2
Mid Wakool River (upstream Thule Creek) 03 EDWKO03_01 Talkook

Mid Wakool River (upstream Thule Creek) 03 EDWKO03_02 Traleel

Mid Wakool River (upstream Thule Creek) 03 EDWKO03 03 Tralee2

Mid Wakool River (upstream Thule Creek) 03 EDWKO03_04 Rail Bridge DS

Mid Wakool River (upstream Thule Creek) 03 EDWKO03_05 Cummins

Mid Wakool River (upstream Thule Creek) 03 EDWK03 06 Ramleyl

Mid Wakool River (upstream Thule Creek) 03 EDWKO03 07 Ramley2

Mid Wakool River (upstream Thule Creek) 03 EDWKO03_08 Yancoola

Mid Wakool River (upstream Thule Creek) 03 EDWKO03_09 Llanos Parkl

Mid Wakool River (upstream Thule Creek) 03 EDWKO03_10 Llanos Park2

Mid Wakool River (downstream Thule Creek) 04 EDWKO04_01 BarhamBridge

Mid Wakool River (downstream Thule Creek) 04 EDWKO04_02 Possum Reserve

Mid Wakool River (downstream Thule Creek) 04 EDWKO04_03 Whymoul National Park
Mid Wakool River (downstream Thule Creek) 04 EDWKO04_04 Yarranvale

Mid Wakool River (downstreaifhule Creek) 04 EDWKO04_05 Noorongl

Mid Wakool River (downstream Thule Creek) 04 EDWKO04 06 Noorong2

Mid Wakool River (downstream Barbers Creek) 05 EDWKO05 01 LaRosa

Mid Wakool River (downstream Barbers Creek) 05 EDWKO5 02 Gee Gee Bridge

Mid Wakool Rivef(downstream Barbers Creek) 05 EDWKO5 03 Glenbar

Lower Wakool River 06 EDWKO06_01 Stoney Creek Crossing
Colligen Creek 08 EDWKO08 01 Calimo

Colligen Creek 08 EDWKO08 02 Werrai Station

Upper Neimur River 09 EDWK09 01 Burswood Park

Upper Neimur River 09 EDWKO09 02 Ventura

Lower Niemur River 10 EDWK10 01 Niemur Valley

Edward River (downstream Stephens Weir) 11 EDWK11 01 Elimdale

Mid Edward River 13 EDWK13 01 Balpool

Mid Edward River 13 EDWK13 02 Moulamien US BillabongkC
Lower Edward River 14 EDWK14 01 Moulamien DS BillabongkC
Lower Edward River 14 EDWK14 02 Kyalite State Forest
Little Merran Creek 15 EDWK15 01 Merran Downs

Merran Creek 16 EDWK16 01 Erinundra

Merran Creek 16 EDWK16_02 Merran Creek Bridge
Edward River, Stevens weir 20 EDWK20 01 Weirl

Edward River, Stevens weir 20 EDWK20_02 Weir2

Mulwala canal 21 EDWK21 01 Canall

Mulwala canal 21 EDWK21 02 Canal2
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Prior to flood (1 Aug2016) Recession of flootNov 2016 May 2016
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Figure 3.2Photos of study sites in the four hydrological zomethe EdwareWakool systenin 201617. Yallakool Creek
(zone 1), Wakool River (zone 2) Wakool River upstream of Thule @ogek3) and Wakool River downstream of Thule
Creek (zone 4)Photos Sascha Hegly
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Figure 3.3 ocation d acoustic telemetry receiversoored in the EdwardVakool system to determine movements of acoustically tagged golden perth an
silver perchGreen dotdndicate the finescale acoustic receiver array of ~6 km receiver spacitigeifocal study zonesAn additional 20 receivers (red
dots)funded by Murray Local Land Servigesre placed akey entry/exit points and major junahs within the wider EdwarilVakool system to monitor

any potential emigration out of the system.
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Figure3.4 Map of the EdwareVakool system showing location of Murray irrigation Limited canal escapes used to deliver environmatatah 2016 Monitoring was

undertaken at the Edward escape, Wakool escape, Thule escape and Niemur SyphonAgseaple of these escapes samples were collected from the river upstream and
downstream of the escape, and from within the canal itself.
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Figure 3.5Turbid oxyenate water released from the Wakool escape from Mulwala canal mixing with
hypoxic black water in the WakooiM@r (Fhotos: left Robyn Watts, rigfEEWQ

Figure 3.6Turbid oxygenated water released from the Edward Escape (right) mixing with hypoxic black
water in the Edward RivéPhoto: CEWQ®
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Figure 3. 7Commonwealth environmental water bing reeased from the Thule Escape from the Deniboota
Canal Photo: Robyn Was)
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3.2 Indicators

The rationale regarding the selection of indicators is outlined in the EdW&kbol Long Term
Intervention Monitoring and Evaluation Plan (Watts et al. 2014). Indicators were monitored to
contribute to the EdwardWakool Selected Area &wuation and/or the Whole of Basin scale
evaluation that is undertaken by the Murrddarling Freshwater Research Centre (Hale et al.
2014). Some indicators are expected to respond to environmental watering in short time
frames (< 1 year), but others (efgsh communityassemblaggare expected to respond over a

2 to 5 year time frame. A summary of monitoring undertakendf©3216 is presented in Table
3.2

There are three categories of monitoring indicators in the LTIM Project:
9 Category kMandatory indicéors andstandard operating protocolshat are required
to inform Basirscale evaluation and may be used to answer Selected Area questions.
Category 1 indicators monitored in the Edwahthkool system (Table 3.2) are: river
hydrology, streammetabolism, nutients and carbon, fish reproduction (larvae) and
fish (river).

1 Category ZOptional indicators with mandatorstandard protocolshat may be used
to inform Basinscale evaluation and may be used to answer Selected Area questions.
Fish movemen(years 2 to 4js the only category 2 indicator monitored in the Edward
Wakool system.

9 Category 3; Selected Area specific monitoring protocols to answer Selected Area
guestions.Category 3 indicators monitored in the Edwakthkool system (Table 3.2)
are:riverbank inundation by 2bydraulic modelling (undertaken in year 1), additional
water quality and carbon characterisation, riverbank and aquatic vegetation, fish
reproduction (larvae), fish recruitment, and fish community survey (years 1 and 5).

3.30verview of monitoring undertaken in 20167

The monitoring undertaken in 20167 is summarized in Table 3.3. The ongoing monitoring of
for river hydrology, stream metabolism, water quality, riverbank and aquatic vegetation, fish
reproduction was undertakeusing the same methods as in 201@ (Watts et al. 2015, 2016).

Additional monitoring of dissolved organic carbon and nutrients was undertaken weekly over a
sevenweek periodin November and December 20dlG6ringthe delivery of Commonwealth
environmentl water from Murray irrigation Limited canal escapes

The fish community survey for the Edwanhbkool Selected Area was not undertaken in 2016
17 as this indicator is monitored only in year 1 (205} and year 5 (20189) of the LTIM
project. Fish commnity surveys are undertaken in zone 3 each yeathe basinscale
evaluationand these will be summarised here but fully reported in a basade evaluation
undertaken each year by the Murrddarling Freshwater Research Centre.
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Table 3.2Summary ofndicators to be monitoredn the EdwareWakool system for the Long Term
Intervention Maitoring Project from 2012019

Indicator Method Zone Edward Contribute | Description
Wakool to whole
Selected | of basin
Area scale
Evaluation | evaluation
River hydrology |Cat 1 1,234 \Y, V (zone 3) | Discharge data will be obtained from
NOW websiteWater depth monitored
using depth loggers and staff gauges
Hydraulic Cat 3 1,2,3,4 Y The extent of within channel
modelling inundation of geomorphiéeatures will
be modelledfor a range of different
discharges
Stream Catl 1,234 \% V (zone 3) | Dissolved oxygen and light will be
metabolism and logged continuously in each zone
instream between August andprileach year
primary
productivity
Nutrients and |Cat 1 1,2,3,4 \Y V (zone 3) | Nutrients and carbon samples will be
carbon collected monthly and spot water
guality monitored fortnightly.
Characterisation| Cat 3 1,234 Vv The type and source dlissolved
of carbon organiccarbon will be monitored
monthly between August andpril.
Water quality |Cat3 1,2,3,4 \% There is an option for additionalater
and carbon plus quality and carborsampling during
during poor additional blackwateror other poor water quality
water quality ZOnes as events
required
events
Riverbank and |Cat3 1,2,3,4 \% The composition and percent cover o
aquatic riverbank and aquatic vegetation will
vegetation be monitored monthly.
Fish Cat1basin| 1,234 \% V (zone 3) | The abundance and diversity of larva
reproduction | evaluation fish will be monitored fortnightly
(larvae) Cat 3 area between September and March using
evaluation light traps and drift nets.
Fish Cat3 1,2,3.4 Vv Youngof-year fish will becollectedby
recruitment backpack electrofishing and set lines
in February and March to develop
growth and recruitmentindices for
youngof-year and ageslass IMurray
cod, silver perch and golden perch
Fish community | Cat 1 for 3 (plus 15 Vv V (zone 3) | Cat 1 fish community surveys will be
assemblage basin additional undertaken once annually in zone 3
evaluation | sites in yeal between March and May. An
Cat3for | 1and3) additional 15 sites throghout the
selected . .
area syst_em will be surveyed in years 1 an
evaluation 5 using Cat 3 methods tq report on
years 1& 5 longterm change in the fish
community.
Fish movement | Cat 2 1,2,3,4(plus \% Movement of golden perch and silver
additional perch will bemonitored commencing
sitesfunded in spring 2015
by Murray
LLS)
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Table3.3 Schedule of monitoring activitidor EdwarédWakool Longrerm Intervention Monitoring
projectfor 201617 (grey shading)The three categories of indicators are described in section 3.2

Murray LLS)

Indicator Cat | Zones Schedule of activities
J|/A[S|O|[N|D JJ[F[M/A[M]J

River hydrology 1 1,2,3,4 Continuous data from automated gauging stations

Hydraulic modelling 3 1,2,3,4 Modelling undertaken in 20345

Stream metabolism and 1 1,234 Continuous data from loggers

instream primary

productivity

Nutrients and carbon | 1 1,2,3,4 Monthly sampling

Carboncharacterisation | 3 1,234 Monthly sampling

Additional water quality| 3 4 escapes Weekly

and carbon sampling

characterisation

associated with e

watering from irrigation

escapes during hypoxic

blackwater event

Riverbank and aquatic | 3 1,234 Monthly monitoring(some missing data during floog

vegetation

Fish reproduction 1 3 Fortnightly

(larvae) sampling

Fish reproduction 3 1,234 Fortnightly sampling

(larvae) (some missing data during flooq

Fish recruitment 3 1,2,34

Fish(river) 1 |3 ‘

Fish community survey| 3 20 sites Undertakenin 201415 and 20189 only

Fish movement 2 11,2,3,4(plus Continuous data from acoustic receivers
additional siteg
funded by

3.4 Evaluationof outcomes

Evaluations of the outcomes of Commonwealth environtaéwatering undertaken in 20167
were undertaken for the following indicators:

1 Hydrology $ection 4

=A =4 =4 =4 4 4 =

Water quality and carbon (Section Appendix A
Stream metabolism (Section Appendix B

Aquaticand rivebank vegetation (Section Appendix ¢
Fish movement (Section Bppendix

Fish reproduction (Section 8ppendix D

Fish recruitmet(Section 10Appendix

Fish ommunity data for basirscale evaluation (séion 11, Appendix D)
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4. HYDROLOGICARAUTCOMESFCOMMONWEALTH
ENVIRONMENTAL WATBERLIVERED R016-17

4.1 Monitoring

Daily discharge datbor automated hydrometric gauges were obtained freine New South

Wales Office of Water websitBaily discharge datfor the Wakool escapeNiemurEscape

and Thule escapand daily usage of Commonwealth environmentaitgr were obtained from
WaterNSWThe hydrograph for Yallakool Cregkne J is based on daily discharge data from
gauge 409020 Yallakool Creek @ Offtake. The hydrograph for the WRikepkzone 2 is based
on discharge datérom gauge 409019 Wakool Rivdftake regulator added to the discharge
data from the Wakool escape. The daily discharge data for Wakool River zone 3 was estimated
by combining daily discharge data from Yallakoek&regulator, the Wakool offtake and the
Wakool escape with an adjustmedtiring regulated flows$o account for travel time (4 days)

and estimated 20% loss€g. Kelly, WaterNSW pers. comimetween theofftakesand the
confluence of Yallakool Creek aretWakool River. The daily discharge data for Wakool River
zone 4 were obtained from gauge 409045 Wakool Riv&akoolBarham Road.

Depth bggers were installed ahonitoring siteso monitor water levelsand values for depth
were calculated by calibrath with an atmospheric barometrjgressure logger located at zone
2 site 4.The depth (m) at bankful at each site wasletermined from cross section surveys.

In November and December 200®mmonwealth environmental water was released fram
number ofescapes from the Murrayrlgation Limited canal networ{see chapter 2). The
contribution of Commonweath environmental water to the total discharge downstreatheof
Edward, Wakool, Thule and Niemur escapes estimated by calculating the percent
contribution of the environmental water to the total discharge.

4.2 kndings
2016 unregulated flood event

At the beginning ofhe 2016-17 water year on 1 July 2016e regulators on the Wakool River
and Yallakool Creek were closed for the operational shutdown over wiRémordbreaking
rainfall in parts of the catchment iduly andAugust resulted in an extended period of
overbank flows inundating the floodplaimdluding agricultural land and forests (Figure 4.1).

Flows from the Murray River inundated Koondree&rricoota(KP)Forestin early August

2016 The mid and lower reaches of the Wakool River (including zone 4 of LTIM study area)
received return flows frm KPForest via Thule Creek and Barbers Creek in late August to early
SeptemberWatts et al. 2017Q)prior to the floodwaters travelling via the Edward Rised
through the Wakool and Yallakool regulatarrsiving in this part of the Wakool River (Figure

4.2, 4.3). By mid to late August the flood had extended throughout the system, with flood
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water entering the Wakool River and Yallakool Creek via the Edward Rneeflow peak in
the midWakool River (zone 4) was substantially larger tiiat in zonesl, 2 and JFigure
4.2)because this reach received fldmom Wakool River and Yallakool Creek regulassrsvell
as flow throughKPForest via Thule Creek and Barbers C(&e¢#tts et al. 2017b)

Therivers inthe EdwardWakool system in 20167 were dominatedy theseunregulated

flows betweenAugustand early Decembe2016(Figure 4.2 Thesmallunregulated flow in

mid- to late August 2016 peaked at 1,149 ML/d at the Yallakool Creek offtake, 942 ML/d at the
Wakool offtake, and 1,514 ML/d in the Wakool River at zone 4 before rec@eimge 4.2

Thedaily dischargeluring this eventvastwo to three times largethan dischargesecorded in

the previous two yeardn mid-September2016there was a rapid increase in discharge

resulting in averylargeflood pulse. The discharge at the peak of this event was larger than any
of the flood eventssince2000 (Figure 2.1While theflow pulse in Augus?0l1l6remained

within the channelndinundated some low lying geomorphic features, theent in
September/October resulted in overbla flows (Figure 4)1The flowsremainedoverbank for

at least one monthat somesites(Figure 4.3)This is in contrast tthe regulated fowsthat

have occurredn the EdwardWakoolsystemsince January 201#igure 2.1).

: 4 v/
Figure 4.1Edward River at Memorial Park, Deniliquin showing stained tree trunks, indicating the exten
to which floodwaters extended over the bank (Photo: Julia Howitt)

Environmental watering from irrigation canal escapes during hypoxic blackwater event

The volumeof Commonwealth environmental water delivered to the Edw#ekool system

in 201617 wassmall in comparison to the unregulated floiat dominatesthe hydrograph

from 2014 to 2017Kigure 4.2). However, when examined in more detail it is evident that the
Commonwealth environmental water delivered from the Edward escape and Wakool Escape in
November and December 2016 (watering actions 1 and 2 in Table 2.3) influenced the shape of
the recession of the hydrograph at sites in zones 13 and 4 downstream of the escapes,
creating a period of approximately one month of relatively stable watezllduring late

November and December at the end of the flood recession (Figure 4.3).

It is notable that during this unregulated event, the water level in zone 2 site 4 in the upper
Wakool River was over bankfull arnear bankfull level from mi&eptembemntil the end of
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December 2016. In contrast, in the other three zones the water was overbank during October
and early November, and was well below bankfull during the Commonwealth environmental
watering action from the irrigation escapes. This differeiscgue to channel shape, as the

lower reaches of zone 2 has different geomorphology to other zones, with less steep banks
and more connection with the floodplain.

10000
so0o | Yallakool Creek
8000
7000 -
6000 -
5000
4000 -
3000
2000
1000

0 [T e, e

T T [ T T T — T T T T T T T T T

W W 5 S I I &
,\\\@\ "’\\6\'\6"\\@\ '\\\@\’\?’\\6\'\6”\\%"\ \@\ \'\\Q\'\\@\\é’\

Discharge (ML.d™!)

QS QP “3 QP
10000 -
s000 | Wakool R zone 2
8000
-
S 7000
2 6000
& 5000 |
£ 4000 -
.g 3000 |
2000 -
1000 |
0 e A e e

,\\'\ & '\\N \’\\’ \'\. \'& ,\\'\ & '»\’\ \’\'\, \’» \'\ ,\\’\- @ N\ \‘\- &\\ %\'\r

NN G ~,\ ~,\°’~,\° NN m,\»\"«,\Q NI SN
10000 -
so00 | Wakool R zone 3
— 8000 |
"5 7000 -
E 6000
g 5000 -
& 4000 -
g 3000
2 2000
1000 -
or’.‘.“’ﬁ‘“‘\‘f” “"“J\..
ST PP S
OISR SO SR S RS S SAR ISR SR SR S s
25000 -
Wakool R zone 4
=~ 20000 -
=
= 15000 -
g,
5 10000 |
£
S 5000 -
0

%
~&§A~S§§~S<;?‘d¢§§§’:;b N&sﬁxrébkxgsy ‘:&fo Q:&§X’<§S:xy NSS’ fgx»
Date
Figure 42 Hydrographs of zones 1 Yallakool Creek, and zones 2, 3 and 4 in the WakombRiNieduly
2014 to 30 June 2017The portion of the hydrographs coloured black is attributed to the delivery of

Commorwealth Environmental WateNote that the y axis for zone 4 ranges up to 25,000 ML.d
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a) Yallakool Creek (zone 1 site 5)

bankfull

<4—— No data —»

b) Wakool River us Yallakool Creek (zone 2 site4)

bankfull

c) Wakool River us Thule Creek (zone 3 site 5)

bankfull

Water height above thalweg (m)

d) Wakool River ds Thule Creek (zone 4 site 5)

Aug Sep Oct MNov Dec Jan Feb Mar Apr May Jun
2016-17

Figure 43 Water height above thlweg at the most downstream site in each of the four LTIM monitoring
zones in the EdwartlVakool systemThe area of the hydrograph indicated by blue shading is an
estimate of the period when Commonwealth environmental water released from the Edward escape
and Wakool Escape influenced the hydrographs at these sites.
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The percentontribution of Commonwealth environmental water in river reaches downstream
of irrigation escapes varied considerably over tiffiee release of Commonwealth
environmental water fronthe Mulwala Canal into the Edward River commenced on ti{ea26
October, but until the 8 November theenvironmental wateicomprised less than 3% of the
total flow and remained below 10% until . November(Figure 4.4)However,in early
Novemberthe discharge in th&edward Rer was receding, so by 1®Sovember the
environmental watercontributed approximately 20% of the total discharge downstream of the
Edward Escape (Figure 4r#jng to over 40% of the total flow by @ Rlovember

The release oénvironmental watefrom the Wakool escape commenced orf'@lctober and

for a week contributed less than 10% of the total discharge in that system. As the discharge in
the Wakool River receded thenvironmental wateicontributed up to 75% of the total

discharge (Figure 4.5).
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Figure 44 Discharge in the Edward River at Deniliquin (ML/d) and from the Edward Escape from
Mulwala canafrom 26 Oct to 10 December 2016he percentage that Commonwealth environmental
water contributed to the total discharggownstream of the escapis shown There were no data for
the Deniliquin gauge from 18th November to the end of the watering action.
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Figure 45 Discharge from the Wakool Offtaki®IL/d) and from the Wakool Escape from Mulwala canal
from 31 Oct to 31 December 201Bhe percentage that Commonwealth environmental water
contributed to the total discharge downstream of the escape is shown.
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Similar to the Viikool escape, the release of Commonwealth environmental waben the
Thule escap to Thule Creek contributed less than 10% of the total discharge in that system for
a short period, but later contributed up to 56% of the total discharge (Figure 4.6).

In contrast, the Commonwealth environmental watdelivered from the Niemur escape
cortributed less than 7 % of the total flow in the Nienfiver for the duration of thevatering
action (Figure 4.7).
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Figure 46 Discharge (ML/d) ahe Lower Thule Road gauge on Thule Creek and from the Thule Escape
from Deniboota Candtom 31 Oct to 2December 2016The percentage that Commonwealth
environmental water contributed to the total discharge downstream of the escape is shown.
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Figure 47 Discharge (Ml/d) in the Niemur River at the NierMioulamein Road gauge and from the
Niemur Escape from the canfigom 14 November to 20 December 2016he percentage that
Commonwealth environmental water contributed to the total discharge downstreatheg&scape is
shown.
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Wateringactions to provide recession flows ¢mming into wateringn Yallakool Creek
during late autumn andvinter 2017

Watering action 6 in Yallakool Creek (Table 2.3) was intended to create contivaseffows
duringlate autumn andwvinter. Winter flows were also provided into the Colligen Creek
Niemur River system. lang standingapproach toriver operationsvould usually see these
systems cease to flow (i.shut down over winter The objective of creating continus flows
was achievedh Yallakool Creek and alsositudyzones 3and 4 (Figure 4.8s well as
throughoutthe mid and lower Wakool Rivers, including gauges at Gee Gee Bridge, Stoney
CrossingThe aquatic vegetation response in the Colligen systeminglmeonitored under a
separate project funded by Murray Local Land Senaoeksis not reported here

In contrast, flows to the upper Wakool River (zone 2) ceased on 22 May @diire 4.8and
recommenced on 3 August 20Xr@sulting ina shutdown perioaf 73 daysn the upper

Wakool RiverThe provision of winter flowmto the upper Wakool would have required

Stevens Weir pool to be kept at a highevel during winter Maintaining a higher weir pool

may have limited the ability for a period of some bank drying to occur in the wetlands adjacent
to, and influenced by, Stevens Weir. The need for a period of bank drying in these wetlands
was an outcome sought by the CEW@ anembers of the Edward Wakool Environmental

Water Reference Group in planning the trial win2&17flows.
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Figure 48 Hydrographs of zones 1 Yallakool Creek, and zones 2, 3 and 4 in the Wakofolr Riner
period from 1 November 2016 to 30 June 204ffowing delivery of Commonwealth environmental
water on the recession of the unregulated flow event in2016 and into 20té&.portion of the
hydrographs coloured black is attributed to the delivery of Commonwesaldthironmentalwater
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4.3 Evaluation

Table 42 Summaryof Commonwealth environmental watering on hydrology and connectiiNfyA = Not applicable to this watering action

CEWO Water Planning and delivery

Monitoring and Evaluation questions and outcomes

Flow component type and
target/planned
magnitude, duration,
timing and/or inundation
extent (CEWO 2016)

Expected outcomes of
watering action (From
Water Use Minutel0054
03, 1005404 1005405,
1005407, 1005408

LTIM Question

Observed outcomes

What information
was the evaluation
based on?

Were appropriate
flows provided to
achieve the
expected
outcome?

CEW delivered from
irrigations escapes

To provide hypoxic water refugs
for fish and other aquatic biota
(WUM 1005403, 1005404
1005405).

Whatis the effect of Commonwealth
environmental vater on the hydrology
of the four zones in the Edward
Wakool system that were monitored
for the LTIMproject?

The CEW delivered from the can

escapes created a period of
approximately one month of
relatively $able water level at the
end of the flood recession

Calculation of prcent
contribution of CEW to
total discharge at each
escape

What didCommonwealth
environmental vater contribute to
longitudinalhydrological connectivity

The CEW delivered from the can

escapes contributed to
longitudinal connectivity

What didCommonwealth
environmental vater contribute to the
in-channel wetted benthic area?

N/A

What did Commonwealth
environmental water contribute to th
area of slackwater, slow flowing wat
and fast water?

N/A

What did Commonwealth
environmental water contribute to
lateral connectivity

N/A

The CEW delivered
from the Edward,
Wakool and Thule
escapes provded
refuge, providing of
50% of the total
discharge for periods
of time during the
hypoxic blackwater
event The CEW
delivered from the
Niemur escape had
minimal effect on
total discharge

Late autumn/winter
watering actions

To create recession flows at th
end of the unregulated flows
To reinstate part of the
continuous flows that would
have occurred prior to rivel
regulation during winteispring.
To improve links with othei
parts of the river system (WUN

1005407, 1005408)

Whatis the effect of Commonwealth
environmental vater on the
hydrology of the four zones in the
EdwardWakool system that were
monitored for the LTIM project?

In Yallakool Creethé CEW

maintained continuous discharge
throughout autumn and winter in

Yallakool Creek and in the
Wakool River from the
confluence with #llakool Creek
right through to Stoney Crossing
and Kyalite.

Discharge agauging
stations and depth
logger data

Yes, the flows
provided maintained
continuous discharge
in the target reaches.
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5. SUMMARY OF WTER QUALITY AND G&R
RESPONSES GOMMONWEALTH ENVIROEMTAL
WATIRING

5.1 Monitoring

Water quality parameters were assessed by a combination of continuous logging (temperature
and dissolved oxygen) supplemented with spot measurements and collection of water samples
(monthly)at two sites within each zone, and from Stevens Weir on the Edi®Rarer and the
Mulwala Canal for laboratory measurement of: dissolved organic caiR@C) nutrients and
absorbance and fluorescence spectroscopy for organic matter characterisadditional

weekly monitoring was undertaken at additional site®©ctdoer and Decembeduringa
hypoxicblackwaterevent that extended throughout southeMDB, to asgss the impact of
Commonwealth environmental ater releases from irrigation escapes to create local refuges.

5.2 Main findings
Response t€016 unregulatediood

Water quality in the Edward Wakool system during the 20I&eason was largely driven by
the impacts of the extensive unregulated overbank flooding amdssociated hypoxic
blackwater eventDissolved organic carbon concentrations responded to timersmall pulse

in August and the large flood eviethat occurred lateSeptember through to Deenber 2016.
Water samples from theEdward River at Stephefigeir in Augus016 hadslightly elevated

DOC compared to both the canal asamples from Stevens Weluring the multisite

watering in 2015 (Figure 5.1). Thevasa slight drop in Septemb@016 consistent with the

fall in the hydrograph. This wasso seenri Zone 1 and 2 but the effect wast observed in

Zone 3 and 4lthough carbon characterisan results indicate that floodplain carbon did move
though the full length of the system over this periddhe large flood peaik September and
October 2016nundated extensive areas of floodplain (including forested areas, cropping and
grazing land andrban areas) and introduced considerable quantities of DOC into the river
system, resulting in concentrations well above those measured during the algal bloom in Feb
May 2016(Hgure 5.1) but comparable to those observed during the 201M®lackwater event
that occurred following thenillennium drought (Watts et al. 20&y and also tahe majority of
samplescollectedduring the March 2012 event (Watts et 2013) DOC rose rapidly with the
increasing hydrograph and peak concentrations wei@rdedin late October Concentrations
weregenerally higher at sites further downstream as the water continued to collect DOC as it
moved through the floodplain. DGfncentrations returned toéhe normal range at all but the
most downstream sites by 21/11/2016 althdughe hydrograph was still falling at this point

and the DOC continued to slowly decrease through the remainder of the sampling period.
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Figure 5.1Dissolved organic carbon during the 266 sampling period, with the previous two years
results presented for comparison.

In response to the combination of high DOC concentrations and warming water temperatures,
high rates of microbial respiration led tleclines irdissolved oxygen concentratiobgginning

in late SeptemberConcentrationgell below 4mg/L at the beginning of October and then

rapidly declined to below 2 mg/L by mid October (Figure 5.2). Downstream sites experienced
longer periods of poxia than upstream sites. Considerable nutrient inputs (both N and P)
were observed during the flood event, with bioavailable N at higher concentrations at the
beginning and end of the flood event, but very high bioavailable P concentrations recorded
during the peak of the flooding (Figure 5.3).
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Figure 5.2Dissolved oxygen concentrations at LTIM study sites showing extended hypoxia from mid
October to NovembebDecember.
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Figure 5.Filterable Reactive Phosphor(lERProncentrations over the 3 LTIMmaling seasons.

Response to environmental watering actions from irrigation canal escapes

Environmental water was used to crealigcaloxygen refuges via release of water with higher
DO and lower DOC from the irrigation canal system into the river systernhé falling
hydrograph). Four sites were monitored weekly: thisvard River Escape, the WakostEpe,
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Thule Creek and the Niemur River. The primary goal was to create localised refuges at the
point of release, before full mixing tie water bodies hadccurred. @Dwnstream sites were

also monitored to observevhetherlarger scale impacts occurred where volumes of canal

water were sufficient to cause a dilution effect. DO results for the Wakool escape are shown in
Figure 5.4. The refuge zone where camater has not fully mixed with river water can be seen

in the high turbidity region in Figure 5.5. Downstream dilution effects were seen in the
Edward and Wakool Rivers when CEW made up more than 10% of the flow, bsinaifily
localised refugia could bereated in the Thule and Niemur systems.

1001 DO (mgiL}
N '/”.“\k_/\

Ty

31-Cct O7-Mow 14-Mow 21-Mow 2B-Nov 05-Dec 12-Dec
upstream of escape —# canal % downstream of escape

Figure 5.4Dissolved oxygeunpstream and downstream of the Wakool escape and in the Mulwala canal
between 31 October and 12 December 20D6tted grey line indicates the percent contribution of
environmental water to total discharge downstream of the escape.

FigUre 5.io€aiised refuge in the Wakool River created by release of water from the Mulwala Canal
(Phota Damian McRae, CEWO

Responsdo recession flows anldte autumr/winter watering actionin Yallakool Creek

Water quality parameter§DO, N and P concentratiom®mained in an acceptable range
throughout the JanuamMay sampling perioduringthe autumnwinter watering action and
environmental water may have supported DO concentrations in Zone 2 through later summer
and earlyautumn, where very low flows would have occurred in the absence of CEW.
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5.3 Evaluation

Table 5.1ummary of monitoring and evaluation questions for water quality parameters duhiegvater actions from irrigation canal escap&setailed findingsre

presented in Appendix A.

CEWO Water Planning and delivery

Monitoring and Evaluation questions andutcomes

Flow component type and
target/planned
magnitude, duration,
timing and/or inundation
extent (CEWO 2016)

Expected outcomes of
watering action (From
Water Use Minute
10038 and/or CEWO
Acquittal report)

LTIM Question

Observed outcomes

What information was
the evaluation based
on?

Were appropriate
flows provided to
achieve the expected
outcome?

CEW delivered from
irrigation escapes

To provide hypoxic water
refuge for fish and other
aquatic biota (WUM
1005403, 1005404
1005405).

What didCommonwealth
environmental water contribute tq
temperature regimes?

NA

Gaps in the logger data
make this difficult to
assess, but this was no|
an expected outcome ¢
the flows

What did Commonwealth
environmental water contribute tq
dissolved oxygen concentrations

Some dilution effects
(increased DGJownstream
of Edward and Wakool
Escapesluring escape flows

Spot measurements and
field observations

What did Commonwealth
environmental water contribute tq
nutrient concentrations?

Some small dilution effects
observed.

Water samples

What did Commonwealth
environmental water contribute t
modification of the type and
amount of dissolved organic
matter through reconnection with
previously dry or disconnected
channel habitat?

NA- this was not a target of
theseflows

What did Commonwealth
environmental water contribute t
reducing the impact of blackwate
in the system?

Creation of local refuges wit
improved water quality in the
immediate vicinity of the

escapes. Small downstream

improvements at some sites

Water samples, spot
measurements,
observations

Local refuges were
achieved, with
greater extent
around the Wakool
and Edward Espes
where larger volume
releases were
possible. Greater
impact would be
achieved by starting
releases earlier in
future blackwater
events, where
possible.

43



Watts, R.J. et al. (200)7Commonwealth Environmental Water Office Long Term Intervention Monitoring Project: Edwdattool River SystenSelected Ared&valuation

Report, 206-17.

Late autumn/winter
watering actions

To create recession flows
at the end of the
unregulated flows. To
reinstate part of the

What did Commonwealth
environmental water contribute t
temperature regimes?

NA- this was not a target of
these flows

continuous flows that
would have occurred prion
to river regulation during
winter-spring. To improve
links with other parts of
the river system (WUM

What didCommonwealth
environmental water contribute t
dissolved oxygen concentrations

CEW may have assisted wit
maintenance of DO in Zone
where flow would have
otherwise beerextremely
low.

Water samples, spot
measurements,
observations

1005407, 1005408)

What didCommonwealth
environmental water contribute t
nutrient concentrations?

NA:- this was not a target of
these flows

What did Commonwealth
environmental water contribute t
modification of the type and
amount of dissolved organic
matter throughreconnection with
previously dry or disconnected
channel habitat?

NA- this was not a target of
these flows

What did Commonwealth

environmental water contribute t
reducing the impact of blackwateg
in the system?

CEW supported the
maintenance of flow
following blackwater and
water quality parameters
remained in acceptable
ranges over this period.

Water samples, spot
measurements,
observations

CEW was delivered t
all study zones,
makingwater quality
impacts of the flow
difficult to assess.
However, the small
delivery of CEW to
zone 2 supported
what would be an
otherwise extremely
low flow in this zone
and is likely to have
supported DO
concentrations in this
zone.
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6. SUMMARY OF STREAM MEBOLISM RESPONSES TO
COMMONWEALTH ENVIROEMTAL WATENG

6.1 Monitoring

Monitoring of dissolved oxygen concentrations, water temperature and incident solar
irradiance was performed at ten minute intervals over the period feamy September 2016

until late May 2017t seven sites in four zones within the Edwalv@kool system. Stream
metabolism parameterg Gross Primary Productivity (GPP) and Ecosystem Respiration (ER)
were estimated on a daily basis using the BASEv2 nfodéated from Grace et al. 2015
according to Song et &2016).Model fits that met LTIMagreed acceptance criteria were then

used for describing stream metabolism, and for assessing effects of watering events and other
environmental factors (e.gemperature. GPP and ER rates were also compared by

considering Net Primary Production (NPP =-@RPand GPP:ER ratios. Thedatwo variables
differentiate autotrophic systems that rely on internally derived carbon sources (where NPP is
consistently > 0 and GPP:ER ratios >1) from heterotrophic systems (where NPP is consistently <
0 and GPP:ER ratigsl). In the Igter case it can be inferred that external carbon sources are
important to the overall patterns of energy cycling in the stream.

6.2 Main findings

A total of 450 separate daily estimates of GPBure 6.1and ERFigure 6.2)vere obtained

from the seven sitein the EdwareWakool systemThis corresponds to a 34% acceptance rate
for daily datac modelled fits to the rest of the data did not meet LTIM acceptance criteria. The
low acceptance rate compared to 2015 (45%) was primdyi due to the extended period of
hypoxia/anoxiaduring the blackwater event irpsing 2016.

aSRAIFLY Dtt NIGS&d ONBLINSASYGSR o0& GKS K2NART 2y il f
consistent across 6 of the 7 sites (Figure 6.1). The slightly highes for Zone 2 downstream
wasprimarilydueto much lowerdischarge andavater levels during much of theummerearly
autumn period(see Figure 4 Ymeaning more illmination of the benthizone despite the
moderate turbdity. GPRPatesin this systenare at the lower end of the normal published
range found in river systems throughout the world (typicalyiBmgQO./L/day,e.g. Bernot et
al. 2010, although comparison with a more recent, large, as yet unpublisia¢a set from the
USGS indicates the Edward- {1 22t RFGF | NB Y2 NB ltivhighlydkelyl t Q NI K
that the EdwardWakool rates argenerallyconstrained by the low bioavailable nutriefi &
P) concentrationgHigh nutrient concentrations lsservedduringflooding generallypccurred
whenhypoxia (a marker of very high rates of respiration) resulted in the data not meeting the
requirements of the modelt KS KA 3IK W2dzift ASNEQX akKz2gy | a OANDf
conditions are conduee for primary production, rates can be at or above the high end of
global normal rates. Figure 6.2 displays the median ER rates at the same sites over the same
time period.

45



Watts, R.J. et al. (207 Commonwealth Environmental Water Office Long Term Intervention
Monitoring Project: EdwareWakool River SystenSelected Ared&valuationReport, 208-17.

10

GPP (mg O,/L/Day)

-
et [ «

| -
i~

w [ o o

Zone 4

Zone 4
Downstream

Zone 3
Upstream

Zone 3
Downstream

Zone 2
Upstream

Zone 1
Downstream

Zone 1l
Downstream

Upstream
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Figure 6.2Boxlot summary ofdaily Ecosystem RespiratiokR ratesacross seven sitdsom
September 2016 until May 2017.

The high variation in rates of GPP and ER appardigires 6.1 and 6.tan also be seen
through time Table 6.1Figure 6.3. Much of the overall variation appears to occur as a
function of daily fluctuations in the rates of these two processes, and overall there are few
strong seasonal trends. Thelgrexception is an appant upward trend in rates of GPP in
zones 1 and 2 during the period of extended basefldve Aighest metabolic rate was

recorded at the @ane 2 downstream siten late summer 2017 (Figure 6.8 omparable values
were found over the same period at the upsam site in zone IThe low flows allow buildip

of vegetation and organic matter which fuels ecosystem respiration. ER rates are generally
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significantly higher than the corresponding GPP rates, meaning that each site is predominantly
heterotrophic(P:R<1¢ metabolism is driven by ¢grnal sources of organic carbon rather than
from that created by photosynthesis within the sifehis phenomenon is also indicated by the
negative NPP (net primary production rates: GRHR) shown in Figure 6.3. Such trends/

be an indication of risk for delopment of algal blooms, and it will be important as part of a
multi-year analysis to give consideration to whether management of baseflows can interrupt
these conditions. However, blooms also require much higher mitdencentrations to

sustain elevated algal growth and the low extant nutrients in these zones indicate that the risk
of blooms forming in this region is very low. It is important to note that this scenario is very
different to bloom conditions being trapsrted from upstream, such as the event that
occurredin early 2016.

Heterotrophy, shown as NPP (Figure 6.3) is common in many lowland streams and rivers, but
highlights the importance of nealgal derived carbon in driving ecosysteespiration in this
system. Much of this respiration reflects the ongoing breakdown of organic material by
bacteria, rather than respiration by higher animals, and thus further work is required to more
fully understand the role that algae and detrital carbon play in suppogmoeguction by higher
order consumers such as fish. Riee NPP rates (an@R ratios) were found almost exclusively

in September 2016 and are attributed to low ER rates rather than higher than normal GPP.

Using direct relationships betweeatischarge fromrCommonwealth environmentatatering
actions and GPP or ER would not detect significant stimulation of gross primary production
(and hence basal food resources for invertebrates and fish) nor ecosystem respiration
(nutrient recycling) Howeverit is anticipatedthat with extended data analysis planned for
Year 4dinvolving calculation of the aount of organic carbon created (GPP) and consuri®d) (
per river km the benefits of even small watering actions might be determimzlertheless,

as noted in the 20145 and 20156 annual reports, it is recommended that whenever
possible some variation be introduced into the discharge over periods of a week or more
during summer and early autumiirying to identify dischargeelated ncreases or decreases
in metabolic rates when discharge remains relatively constant is a very difficult task.
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Table 6.1 Summary of median GPP rates, Daily ER rates and P;R rations at seven sites for each of the three years of the LTIM project.

SITE
zonel sitel zonel siteb zone2site4 zone3 site2(3) zone3 site5 zone4 sitel zone4 siteb

GPP

201415 1.25 1.28 3.69 - 1.86 1.65 2.01

201516 1.75 1.37 2.78 4.09 1.57 3.15 2.61

201617 2.11 2.22 3.87 1.99 2.90 1.63 1.85
ER

201415 2.07 2.71 6.91 - 2.47 2.04 2.27

201516 3.19 3.18 6.44 10.59 2.73 4.0 2.72

201617 5.18 4.01 12.12 4.12 4.52 3.33 4.57
P:R

201415 0.56 0.48 0.43 - 0.81 0.72 0.85

201516 0.72 0.43 0.39 0.46 0.66 0.62 0.70

201617 0.40 0.57 0.32 0.46 0.64 0.51 0.48
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6.3 Evaluation

Table 61 Summary of monitoring and evaluation questions &tream metabolismDetailed findings are presented in AppenBix

CEWO Water Planning and delivery

Monitoring and Evaluation g

uestions and outcomes

Flow component type
and target/planned
magnitude,duration,
timing and/or
inundation extent
(CEWO 2016)

Expected outcomes of
watering action (From Water
Use Minute 10038 and/or
CEWO Acquittal report)

LTIM Question

Observed outcomes

What information was
the evaluation based
on?

Were appropriate
flows provided to
achieve the expected
outcome?

Wakool River
WUM1005403
31/10/16 to 31/12/16

Wakool River
WUM1005407
1/1/17 to 30/6/17

Yallakool Creek
WUM1005408
1/1/17 to 30/6/17

To provide hypoxic water refuge fi
fish and other aquatibiota. Escapi
flows for hypoxic water refuge at th
Thule, Wakool and other min(
Wakool Escapes, with flows of up
40, 500 and 45 ML/d respectively.

What did Commonwealth
environmental water
contribute to patterns and
rates of decomposition?
(EcosystemespirationER)

Changes in ERere observed but
did not correspond to variation in
discharge. Changes were

associated with changing season
and other instreanfactors

To pevent a rapid return to bas|
flows following the hypoxic event. 1
provide recessions to flows ef rate
and duration that contributes t
ongoing recovery of instream -l
stream aquatic vegetation.

What did Commonwealth
environmental water
contribute to patterns and
rates of primary
productivity?

(Gross Primary Productivity|
GPP)

Changes in GPP were observed
did not correspond to variation in
discharge. Changes were
associated with changing season
and other instreanfactors

Prevent a rapid return to base floy
following the hypoxic event.

To provide recessions to flows of
rate and duration that contributes t|
ongoing recover of instream in
stream aquatic vegetation.

Autumn pulse and recession also
assist with movement of juvenil
native fish

How does the timing and
magnitude of
Commonwealth
environmental water
delivery affect rates afross
primary productivity and
ecosystem respiration in thg
Edward Wakool River
system?

There were no indications of any
immediateflow-related changes ir|
these metabolic parameters. The
hypoxia associated with the large
natural flow precluded metabolisr,
modelling.

There was an indication of
significantly enhanced GPP just
after the large flow subsided in
late Noremberearly December. It
is prdbable this was fuelled by
nutrients entrained in the
floodwater.

Daily estimates of stream
metabolism inseven sites
within four zones

Measurements were
undertaken fromSept
2016 until May 2017
although metabolism
measurements were
precluded by thehypoxia
during the very high flows

All daily estimates of GPP)
an ER that met agreed
acceptance criteria were
assessed for effects of
discharge from
environmental water (and
other flow events)

Due to the corifyuration of
logger sites, it wasot
possible to assess the
impacts of the escape
flows WUM1005403)

The large natural flow in
Spring 2016 with
associated hypoxia
precluded assessment of]
any metabolic response
during tis time.
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/. SUMMARY OF QUATIC ANRIVERBANK VEGETATION
RESPONSES TOMMONWEALTH ENVIROEMTAL
WATHRING

7.1 Monitoring

Thetaxonomic richnesand percent cover of aquatic and riverbank vegetatigare monitored

from July 20160 April 2017at four sites ireach offour hydrological zorein tre Edward

Wakool systemTaxa were classified as submerged, amphibious or terrestigamonitoring

was undertaken in August, September or October 2016 because floodwaters limited access to
sites Dme sites could not be sampled in November and December 2016 carggtmngaccess
issues.

7.2 Main findings

A totalof 51 riverbank and aquatic vegetation taxa were recorded across the sixteen sites
betweenNovember 201&nd April 2017 Threeof the taxawere submerged, 15 were
amphibious and 34vere terrestrial Table 7.1, Figure.Z). Only six of the taxa were introduced
(lippia, arrowhead, medic, sow thistle, yellow cress and clover) and were all in very low
abundance, with the exception of lippiazone 2.

Response to 2016 unregulated flood

When compared to the mults from 201516, there was aotabledecrease in the richness of
submerged and amphibious taxa in 2615 following the floodFigure 7.2)The taxa that
reduced incoverfollowing the flood included submerged algasnd the amphibiougloating
pond weed Potamogeton tricarinatus mud grassHseudoraphis spinescéneish Juncus
spp), spike rushEleocharis sppand mudwort (Figure 7.1Y.he reduction was most likely due
to a combination ophysical damagduring the high flowdpss of light during the flood event
and extended duration of inundation resulting in some plants dying and rottmgontrast,
there was a considerable increase in the number of terrestrial e 22 taxa in 20186 to
34 taxa in 2014.7 (Table 7.1), particularly in transects 4 and 5 higher on the bank that was
inundated for many weeks during the flood. The increase in terrestrial vegetation was
observed in the months after the flood had recede

Response teecessiorflows and late autumntinter wateringactionin Yallakool Creek

There was noesponsen the cover of aquatic vegetatian the Commonwealth
environmental watering actiogin Yallakool Creelbecause by that time there was almagro
cover ofsubmerged and amphibioudaxa at some siteslhere was an increase in the cover of
terrestrial plants after the recession of the flood, but this recovery was not associated with
watering actions, as the recovery occurred highpion bank tha the extent ofenvironmental
flows.
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Table 71 Number of riverbank and aquatic vegetation taxa recorded at LTIM monitoring sites in the
EdwardWakool system in years 1, 2 and 3 of the LTIM project between 2014 and 2017.
Number of riverbank and aquatigegetation taxa
Year submerged amphibious terrestrial
201415 3 14 17
201516 3 20 22
201617 2 15 34

total
34
45
51

EDWKO03 EDWKO04

EDWKO1 EDWKO02

Chara (Chara spp.)+e [
algae @ o® ;. °
ribbon weed (Vallisineria australis) <@

pabiawgng

floating pondweed (Potamogeton tricarinatus <
rush (Juncas spp.)
milfoil (Myriophyllum spp.) - @ e oo
mud grass (Pseudoraphis spinescens)4 ee e ° e c®
spikerush (Eleocharis spp.) e
water fern (Azolla filiculoides) 4@
mudwort (Limosella spp.){ee
sedge (Cyperus spp.)- ee
water primrose (Ludwigia peploides) e e
LJ
®
-
o

eucalyptus (Eucalyptus spp.) 4

club-rush (Scirpus spp.)

lippia* (Phyla canescens) 4

jerry-jerry (Ammannia multifiora) 4

lignum (Duma florulenta) - e

clubrush (Isolepis spp.)

narrow leaf cumbungi (Typha domingensis)+ O

arrowhead* (Sagittaria montevidensis) -

hyssop loosestrife (Lythrum hyssopifolia) 4

swamp lily (Ottelia ovalifolia)

yellow twin-heads (Eclipta platyglossa) <
water ribbons (Triglochin spp.) 4 |

8
]
snoiquyduy

common sneezeweed(Centipeda cunninghamii)
grass +

ragwort daisy (Senecio spp.)

hedge hyssop (Gratiola spp.)
knotweed (Polygonum spp.)
cudweed(Gnaphalium spp.) <

joyweed (Alternanthera denticulata) 4
bluebell (Wahlenbergia spp.)

moss 4

medic*(Medicago spp. 4

nut-heads (Epaltes spp.)

herb 4

St John's wort (Hypericum spp.) 4
mouse tail (Myosurus australia) -
germander (Haloragis galuca)-e

slender grounsel (Senecio glossanthus) -
caustic weed (Euphoriba drummondii) 4 °
goodenia (Goodenia spp.)- ‘o

dense stonecrop (Crassula colorata)+ I
catsear (Hypochaeris radicata) @
goosefoot (Chenopodium spp.) ° O
dysphania (Dysphania spp.)+ e

wild lettuce (Lactuca saligna)

daisy (Asteraceae spp.)

fumitory (Fumitory spp.)+ ™

solanum (Solanum spp.) e 0

sweetjuice (Glinus spp.) °

yellow cress* (Rorippa palustris) 4 ©
clover* (Trifolium spp.) e

earth cress (Geococcus pusillus) 4 0 °

white daisy (Calotis spp.) ®

yellow twin stem (Flaveria australasica)+ °
Brachyscome daisy (Brachyscome spp.)+ °
chickweek (Stellaria spp.) e

[]
[eusaua)

copperburr (Sclerolaena spp.)

ferny buttercup (Ranunculus pumilio) 4
ferny cotula (Cotula bipinnata) <

saltbush (Atriplex spp.)

sow thistles* (Sonchus spp.) -

spiked cudweed (Gnaphalium sphaericum)+

year
® 201415

2015-16
@ 201617

0 100 200 3000 100 200 3000 100 200 3000 100 200 300
Maximum cover (total.no transect points)

Figure7.1 Maximum covepf riverbank and aquatic vegetatidaxa monitored monthly across four
hydrological zones in the Edwawlakool system betweeduly2016and April 2017 Taxa were classified
as submerged, amphibious or terrestrial. Red dots indicate maximum cover iAlB)tfeen dots
indicate maximum cover in 20185, and blue dots indicate maximum cover in 24176 EDWKO01 =
Yallakool Creek zone 1, EDWKO02 = Upper W&kigelzone 2, EDWKO03 = Wakool River zone 3 upstream
of Thule Creek, EDWKO04 = Wakool River zone 4 downstream Thule*Gnélduced taxa.
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Figure7.2 Photos of zone 3 site 1 showiogange incoverof
aguatic vegetatioriaxafrom January 2015 (top), Jaary 2016
(middle)and Jaruary 2017 (bottom)after the 2016 flood event
(Photos: Sascha Healy)
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7.3 Evaluation

Table 72 Summaryof effects ofCommonwealth environmental watering @guatic and riverbank vegetatiot/A = Notapplicable to this watering actioetailed
findings are presented in Appendix C.

CEWO Water Planning and delivery

Monitoring and Evaluation questions and outcomes

watering actionin
Yallakool Creek

flows during winter
spring. To improve

aquatic vegetation in Yallakool Creek ahd mid and upper
Wakool Riveand how do those responses vary over time?

links with  other| How do vegetation responses to Commonwealth environmenta] No difference
parts of the river| water delivery vary among hydrological zones? detectable
system (WUM What di . :
at didCEWdelivered as base flows and freshes contribute to| No effect
(1)2;) 5407, 10054 the percent cover ofverbank and aquatic vegetatién detectable
What didCEWdelivered as base flows and freshes contribute to| No effect
the taxonomic richness of riverbank and aquatic vegetation tax{ detectable

Flow component type | Expected outcomes| LTIM Question Observed What Were appropriate
and target/planned of watering action outcomes information | flows provided to
magnitude, duration, was the achieve the expected
timing andinundation evaluation | outcome?
extent (CEWO 2016) based on?
CEW delivered from To provide hypoxic |What has Commonwealth environmental water contributed to th N/A Riverbank and aquatiq
irrigations escapes water refuge for fish | recovery (species richness, cover and recruitment) of riverbank vegetation was not
and other aquatic | aquatic vegetation in Yallakool Creek ahd mid and upper Wakoq monitored at sites in
biota (WUM 10054 |Riverand how do those responses vary over time? association with the
03, 1005404 10054 | How do vegetation responses to Commonwealth environmenta| N/A irrigation escapes
05). water delivery vary among hydrological zones? watering actions
What didCEWdelivered as base flows and freshes contribute to | N/A
percent cover of riverbank and aquatic vegetafton
What didCEWdelivered as base flows and freshes contribute to | N/A
taxonomic richness of riverbank and aquatic vegetation faxa
Recession flows andtk | To reinstate part off What has Commonwealth environmental water contributed to th No effect Vegetation | The flood event in
autumn/winter the continuous| recovery (species richness, cover and recruitment) of riverbank| detectable surveys 2016decreasd the

richnessand coverof
submerged and
amphibious taxa and
increasel the richness
and cover of
terrestrial taxa. There
was no recovery of
submerged and
amphibious taxa
duringrecession flows
or autumn/winter
watering action
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8. SUMMARY OFISBHMOVEMENTRESPONSES TO
COMMONWEALTH ENVIROEMTAIWATHRING

8.1 Monitoring

A total of 71 acoustic receivers were installed in the Edw&eakool system in August 2015

(Figure 8.1)Of these, 51 constituted the firgcale &oustic receiver arragf ~6 km receiver

spacing and 20 additional receivers were placed at key entry/exit points and major junctions

within the wider EdwardWakool system to monitor any potential emigration out of the

system.These additional receivers were funded by Murragdld.and Services with funding

LINE JARSR o0& GKS CSRSNIf 32 JSNgtafaborieQaiderb I G A2y £ ]
perch and 28 silver perch have been fitted with telemetry tags between August 2015 and April

2017. Here we report on data obtained from §dlden perch and 13 silver perch spanning

movements from August 2015 until April 2017, although we note that sample size varied

throughout the study period due to emigration and possible mortality.

Movement responses of periodic fish spedigsiden perchand silver percjiwere monitored
continuously within each of the four focal LTIM hydrological zones in the EdiWakabol

system. Additionally, movements outside of the focal zones were monitored to determine the
timing, direction, magnitude and drivers lafrge scale movements within the entire Edward
Wakool systemMovement responses in Murray cod were also monitored under a separate
project with Murray LLS and are not reported in this report.

Figure8.1 Clockwise from left: An acoustic receiver readyof deployment and an acoustic tag for scale,
downloading information from tagged fish passing an acoustic receiver and, an anaestisétised
perch undergoing surgical implantation of an acoustic tagpinl 2017
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8.2 Main findings

A total of 51 golden perch and 13 silver perch contributed movement data from August 2015

until April 2017. Both golden and silver perch individuals moved sporadically from August 2015

to August 2016, generally occupying the LTIM focal zones (zones dn@ 43 and moving

2OSNJ I al0FtsS 2F mnQa 2F (At 2YSUNBaAD® 9YAIANI GA2Y
there repeatable directional movements by the entire tagged sample.

Response to 2016 unregulated flood and watering actions from irrigatioal esoapes

Rising water levels resulting from unregulated inflows in September 2016, as well as increasing

6 GSNJI GSYLISNF GdzNBasx NBadzZ SR Ay NILARI 022 NRAYI
kilometres, an order of magnitude greater than those olgerin the preceding 12 months.

Movements by the majority of individuals were persistent and directional, resulting in a net

shift in the tagged population to downstream habitats on the mid and lower Wakool River

(Figure 8.2).

Dissolved oxygen levels dieeld concurrent with the flow peak, resulting in readings at or near
2 Mg ! in mid-October and 0 Mgiin late October 2016 in the Wakool River. The timing of
these low dissolved oxygen levels coincided with the last valid detections of many tagged
golden perch (n=36/51 tagged fish had their last valid detections in either September or
October 2016) and silver perch (n=4/9 were fitted with tags, were within the EW system and
had their last valid detections in either September or October 2016) withimtakool River.

Commonwealth environmental water was delivered via escapes to enhance dissolved oxygen
within the EdwareWakool system. The timing of delivery was after the last valid movement
records for the majority of the tagged sample of both golden sihger perch, with the

exception of two tagged golden perch that remained within the focal zones during the period
of environmental watering (Figure 8.Additional fish will be tagged in 2017 to facilitate the
monitoring of fish movement in 2017.

The &st detections of 39 golden perch were within the LTIM focal zones, although generally in
zone 4 (i.e. downstream). Of these 39 only three individuals were detected in 2017. Nine
golden perch had last detections in the lower Wakool River at either Ge®fBlge (n=2), at

the GlenbasNiemur junction (n=6) or at the WakeBdward junction (n=1). One additional
golden perch was detected moving from the Glenb@mur junction to the Colligen Creek
Edward River junction. Two golden perch exited the Edwsladkool system into the Murray

River near Kenley, with one of thedetected on another receiver array near Mildura

(travelling ~590 km). The most recent acoustic receiver download in April 2017 indicated that
only three golden perch are now contributing movemeata within the LTIM focal zone.

Six silver perctwvere successfully tracketlring the 201617 watering season. Two individuals
were last located in zone 4 in earlyid October 2016, one was last located in the Wakool
River at Kyalite in late October 2016. The remaining three individuals exited the Edward
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Wakool system and entedethe Murray River at Kenley from & October 2016. One of

these individuals r@ntered the EdwardVakool system and was last detected at the Wakool
Edward junction in March 2017. Another of these silver perch moved upstream in the Murray
River and wasakt detected at Picnic Point in February 2017. The third silver perch to enter the
Murray River was subsequently detected on another receiver array in the lower Darling River
in December 2016, having travelled downstream in excess of 700 km from itsabcgpiure
location.
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Figure8.2 A) Mean dailyiver dischargeB) mean dailyvater temperature and, C) mean daily dissolved
oxygen from the Edward River at Deniliquin (red line) and Wakool River at Gee Gee Bridge (tdtie line)
Wakool Reserve (Zone 3)dassociated daily location of acoustically tag§@dolden perch ané)
silver perchduring the period of environmental water delivery in late 20Défferent coloured lines
represent different tagged individuals and 0 km represents the location of Wakeserve, with positive
numbers representing upstream locations and negative numbers downstream loca¥iotesthat when
the individual coloured lines finish this represents the last detection within the acoustic array.
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8.3 Evaluaton

Table 82 Summaryof fish movement responses 8ommonvealth environmental wateringN/A = Not applicable to this watering actiddetailed findngs are presented

in Appendix D

CEWO Water Planning and delivery

Monitoring and Evaluation questions andutcomes

Flow component type
and target/planned
magnitude, duration,
timing and/or
inundation extent

Expected outcomes of
watering action (From
Water Use Minute 10038
and/or CEWO Acquittal
report)

LTIM Question

Observed outcomes

What information was the
evaluation based on?

Were appropriate
flows provided to
achieve the expected
outcome?

To provide hypoxic water
refuge for fish and other
aquatic biota (WUM
1005403, 1005404
1005405).

To reinstate part of the
continuous flows during
winter-spring. To improve
links with other parts of
the river system (WUM
1005407, 1005408)

Were periodic species (golden
and silver perch) present in the
target reaches during
Commonwealth environmental
water delivery?

Only a small proportion of the
tagged samplef fish survived
the hypoxic blackwater event

Location of tagged individua|
within the system based on
either current movements of
the last valid detection

Did periodic species remain
within the target reaches durin
Commonwealth environmental
water delivery?

Yes( see above

Location of tagged individua|
within the system based on
either currentmovements or
the last valid detection

Did Commonwealth
environmental water stimulate
periodic fish species to exhibit
movement consistent with
reproductive behaviour?

NA

NA

Does Commonwealth
environmental water enable
periodic species to disperem
and return to refuge habitat?

NA

NA

Does Commonwealth
environmental water protect
periodic species from adverse

water quality?

Possibly, although note that th
timing of e-flow deliveryfrom
irrigation escapesvas too late

to ensure survivabf many fish

Location of tagged individua
within the system based on
either current movements of

the last valid detection

No. Timing of flow
delivery was
generaly too late to
protect the majority
of individuals.
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9. UMMARY OFISH SPAWNING RESPEBNTO
COMMONWEALTH ENVIROEMTAIWATERING

9.1 Monitoring

Fish spawning angroduction responses to Commonwealth environmental watering were assessed

by monitoring the presence and abundance of fish larvae throughout the spring and summer of
201617. Larval fish were sampled fortnightly from October 2016 to March 2017 usinglziraimn

of light traps and drift nets across four study zones: Yallakool Creek (zone 1), Wakool River upstream
(zone 2), midWakool River upstream of Thule Creek (zone 3), aneMi#@lool River downstream of

Thule Creek (zone 4).

9.2 Main findings

Severof the ten fish species collected as kagvin the EdwardVakool Selected Area during the
201617 spawning seasomere native, with smalbodiedfish species comprising theajority of
larvae collected across the four study zon@arp gudgeonHypseleots spp. n=11,57% were the
most numerically abundant larvae caught in light traps, representing 90% of the larval collected
across the spawning season. Flathead gudgPhilypnodon grandiceps=324 and Australian

smelt Retropinna semonn=33) larvae &0 detected consistently across the four study zones. Other
small bodied fish found spawning during 2e8llbwere Murray River Rainbowfidi€lanotaenia
fluviatilis, n= 19 and unspecked hardyhea@raterocephalus stercusmascarum fulvusy, and
whilst found in relative small numbers, were fouirdthree of the four study zones. We did not
detect any spawning of obscure galaxi@al@xias olirgsin 201617, but of interest, was the large
number of tadpoles collected in light trapadicating the inundation of floodplain habitduring the
201617 floodspromoted a stong response in frog spawningtroduced species found spawning in
201617 included CarpQyprinus carpion=683, gambusiaGambusia holbrookin=17 and oriental
weatherloach Misgurnus anguillicaudatys1i=1).

Of the largebodied, native fish species known to Edw&¥kool River, two species, Murray cod
(Maccullochella peelin=4) and bony herringNgématolosa erebin=6, were collected as larvae,
indicating local gawning had occurred within the EdwaYilakool Selected Area. It was detected as
larvae n the lower section of the Focal zoneappearing in Wakool River zone 3 (upstream of Thule
Creek), and Wakool River zone 4 (downstream of Thule Creek).This isttbeservation of bony
herring spawning in the Edwaitfakool system since short term intervention monitoring of CEWO
water commenced in 20212. The number of cod larvae collected in light traps this year was very
small compared with previous years (n=56201516, and n=215 in 20145), likely reflectingthe
reduced adult Murray cod population in the Edwasthkool during the spawning season as a result
of the hypoxic black water that causedde spread fish kills throughout the southekturray

Darling BasinThere were o silver perchBidyanus bidyanysorgolden perchiacquaria

ambigug eggs or larvae collected from light traps or drift nets.
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Despite the reduced sampling effort causedflnoding and access issuen,@der ofmagnitude

more larvae were collected in 201& compared to the first two years of LTIM monitormghere

3,418 larvae were sampled in 2018, and 4,249 in 20145. Spawning was ghificantly greater in
201617 for carp, carp gudgeon, Murray River rainbowfish and gambusia, bony herring, compared to
previous years compared to the irchannel flow years of 20145 and 2015L16.

Much of the spawning that took place in the Edwalithkool Selected Areaccurred follovingthe
recovery of the system post hypoxic blackwatarinciding with the watering action 6 on the
recession of the floovhen disslved oxygen levels returned tevels over Sng/L (Figureé.1).
Three species, common carp, Australian smelt and oriental weatherloach were foapdwm
during the hypoxic conditionglbeitin low numbers.

Commonwealth Environmental watering actiamsgetingsilver perch spawning in the Yallakool
River in atumn 2017 occurred outside the Octob&ebruarymonitoringperiod, and therefore it
was not possible to directlgssessf these watering actions resulted in silver perch spawniigh
recruitment surveys tde undertaken in February 2018 will assist in establishing if these water
actions resulted in successful spawning and recruitment of silver perch in the Selected Area.
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Figure9.1 Occurrence of fish larvae in the Edward Wakool Selected Area durin@1éelZ spawning season,
overlaid with mean daily discharge (mL/day) and mean daily dissolved oxygen (mg/L). Solid black bars
represent duration of spawning season for individual species across all four study zones (from bottom to top):
cc= common carp, aswustralian smelt, wi= Oriental weatherloach, mc = Murray cod, cg = carp gudgeon, ga=
gambusia, rf=Murray river rainbowfish, fhg=flathead gudgeon, hh=unspecked hardyhead, and bh= bony

herring. Discharge is measured at zone 4 site 1 (Gaoagas, Wakool Ri ver at Barham Rd), dissolved oxygen
was calculated as mean daily DO across all DO logger sites throughout the Selected Area.
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Table 92 Summarnyof fish spawning responses @ommonvealth environmental watering. N/A = Not applicable to this watering actietailed findngs are presented in

Appendix D

Fish spawning and reproduction

CEWO Water planning and delivery

Monitoring and Evaluation questions and outcomes

Flow component typ
and target/planned

Expected outcomes of
wateringaction (From

LTIM Question

Observed outcomes

What information was
the evaluation based on

Were appropri¢e flows provided
to achieve the expected

late autumn/winter
watering action in
YallakoolCreek

changes in river rises thg
may contribute to silver
perch spawning.

To provide a number o
peaks at a time whe

environmental water
contribute to increased
spawning activity of
equilibrium species (e.g.
Murray cod, river blackfish

occurred outside the time
when equilibrium species
usually spawn)

magnitude, duration, | Water Use Minutesnd/or outcome?
timing and/or CEWO Acquittal repb
inundation extent
CEW delivered from | To provide refuge fron] Could not be assessed
irrigation escapes hypoxic water for fish ang
other aquatic biota
Recession flows and | To influence different What did commonwealth NA (The watering actions | N/A N/ A

water temperature is
suitable for silver perch
spawning.

To determine if river leve
rises timed with periods o
23°C water temperaturg
and no moon (dark nigh
sky conditions) has an

What did commonwealth
environmental water

O2y iNARO6dzG S (1
dependent spawning
species (e.g. golden and
silver perch, bony herring)

Environmental flow delivery|
occurred outside the
monitoring period, and
therefore could not be
assessed. No evidence of
golden perch or silver perch
spawning was foundiuring
the sampling period

No eggs or larvaef
golden perch osilver
perchwere dete¢ed

with targeted fortnightly
sampling, which involveq
using drift nets across
the four study zones,
from Septto Dec2016

High unregulated floods in 2016
17 did not trigger spawninim
golden perch or silver perch in
Yallakool Creek ohe Wakool
River. Bvironmental flows
occurred outside the monitoring
period, and therefore couldot
be assessed

influence on silver perch
spawning response.

What did commonwealth
environmental water
contribute to the spawning
2F W2 LJLJ2 NI dzy |
(e.g. small bodied fish)

Most opportunistic species
spawnedon the recession o
the flood, coinciding with
Commonwealth
environmental watering
actions

Monitoring abundance
of larval fish using light
traps

Watering actions on the flood
recession did not specifically
target spawning of opportunistic
fish, but occurrd at a time when
spawning of these taxa usually
occurs and may have benefitted
these taxa
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10. SUMMARY OMMURRAY CQISOLDEN PERCH AND
SILVER PER&®ECRUITMENT ANHARLY LIFEISTORY
GROWTHRESPONSH® COMMONWEALTH
ENVIRONMENTANATERING

10.1 Monitoring

The fish recruitment monitoring was developed specifically for the EdWéailool system in
order to target juvenile silver perclgolden perch and Murray codlhis monitoring enables
comparisons of juvenile growth rates among zswé the EdwardVakoolsystemand is used
to determine recruitment variatin of these species among yeamgespase to environmental
watering.Fish were sampled by backpack eledishing, standardised angling and diees to
estimate recruitment and rgpwth rates.

10.2 Main findings

No Murray cod, silver perch or golden perch young of year (YOY) or 1+ re@eétdetected
in 201617; thehypoxic conditions that occurreid November 2016 likely to havéfected
spawning and recruitment for many largedied native fish species in 2016. Comparisons
of relative recruitmentacross three years revealed thdOY Murray cod occurred throughout
the systemduring 201415 and ®15-16 but was not detecteth any of he zones sampled in
201617.Silver perch 1¥ecruits were most abundant in 20155, as compare with 201415
and 201617 whenlittle to no recruitmentof this speciesvas detected Table10.1). Golden
perch recruits were not detectedverthe pastthree years in the Edwasd/akoolsystem

Table 10.1Number of Youngf-Year (YOY), agdass 1 (1+) recruits and older juvenile and adults of the
three target species sampled in recruitment and growth monitoring in the EdWaool system for
201415 through 201617.

201415 201516 201617
YOY ilar YOY 1+ YOY_ 1+ .
Zone recruit  recruit recruit  recruit recruit  recruit
Murray cod
Yallakool Creekzone 1 5 15 20 8 0 0
Wakool River zone 2 5 11 9 16 0 0
Wakool River zone 3 3 14 8 9 0 0
Wakool River zone 4 7 6 5 17 0 0
Silver perch
Yallakool Creek zone 1 0 0 0 1 0 0
Wakool River zone 2 0 0 0 0 0 0
Wakool River zone 3 0 0 0 0 0
Wakool River zone 4 0 1 5 15 0 0
Goldenperch
Yallakool Creekzone 1 0 0 0 0 0 0
Wakool River zone 2 0 0 0 0 0 0
Wakool River zone 3 0 0 0 0 0 0
Wakool River zone 4 0 0 0 0 0 0
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10.3 Evaluation

Table 102 Summaryof fishrecruitmentresponses tacCommonvealth environmental watering. N/A = Not applicable to this watering actietailed findngs are

presented in Appendix.D

CEWO Water Planning and delivery

Monitoring and Evaluation questions and outcomes

Flowcomponent type and
target/planned magnitude,
duration, timing and/or
inundation extent

Expected outcomes of
watering action (From
Water Use Minute 10038
and/or CEWO Acquittal
report)

LTIM Question

Were appropriate flows
provided to achieve the
expected outcome?

Observed outcomes What information
was the evaluation
basedon?

CEW delivered from
irrigations escapes

To provide hypoxic water
refuge for fish and other
aquatic biota

Could not be assessed

Recession flows and late
autumn/winter watering
action inYallakool Creek

Autumn pulse and
recession also to assist
with movement of
juvenile native fish

Could not be assessed
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11. SUMMARY OFISBH COMMUNITY RESPEHES$ TO
COMMONWEALTH ENVIROEMTAIWATERING

11.1 Monitoring

Category 1 (Basscale evaluation project) fish (river) monitoring was undertaken in the mid
Wakool River zone 3 in 26417 in following methods outlined in Hale et al. (2014). The
Category 3 (Edward Wakool Selected Area evaluation project) monitoring of 15 additiosal site
throughout the EdwaréWakool Selected Area was undertaken inrye§201415)(Watts et al.
2015 and is scheduled to be undertaken again in year 5 (2@)&f the LTIM Project, and

thus was not undertaken in 26117.

11.2 Main findings

Category 1 fishammunity sampling identified eight native fish species and three alien specie
in zone 3 during 2017 (Table 1}L.There were significant differences in the abundance of the
fish assemblage between sampling years (2017, 2016 and 202&)e 3 Pairwise

differences between 2017 and 2016 were driven by a reduced abundance of Murray cod and
golden perch and a higher abundance of carp gudgeon and bony herring.

Bony herring captured in 2017 were significantly smaller than those captured in both 2016 and
2015,and a number of new recruits were captured. Golden perch captured in 2017 were
significantly larger than those captured in 2016 and 2015 and new recruits of this species have
not been captured during three years of sampling. A large proportion of comarmpmew

recruits were captured in 2017 resulting in a significant difference in the size structure
compared with both 2016 and 2015. No Murray cod new recruits were captured in 2017 and
as a result the size structure was significantly larger than 201@@b8(Figure 11.1)

A total of 135 Murray cod, 12 golden perch and three silver perch were collected during
hypoxic blackwater fish killa October 2016 (Figure 13,5nd otolithswere removedfor later
ageing to contribute to Basiscale evaluations
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Table11.1Summary of fish captured during Category 1 standardised sampling in 2015, 2016 and 2017 in
the EdwardWakool LTIM project. BE = boat electrofishing, SFN = small fyke net and BT = bait trap.

Fish species 2015 2016 2017

BE SFN BT Total BE SFN BT Total BE SFN BT Total

native species

Australian smelt 129 2 - 131 52 1 - 53 293 10 - 303
bony herring 31 - - 31 27 - - 27 108 - - 108
carp gudgeon 47 4302 51 4400 68 2367 15 2450 165 6814 66 7045
flatheaded gudgeon - - 1 1 - - 3 3 - - - 0
goldenperch 107 - - 107 116 - - 116 19 - - 19
Murray cod 210 - - 210 333 1 - 334 12 - - 12
Murray-Darling 339 168 - 507 353 77 5 435 650 19 - 669
rainbowfish

silver perch 5 - - 5 5 - - 5 3 - - 3
un-specked hardyheac 86 64 - 150 565 35 - 600 510 72 - 582
alien species

common carp 167 - - 167 176 - - 176 735 40 3 778
eastern gambusia 18 175 - 193 36 366 1 403 31 125 8 164
goldfish 21 - - 21 38 - - 38 73 2 - 75

¢+ a) bony herring o b) golden perch
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Figure 111. Cumulative lengtfirequency histograms of the four most common latyedied species
captured during Category 1 sampling in the Edwafakool LTIM project in 2015, 2016 and 2017. The
dashed line indicates approximate length at one year ofagksample sizes are provided in the figure
legend for each respective species and sangpjiear Rapid vertical rises in lines (i.e. common carp
<200 mm in 2017) indicate a larger proportion of fish in these size classes.
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Figure 11.2An example of Murray cod located in a backwater following a hypoxic fish kill in 2016 (left),
and lined up ér measurement prior to removal of otoliths (ear bones) for later ageing (right).

11.3 Evaluation

Evaluation of fish community responses to Commonwealth environmental watering in the
EdwardWakool River system for the Long Term Intervention Monitoring Project is being
undertaken at the following scales:

i) Selected Area evaluation (Watts et al. 20i4l) be undertaken in years 1 (2014/15)
and 5 (2018/19) of the LTIM Project, and as such this report will not evaluate
response questions specific to the Edwalkthkool Selected Area, and

i) Basin scale evaluation (Hale et al. 2014) will be undertaksysa short term and
long term time scales. The Basin Scale evaluation involves the integration of multiple
datasets from a number of different catchments, and this will be undertaken by the
Murray-Darling Freshwater Research Centre and will be evaluatadeparate
report.
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12. SYNTHESIS
Summary of@sponseto 2016 unregulated flood

The following responses to therregulated flood eventvere observedn the EdwareWakool
systemin 2016

1 Extended period of overbank flows that flooded forest, croppagl, graingand
pasture landsaindincreased connectivity through connection afdkwaters, flood
runners and aabranches

1 Increased dissolved organic carbon and rapid decrease in dissolved oxygen in October
2016 resulting in hypoxia and widespread fislaithes

91 Increasedconcentration of nutrients, especially nitrogen anldgsphorus

9 Largereduction in the cover and richness of submerged and amphibious plants

1 Anincrease in the cover and richness of terrestrial riverbank plants following the
recession of thélood

T LYONBIFIAaASR Y2@SYSyid 2F 32t RSy LISNDKchF yR aif g
was an order of magnitude greater thamovements during th@receding months

1 Very low numbers of in Murray cod larvae present compared to previous years, as the
hypoxic event occurred at the time of year in which Murray cod spawn in this system

1 Absence of Murray cod, silver perch and golden perch recruits following the flood

1 Very high biomass of tadpoles and invertebrates observed in nets, that provides a
source of f@d for native fish and other anima(Bigure 12.1)

Figurel2.llnvertebrates collected in the drift nets during the flood in the Wakool Rnbnto Nlcole McCasker)
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Response to environmental watering actions from irrigation canal escapes

Commonwealth watering actiongere undertakerbetween October and Decemb2016to create
local refuge areas by releasing environmental flows from irrigatiolescapesnto rivers inthe

EdwardWakool systemThe responses differed between canal escapes, largely depending on the
extent to which the water released from the escape contributed to the river flow.

The wateiing actions from the Edward escape awthkool escape had positive outcomes,
improvingDO aml DOC downstream of tiseescapes (Table 12.1)No targeted fish monitoring

was undertaken near these escapes, howdaadholders and Fisheries Officerdsserved fish
congregating in the flows from these escajj€able 12.1)suggesting the water actiongere
successful in creating localised fish refuges during the hypoxic blackwater conditiens.
watering action from the Niemur escape did not show any change in indicators downstream of
the escape, becaughe environmental water delivered from the es@pontributed less than 7

% of the total flow in the Niemur River for the duration of the watering action (Figurehé).
watering action at the Thule escape was influenced by other localised effects. The watering
actions from these escapes may have ed local refuge habitat for fish and other organisms.

Table12.1 Responses to the watering actiorisom irrigation canal escapes in the Edwakthkool system
during the2016hypoxic blackwater eveniNo targeted fish monitoring was undeien near these gcapes.
Observations of nativBsh activity near the escapeasere noted by landholders and Fisheries Officers

() Positive response to environmental watering (green)
Mixed response; some adverse and some positive responses to environmental wéaeniey)
[ Negative response to environmental watering (red)
No detectable response to environmental watering (neither positive nor negative response) (grey)
(J  NJ/A No evaluation undertaken by this project (white)
Indicator Indicator Edward Escape | Wakool Escap Thule Escape* | Niemur
type Escape
Hydrology Water from escapq Yes Yes Yes No
contributed >10%
of river flow
Water quality |DO Increased (improved| Increased (improved| Decreased Negligible
downstream of downstream of (affected by other |possibly localiseq
escape escape factors) refuge only
DOC Decreased Decreased Increased No clear trend
(improved) (improved)
downstream of downstream of
escape escape
pH No clear trend (varie| Increased (within Decreased (from |No clear trend
with sampling date) | acceptable range) |initially high value)
Nutrients Generally decreased No clear trend No clear trend
Other nutrients (varied with sampling
decreased date)
Fish movemen] Native fish Could not be assessed because the watering actamurred after the last valid
movement movement records for the majority of the tagged fish
Anecdotal Native fish activity| Fish observed Fish observed Fish observed NA-no
observations of congregating in the |congregating in the |congregating in thg observations
native fish flows from the flows from the flows from the

Edward escape

Wakool escape

Thule escape

*Note Thule measurements suggest algal growth at upstream site and/or floodplain drainage between
upstream and downstream sites may have occurred disduised the impact of CEW
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Response to recession flows datke autumn/winter watering actionin Yallakool Creek

During the flood recession and winter watering action thetev quality remainedvithin an
acceptable rangeCompared to fish spawning recodiat the same time in previous years,

there was increased spawning of carp, carp gudgeon, Murray River rainbowfish, gambusia and
bony herring on the recession of the flood event. However, there were no fish recruits of
Murray cod, silver path or golden pech recorded in atumn 2017. There was no detectable
response of aquatic vegetation on the recession of the flood or into autumn and winter 2017,
because almost no aquatic vegetation survived during the flood event.

Tablel1l2.2 Summary of ecosystem responses to Commonwealth environmental waterihg Edward
Wakool system in 20156.
@ Positive response to environmental watering (green)

Mixed response; some adverse and some positive responses to environmental wéheniney)
[ Negative response to environmental watering (red)

No detectable response to environmental watering (neither positive nor negative response) (grey)
([ N/A No evaluation undertaken by this project (white)
Indicators Dependant variable Shortterm responseto recession flows and Yallako
Creek autumn/winter flows

Zone 1 Zone 2 Zone 3 Zone 4
Hydrology Hydrological connectivity Recession flow|
N/A winter
flow
Stream Rates of gross primary productivity
metabolism, N/A (winter flows not assessed)
water quality, Rates of ecosystem respiration |
and aganic N/A (winter flows not assessed)
matter Dissolved organic matter
characterisation Dissolved oxygen Recession flow
N/A winter
flow

Nutrient concentration
Riverbank and |Percent overand richness of

aquatic submerged and amphibious plants
vegetation Percent overand richness of N/A (increased cover of terrestrial plants over this period nof
terrestrial plants associated wh watering actionshigher on bank than-8ows)
Fish movement | Native fish movement N/A (there were few fish remaining in the system at this time to
able to assess movement to these flows)
Fish spawning Larval abundance d©pportunistic’ Positive spawning response during recession flows
and reproduction | (e.g. small bodied fish) species N/A winter flows not assessed
[ F NIt I 6 dzy-R$ WS No larvae of flow dependent speciescorded
spawning species (e.g. golden and
silver perch)
Larval abundance of Murray cod N/A (outside the spawning time for Murray cod)
Fish recruitment | Growth rate of youngpf-year (YOY) No fish recruits captured

and ageclass 1 (1+) Murray cod
golden perch and silver perch
Recruitmentof youngof-year (YOY) No fish recruits captured
and ageclass 1 (1+) Murray cod
golden perch and silver perch
Fish community |Fish condition N/A (fish community assessed only yearl and year 5)

Fish recovery N/A (fish community assessed only yearl and #ar
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13. RECOMMENDATIONS FORETADAPTIVE
MANAGEMENT AND FUTEIRSE OEOMMONWEALTH

ENVIRONMENTAL WATER

Progress on recommendations from 2alib Elward-Wakool Anual LTIM report

Eght recommendationsvere outlined inthe 201516 EdwareMVakool LTIM annuaéport
(Watts et al 2016)to improve the planning and delivery ob@monwealth environmental
water. The extent to whictheserecommendatios havebeenimplemented(as ofOctober
2017 in the EdwareWakool system is summarised in Table 13.1.

Table 13.1Progress oreightrecommendations outlined in EdwaiVakool 201516 LTIM annual report

Recommendation from 18,6 report Extent to which recommendation implemented

1. Undertake a comprehensive flows assessment for t| Flowassessmersthave beerundertaken byMDBA
tributaries of the EdwardVakool system tdetter and NSW OEH comparing modelled natural with
inform future decisions on environmental watering i| observed data. It is not yet clear to what extent
this system. these assessments underpin management siecis

P. Trial the delivery of continuous basdlows during Inearly 2016 CEWO and NSW Oield discussions
winter (no cease to flow) in the tributaries of the with stakeholder groups (e.g. the Murrdypwer
EdwardWakool system to promote the temporal Darling EWAG and the Edwardakool
availability and continuity of instream habitat to Environmental WateReference Group) regarding
benefit fish and other aquatic animals and astig this recommendationA continuous winter flow was
recovery of submerged aquatic plants in the systemn| implemented in Yallakool Credkid & Lower

Wakool River and the Colligen Cregiemur River
systemin 2017

3. Trial the delivery of a short duratiorweatering action| CEWO and NSW OEH have facilitated discussion
in late winter or spring 2017 at a higher discharge | with stakeholders to progress proposal to trial
than thecurrent operational constraint of 600 MLd | flowsabove current operational constraintap to
(possibly up to 1000 to 1200 Mtd This would test | approximately 800 ML/day at the confluence of
the hypothesis that larger #shannel environmental | Yallakoolk and WakooR The currenproposalis
watering actions will increase river productivity. to undertakethe trial in astumn or winterof 2018.

4. Trial the delivery of an environmental veatng action | This recommendation has not yet been
in the Edward Rlownstream of Stevens Weir to implementednor is theremonitoring in place to
target golden perch and silver perch spawning. detect a spawning response if it occurred.

5. Avoid long periods of constant flows broducing This recommendation was applied in 2616and
flow variability into environmental watering actions. | 201617, 201718in Ydlakool Ck, Wkool R and

Colligen CiNiemur Rwatering actions.

6. Continue to explore opportunities to increase the | Thisrecommendatiorwas trialled in 2018.6. Up to
magnitude of environmental water delivered to the | 100 ML.d* of CEWwas delivered taipper Wakool
upper Wakool River to achieve ecosystem outcome but did not produce expected outcomes. Trialling
and at the same time facilitate learning about the | the delivery of higher flowt the upper Wakool
sysem. may result in better outcomedt maybe difficult to

achievefrom the regulatorbut could be achieveth
conjunction with useof the Wakool escape.

7. Continue to include a water use option in planning | This recommendatiowasappliedto the 201516,
that enables Commonwealth environmental water t{ 201617 and 201718 planning for the use &ZEWnN
be used to mitigate adverse water quality events in| the EdwardWakool River system. Contingency floy
the Edwad-Wakool system. have continued to be made available to contribute

to responses to hypoxic blackwater events or othe
poor water quality events should they occur.

8. Continue to include a water use option that enables This recommendatiowasappliedto the 201516,
CEWo be used to mitigate rapid recessions due to | 201617 and 201718 planning for the use oc€EEWnN
rainfall rejection in the EdwarilVakool system. the EdwardWakool River system.
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Recommendations from 204k’ watering actions

In addition totwo recommendatiosthat have beercarriedoverfrom the 201516 Edward-
Wakool LTIM annual repgnive outlinethree new recommendationgo improve the planning
and delivery of Commonwealth environmental watkat are undepinned by the 20167
EdwardWakool monitoring and evaluation results and findings from previous monitoring.
Whereapplicable, a notdas beerincluded to indicatdéo what extentthe recommendation
hasalreadybeen applied (as ddctober 2017in the plaming or use of Commonwealth
environmental water in the Edwasd/akool system.

Insummary, thesevenrecommendations are

1. If there is an imminent hypoxic blackwater event during an unregulated flow and the
quality of source water is suitable for anvironmental watering action, the CEWO and
other relevant agencigsn partnership with local landholder and community
representativesshould take action to facilitate the earlier release of environmental water
on the rising limb of the flood event to create local refuges prior to dissolved oxygen
concentrations falling below 2 mgL

2. The installation of a dissolved oxygen logger onxdstieg NSW Water gaugi®wnstream
of Yarrawonga andpstream ofBarmahMillewa Fores{such as Tocumwaghould be
considered a priority to enable forest managers to more accurately deteraride
understandthe influence of upstream floodplain and/or tlierest on DO and DOC levels
in the midMurray reach Consideration should also be given to installing dissolved oxygen
loggers, either on existing NSW Water gauge or on new gauges, both upstream and
downstream of other forested areas that may influence graquality in the Edward
Wakool system, including Werai Forest.

3. Implement a second trial of continuous basavironmentalflows (no cease to flowdluring
winter 2018in the tributaries of the EdwarilVakool system to promote the temporal
availability and cnotinuity of instream habitat to benefit fish and other aquatic animals and
assist the recovery of submerged aquatic plants in the system.

4. Trial the delivery of an environmental watering action in the Edward River downstream of
Stevens Weir to target goldgrerch and silver perch spawnimgupported with
appropriate monitoringThis recommendatiomwascarried forward from the 20146
annual report (Watts et al. 2016).

5. Continue to explore opportunities to increase the magnitude of environmental water
delivered to the upper Wakool River to achieve ecosystem outcomes and at the same time
facilitate learning about the systerihis recommendatiowascarried forward from the
201516 annual report (Watts et al. 2016).

6. Undertale in-channel habitat mapping fall key reaches of the Edwaid/akool system,
which could then be combined withe hydraulicmodellingundertaken tedate (see
Watts et al. 2015)o alsofacilitate learning about tis systemand the outcomes being
observed from the use of water.

7. The CEWO andther relevant agencies undertake a review of the 2016 flood and
subsequent hypoxic blackwater event in the Murray system and support further research
into understanding these events, to assist future water management.
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Recommendation 1If there is animminent hypoxic blackwater event during an unregulated
flow and the quality of source water is suitable for an environmental watering actitme
CEWO and otheretevant agenciesin partnership with local landholder and community
representatives shouldtake action to facilitate the earlierelease ofenvironmentalwater
on therising limb of the flood evento create local refugegrior to dissolved oxygen
concentrations fallingoelow 2 mgL™.

Between October and Decemb2016 Commonwealth environmentavatering actions were
undertaken to create local refuge areas by releasing environmental flows from irrigatiaisca
escapesnto the EdwarewWakool systemThe decision making environment was very complex,
as there was community concern that deliveryeaf/ironmental water on the rising limb of the
flood event would have exacerbatélde flooding of private landThus, by the time the
decisionwas taken to deliver environmental wateia MIL irrigation escapgble DO had

already dropped below thgl:* andsomefish deaths had already occurred. Whitsappears

that these watering action§n conjunctionwith community actions to install aators to

create local refugeshay have assisted the survival of some fesdr]ier delivery of
environmental water wold most likely haveesulted in a better outcome.

The Murray Dissolved Oxygen Grougomvenes when DO is around 5 mgHowever, there
is no agreed process for decision makiluging hypoxic blackwater events, partly due to the
complexity of these evda and that the circumstances leading to each event is different.
However,over severabf theseeventsthere have beemeports of crayfish leaving the water 1
2 days prior to the firsteports of fish kills and thisoald be taken as a trigger for immetka
action if circumstances permit.

It is recommended thathte CEWO and other relevant agena@saminethe 2016 eventn the
EdwardWakool systenanddeterminewhat the impact on the hydrograptvould have beerif
they had made on earlier release of envine@ntal water on the rising limb of the flood event.
This would facilitate stakeholder discussion around discussion of ealiéase of
Commonwealth environmental water during a subsequent hypoxic blackwater event during
unregulated flows.

Adaptive managenent: Recommendationl has been partially implemented through the
CEWO commissioning a reviewhgpoxic blackwater events and management actionghe
MDB(CEWO 201)7In addition to therecommendationsn thatreport, a detailed analysis of
the waterdecision process and options for future actions could be undertaken specifically for
the EdwardWakool systento assistfuture decision making during imminent hypoxic
blackwater events.
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Recommendation 2: The installation of a dissolved oxygen loggean@xisting NSW Water
gauge downstream of Yarrawonga and upstream of Barmdlilewa Forest (such as
Tocumwal) should be considered a priority to enable forest managers to more accurately|
determine and understand the influence of upstream floodplain and/tire forest on DO and
DOC levels in the mifurray reach. Consideration should also be given to installing
dissolved oxygen loggeisoth upstream and downstream of other forested areas that may
influence water quality in the EdwardVakool system, includin§Verai Forest.

Commonwealth environmental water is provided to Barmiilewa Forest on an almost

annual basis. During the 2016 event there were a number of questions raised by the
community about the role of the forest as a source of carbon. This inéaxhto a broader
discussion between natural resource management staff and the community about the extent
of the 2016 flood and multiple sources of carbon, including the floodplain and agricultural
land. The installation of a dissolved oxygen logger oretigting Tocumwal gauge may assist
forest and river managers in obtaining data that can show the influence of the floodplain and
the forest on DO and as sources of D{dEXallation of dissolved oxygen loggers, either on
existing NSW Water gaugjer on nev gauges, both upstream and downstream of other
forested areas that influence water quality in the Edwalv@kool system, including Werai
Forest, should be considered
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RecommendatiorB: Implement a second trial of continuous basmvironmentalflows (no
winter cease to flow)during winter 2018in the tributaries of the EdwareWakool system to
promote the temporal availability and continuity of instream habitat to benefit fish and
other aquatic animals and assist the recovery of submerged aquatic planteérsystem.

Under normal operational flows there is a periofino flowduring winter when thevallakool
Creek OfftakeWakoolOfftake, and Colligen Creek Offtalegulators are closednd Stevens
Weir pool is loweredin 2016 CEWO and NSW OEH held dsons with stakeholder groups
(e.g. the MurrayLower Darling EWAG and the Edwaydkool Environmental Water
Reference Grougat resulted in an environmental watering action that createcbatinuous
winter baseflow in Yallakool Creek in 201lhis wagproposed to facilitate the movement of
fishback into the system followintipe hypoxic blakwater event in late 2016. It is also
hypothesised that this wildssist the recovery of submergaduatic plants by preventing the
exposure of rhizomes to frost ardidral animal disturbance during winter.

The 2016 flood was an extreme event and the system will take some time to recover from
that. We recommend that a followp winter base flow be implemented in winter 2018, to
facilitate further movement of native fisback into the system and facilitate a more rapid
response of aquatic plante strengthen the resiliencefdhe system to future droughts or
floods.

Adaptive managementA flow trial has already been implemented in winter of 20CEWO
and NSW OEH hauadertaken thediscussions with various stakeholder groups (e.g. the
Murray-Lower Darling EWAG and the EdwalYdkool Environmental Water Reference Group)
regarding the implementation & winter base flow in 2018, bat final decisiomegarding the
implementation of thathasnot yet been madend will need to take into account maintenance
works planned by WaterNSW on Stevens Weir
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Recommendation4: Trial the delivery of an environmental watering action in the Edward
River downstream of Stevens Weir target goldenperch and silver perch spawning,
supported with appropriate monitoring.

This recommendation was carried forward from the 2dB5annual report (Watts et al. 2016).

Golden perch and silver perch spawning, ogmitude of spawning and recruitmeare

thought to be associated with flow pulséMallen-Cooper and Stuart 2003; Roberts et al.
2008; Zampatti and Leigh 2013he EdwareWakool system is known to support juveniles and
adults of both species (Watts et al. 2014, 2015, 2016, this regurtyever hereis no

evidence to datdo suggesthat spawning in these species occwrishin the smaller

tributaries of the EdwardVakool system.

Recent evidence suggests that golden perch (and likely silver perehistibey operates over
large spatiakcales across the southern connected MurEarling Basin (Zampatti et al. 2014).
The interconnectedness of Edwaid/akool golden perch and silver perch populations will be
addressed under the fish movement component of the Edwafakool LTIM project and
through other concurrent collaborations. However, more information on if, and where, these
species spawn within the Edwatlakool system is required.

Environmental watering actions in the Wakeédllakool systers currently constrained to a
maximum of 600 ML:8land actions of this magnitude (whilst not targeting golden perch and
silver perch spawning) have not triggered spawningijtiner species in this part of the system.
The Edward River mastem is a largeriver and is similar to other larger river systems (e.g.
Goulburn River) where golden perch have been observed to spawn in recent years (Koster et
al. 2014). The Edward River can also receive higher flows than the \WéMtaHlool system as

it does not havdehe same operational constraints as the tributaries. We propose a trial
environmental watering action and monitoring program be implemented in the Edward River
downstream of Stevens Weir targeting perch recruitment. Stevens Weir could be operated to
faciitate the delivery of a managed rise and fall in hydrograph, using results from other river
systems or and available hydrological modelling for the Edward River to guide the
development of a hydrograph during an environmental flow planning workshop.

This ecommendation is similar to recommendation number 8 of Watts et al. (2a1&)
number 4 of Watts et al. (201®ut has not yet been implemented. The current LTIM
Monitoring and Evaluation Plan for the Edwakthkool system does not include monitoring of
fish reproduction in the Edward Rivef.thisflow trial were to be implemented additional
monitoring in the Edward Rivevould be requiredo evaluate the effectiveness of this
watering action.

Adaptive managementThe CEW@as included the provision of agll instream pulse in
some of their watering actions e Wakool River and Yallakool Creek, however this will be
limited by the 600 MLdoperational constraint, and to date no perch spawning has been
recorded.

75



Watts, R.J. et al. (207 Commonwealth Environmental Water Office Long Term Intervention
Monitoring Project: EdwareWakool River SystenSelected Ared&valuationReport, 208-17.

Recommendatiorb: Continue to exploreopportunities to increase the magnitude of
environmental water delivered to the upper Wakool River to achieve ecosystem outcomes
and at the same time facilitate learning about the system

This recommendation was carried forward from the 2dBannual repd (Watts et al. 2016).

Since 2011he majority ofCommonwealth environmeal water inthe WakoolYallakool
systemhas been deliveredia Yallakool Creek, whereas over the same period the delivery of
environmental water to the upper Wakool River has besrall due to the operational
constraint at the confluence of Yallakddteekand the Wakool RiveiThe Commonwealth
environmental water delivered to the upper Wakool system in 2065up to total discharge

of 100 ML.d) had minimal effect on the hydrological and ecological outcomes in that system.
Hydraulic modelling has demonstrated that tredationship between discharge and wetted
benthic area is not linear in this systeMv4tts et al. 201%h There is potential to awiderably
increase the wettedirea in some reachasf the upper Wakool River if environmental water
was delivered at a higher discharge than in 2Q6%ut within the current operational
constraint of 600 ML:4 For example, the total wetted area for melted reaches in the upper
Wakool River increased by an average of 6.1% at discharge of 100 (Mheah compared to
discharge of 50 ML), whereas at 250 ML¥hand 500 ML.d the average increase in wetted
benthic area in the upper Wakool River incread®y 20.2% and 45.5% respectively.

The current operatinal constraint in this system impedt® concurrentdelivery ofa
significantflow pulse to both Yallakool Creek and the upper Wakool River. Hydraulic modelling
has shown that delivering more envinmrental water via the upper Wakool River has the
potential to increase the outcomes in the systddndertaking a trial whereby environmental
water was delivered vithe upper Wakool Rivenstead of Yallakool Creeould facilitate
understanding of respons&o flows in this system by disentangling the confounding factors of
river and flow. If flow is a major contributor to the responses in this system then one would
expect the positive vegetation and water quality responses observed in Yallakool Creek in
2013-14 (Watts et al. 204), 201415 (Watts et al. 2006and 201516 Watts et al. 201pto be
observed in the upper Wakool River if it were to receaMargerenvironmentalflow.

Adaptive managementThe recommendation in the 201¥% EdwareWakool LTIM arumal

report to deliver water via the upper Wakool River was trialled in 208,5and a small volume
of Commonwealth environmental water (up to 100 Mb).avas delivered to the upper Wakod
River. However, this watering action did not produce the expectadasoes. Trialling the

delivery of higher flows via the upper Wakool may result in better outcomes. This would be
difficult to achieve with the current regulator, but could be achieved using a combination pf
the Wakool escape and Wakool regulator.
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Recommendation 6Undertake inchannel habitat mapping for all/key reaches of the
EdwardWakool system, which could then be combined with the hydraulic modelling
undertaken to-date (see Watts et al. 2015) also facilitate learning about this system and
the outcomes being observed from the use of water.

Further learning about this system could be improved by undertaking mappinecbhimel
habitat through key reaches of the Edwandakool system. The use of environmental water in
this system has annualtsirgeted outcomes for larger bodied native fish, particularly Murray
cod. At present there is no assessment to use as a baseline for the amount of available habitat
(such aenchesor refuge holesaquatic macrophyteandlarge woody habitgtthat
contributesto native fish, connectivity and productivity outcomégdapping of such habitat
could be combined with the hydraulic modelling that has been completed under this LTIM
project. This may provide a significant context for the observed outcomes (pastmrand
future) through this project. It would also assist with informing any potential investment in
complimentary measures that would also contribute to the outcomes being sought from the
use of environmental water.

Re®mmendation 7# The CEWO and o#r relevant agencies undertake a review of the 2016
flood and subsequent hypoxic blackwater eveint the Murray systemand support further
research into understanding these events, to assist futwvater management

In 2016, there was a major hypoxic thavater event that resulted in death of many native fish
throughout the Murray River, but particularly in the Edwakthkool system. At the time there
was much community speculation over the reasons for the severity of this event. While there
is considerald knowledge about some aspects of blackwater, there are limitations to our
understanding about these events and how decisions made at a broader scale influence the
water quality in the EdwariiVakool system. Further targeted research is required to underpin
future watering decisions.

Adaptive managemenifhis recommendatiohas been partially implemented through the
CEWO commissioning a review of hypoxic blackwater events and management actions in the
MDB(CEWO 2017)his review recommended the developmerfitan Emergency
Management Plan. However, there does not appear to be a process or coordinated apprpach
to improve the knowledge and science around blackwater events or to target research
guestions to answer the questions that the community has aboutdhesents.
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APPENDDA: WATERQUALITY& CARBON

A.1 Background

The primary driver of water quality in the 2016 sampling season was extensive unregulated
overbank flooding as a result of a particularly wet spring season. This was characterised by hypoxic
blackwater during the latspring period where very high input of organic matter from the floodplain
coincided with increasing water temperatures and oxygen deplgtigypoxia)was widespread

through the southern Murray Darling Basin, including the Edwélekool system.

Blackwaterevents occur when very large quantities of organic matter enter the water in a river or
wetland system and the dissolved portion of the organic matter colours the water a deep brown.
These events may become hypoxic when the circumstances of the evelttinethe consumption

of oxygen by organisms in the water exceeding the odiferoduction by plants and algae and
reaerationfrom the atmosphergMallin et al. 2006 Howitt et al. 2007, Hladyzet al. 2011

Whitworth et al. 2012 Whitworth et al. 2014. Hypoxic events may result in deaths of fish and other
aquatic organisis and are more likely to occur when water temperatures are high or very large
loads of organic matter have accumulated on the floodplaituations which are more likely to
occur where unseasonal flooding occurs in warm months or the river has beenmgsted from

the floodplain for long periodéHowitt et al. 2007 Whitworth et al. 2012Kerret al. 2013 Pasccet

al. 2014.

Not all dark coloured water results in hypoxia or fish kills and it is important to maiotainection
between rivers and their floodplains for the transfer of organic matter and nutrients to support
ecosystemgBaldwin and Mitchell 20Q@aldwinet al. 2016 Nielsenet al. 2016 Robertsoret al.

2016 Wolfendenet al. 2017%. High dissolved organic carbon may be a normal feature of some
catchments where the water is coloured year round or as an argueitas is commno in a number
of Tasmanian catchments, and many rivers internationally may actually be referred to as black or
brownwater catchments e.dMehring et al. 2015 Leechet al. 2016 Vihermaaet al. 2016 Hensley

and Cohen 201)7 Water colour itself, sbuld not be taken as a marker of harm, but it is important to
consider water temperature and dissolved oxygen when high DOC concentrations are present.
Oxygen depletion below 4 mg/L can result in fish and other aguatic organisms experieneing sub
lethal efects and mortdity cam be observed below 2 mgiGehrke 1988Gehrkeet al. 1993 Kinget

al. 2012 Smallet al. 20134.

Historical accounts of fish deaths associated with blackwater have been reported ove
considerable period of time including for the Edward River at Deniliquin (Sydney Mail and New
Souh Wales Advertiser, 23/2/1878)ismore (Argyle Liberal and District Recorder, 15/12/1903),
Campaspe River at EImore (Weekly Times 15/3/1913 and Rivéenadd 24/2/1915), the Murray
River at Murray Bridge and Renmark (Mt Barker Courier and Onkaparinga and Gumeracha Advertiser
15/11/1929) and Kananook Creek, Frankston (Army News, Darwin, Sat 26/2/843xia in
aguatic systems is a problem that receswgorldwide attention and occurs not just in riverine
systemgMehringet al. 2014 Pardo and Garcia 201Basccet al. 2016 Jiet al. 2017 but inlake and
wetland (Bonvillainet al. 2015 Mallin et al. 2019, coastalLeeet al. 2017 Testaet al. 2017 Wang

et al. 2017 and oceanig¢Ahlgrenet al. 2017 Dautovicet al. 2017 areas with complex interacting
causes includingaturalevents but alse@hanges in river flow or coastal mixing, eutrophicatfalyal
blooms) or direct input of urban, agricultural or utrial effluent particulate transport and changes
in water temperature and climate behaviditieri and Gedan 2035
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Blackwater events do occur naturally and while we can try to reduce their frequency and severity it
is not possible to prevent all occurrences. The 2016 event occurmadry rivers within the

Southern MurrayDarling Basin and was associated with record spring ra{Bfateau of

Meterorology, 2017and inundation of areas of the floodplain that had been disconnected from the
river for many years (decades in some are@hig inundation of forested areas, cropping and grazing
lands introduced considerable organic matterthe river systemA range of options for responding

to hypoxic blackwater have been conside(&arret al. 2013 Whitworth et al. 2013 including

dilution flows, created by releasing water from irrigation canal escgp®ssical reaeration of water
using paddle wheels, pumps or regulatory structures; and reaeration and dilution by diversion of
blackwater into shallow of€hannel storages. Whitworth et al. (2013)ncluded that while hof

these strategies have the poteaat to promote reoxygenation of blackwater, in many cases only
localised improvements in DO are expectetie Telease of water from irrigation escapes during
previous blackwater events in the Edwanfakool systenin 2010 and 201Bas been successful for
creating refuges and improving downsam water quality (Watts et al. 2047/ Watts et al 2013).
Downstream water quality improvements are very difficult to generatarirevent of this scale using
environmental water but creation of localised refuges anahll scale improvements asgill

possible.

Dissolved organic matter composition in rivers includes a complex mixture of compounds with very
different properties and variable availability to the microbial population. Nonhumic substances
include relativey simple compounds belonging to recognised groups such as carbohydrates,
proteins, peptides, fats and other low molédar weight organic compoundslowever, the much
larger molecules that make up the category of humic substances (including humic anddidsic

can dominate in many waters and in contrast are poorly characterised (Choudhry 1984). Humic
substances are predominantly derived from the processing of plant residues and can involve
complex chains and aromatic rings which contribute to their sjrgallowbrown colour. Microbial
communities do not respond to all types of organic matter in the same(Balgwin 1999

O'Connelkt al. 2000 Howitt et al. 2008 although it has been shown that bacterial communities can
respond to changes in organic carbon source quite ragilishret al. 1999. The very large,

complex type of organic matter referred to as humic substances has been shown to be less available
to bacterial communities than simpler ndrumic carbonMoran and Hodson 199@&lthough this

can be altered over time with exposure to ultraviolighlt (Moran and Zepp 199 Howitt et al.

2008. These differences in microbial response to different types of organic matter mean that it is
important to consider not just the total amount of dissolved organic matter in the rivers but to
monitor changes in the type of organic matter present. Both atioce and fluorescence spectra
are used to examine the organic matter in this study. As a general guide, absorbance at longer
wavelengths indicates larger, more complex organic mggertilsson and Bergh 1999

Absorbance at a particular wavelength may be increased by increasing concentration of organic
matter or a change in the type of organic matter.

The onset of thénypoxic event triggered additionadonitoring of thewater quality event. The
monitoringwas directed towards preliminary modelling using the Blackwater Intervention
Assessment To@¢Whitworth and Baldwin 201)do provide immediate advice regarding the likely
outcomes of using water releases from irrigation escapes under various scenarios and additional
water qualitysampling. In addition to the regular monthly water quality sampling, this chapter
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includes data from weekly monitoring (OctobBecember) specifically targeting water quality
around four irrigaion escapes wherenwironmental water was released to provitealised refugs

for aguatic species in the vicinity of the escapes. This includes additional sites on the Edward River,
Thule Creek, Niemur River and the Wakool Rillez.use oenvironmentalwater for water quality
targets concentrated on this evertiowever theadditional data associated with irrigation escapes is
presentedfollowinga detailed consideration of the water quality in the broader system in the
context of the floodingThe environmental water delivered during Watering Actions 5 and G€Tab
2.3) was not specificalbargetedtowards the modification of water quality or delivered in a way

that allows comparison between sites that received environmental water and those that did not.
Where possible, the effects of this delivery will be coesd in the context of the recession of the
floodwater and the overall seasonal water quality behaviour. Water quality data is not available to
assess the winter flowsp until June 2016outthe watering action in Yallakool Creek during winter
will be considered in the 20118 report.

This project aims to assess changes to water quality in response to alterations in flow and to
consider changes in both the quantity and type of organic matter present in the system. Specifically,
this work will be addressg the questions below.

A.2 Selected Area Questions

As described above, the relationship between flow and water quality is complex and can be
influenced by how changes in flow influence wetted benthic area, water depth, rate of flow and
connectivity tothe floodplain. Water quality parameters may be affected in different ways due to
the direct effects of changes in flow, or due to interactions between the parameters. In order to
obtain an understanding of the impact of environmental water deliveriethe EdwareWakool
system on the water quality in the Wakool River and Yallakool Creek we monitor a number of
parameters in each site through a combination of continuous logging, spot readings on site and
sample collection for laboratory analysis. Watesatity will generally respond very rapidly to
changes in flow but trends may also develop over a longer period, so the questions below are
considered on a-b year basis.

In 201617 the key question relating to the CEW actions was:

1 What did CommonwealtBnvironmental water contribute to reducing the impact of
blackwater in the system?

The following questions are addressed within the context of the irrigation escapes analysis:

1 What did Commonwealth environmental water contribute to dissolved oxygen
concentations?

1 What didCommonwealth environmental water contribute to nutrient concentrations?

The remaining questions relate to types of watering actions/conditions that were not present in
the systemin 201617:

1 What did Commonwealth environmental water cdbtite to temperature regimes?
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1 What did Commonwealth environmental water contribute to modification of the type and
amount of dissolved organic matter through reconnection with previously dry or
disconnected wthannel habitat?

A.3 Methods

Watertemperature and dissolved oxygen were logged every ten minutes with two loggers located in
each of zones 1, 3 and 4 and one logger in zone 2. Data were downloaded and loggers calibrated
approximately once per month depending on access to survey site @xeeflooding in the system
prevented access to loggers during the flood peaks and this has resulted in some gaps in the data).
Light and depth loggers were also deployed and data were downloaded on a monthly basis. The data
collected by the loggers wasedbto calculate daily average temperature and dissolved oxygen
concentrations for each of the rivers from September 2016 to May 2017. Dissolved oxygen and
temperature data is also presented for the Edward River at Deniliquin and Wakool River at Gee Gee
Bridge and has been sourced from the NSW Department of Primary Industries loggers via the Water
Info websitehttp://waterinfo.nsw.gov.au/

From August to May water samples were collected once per month (sampletdydiigther apart

late in the season) from two sites within each zone, and from Stevens Weir on the Edward River and
the Mulwala Canal. Additional monitoring occurred weekly from 31 October to 12 December to
assess the impact of Commonwealth EnvironmeWater releases from irrigation escapes in the
Edward River, Wakool River, Thule Creek and Niemur River. On all sample dates water quality
parameters (temperature®C), electrical conductivity (mS/cm), dissolved oxygen (%), pH, and
turbidity (NTU)) were masured as spot recordings.

Water samples were processed according to the methods detailed in Watts et al. (2014) to measure:

9 Dissolved Organic Carbon (DOC)

1 Nutrients (Ammonia (NH), filtered reactive phosphorus (FRP), dissolved nitrate + nitrite
(NOx),Total Nitrogen (TN) and Total Phosphorus (TP))

1 Absorbance and fluorescence spectroscopy for organic matter characterisation.

Water samples were filtered through a Q1gh poresized membrane at the time of sampling and

then stored on ice until returned tdhe laboratory. DOC and nutrient samples were frozen and sent

to Monash University for analysis. Carbon characterisation samples were sent to CSU Wagga Wagga
and analysed within a day of returning from the field. Estimates of DOC concentrations based on a
calibration between DOC and absorbance at 250 nm established early in the event were used to
provide rapid feedback on the progress of the blackwater event. Those results were generally within

1 mg/L of the accurate DOC results received later and presémtinis Appendix.

Absorbance scans were collected using a Varian Cary 4000 instrument across a wavelength range of
550 nm to 200 nm (green through to ultraviolet) with a 1 nm step size. Absorbance is a measure of
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light absorbed by the sample and is addthmic scale. An absorbance of 1 indicates that only 10%

of the light of that wavelength is transmitted through the sample. Fluorescence scans were collected
using a Varian Eclipse spectrofluorometer scanning both emission and excitation wavelengyis to g
an excitatioremission matrix. Excitation wavelengths were scanned from 200 to 400 nm with a 10
nm step size and for each excitation wavelength, emission of light®b3@e source was recorded

from 200 nm to 550 nm with a 1 nm step size. Fluoresearsults were corrected for sample
absorption and plotted as contour plofslowitt et al.2008. To correct for drift in the instrument

zero position, each contour plot was scaled by subtrgcthe average emission intensity across the
range 200210 nm for an excitation of 250 nm from all fluorescence intensities (effectively setting

this region of the contour plot to zero on all plots).

An example of a fluorescence contour plot is showRigure A.1. The contour plots have the

excitation wavelength (light shone into the sample) on thexis. On the saxis is the emission
wavelength (light given off by the sample). The intensity of the fluorescence (how much light is given
off, corrected fa absorbance by the sample) is represented by the colours of the contour plot, with
more intense fluorescence represented by the blue end of the scale. The two blue diagonal lines are

artefacts of the technique and will be present in all samykey datais found between these two
lines.

Intensity of fluorescence indicated by colour Reflection lines

400

350

Peaks indicating

7 complex humic

/" and fulvic type
organic matter

300

Excitation (nm)

Emission (nm)
Peak indicating simpler \
aromatic protein type \
organic matter Wavelength of light emitted by sample

Wavelength of light
shone into sample

Figure A.1Sample excitation emission contour plot indicating key features of the data. (Watts et a). 2013

The monitoring results were assessed against the lowland river trigger levels for aquatic ecosystems

in southreast Australia from the ANZECC (2000) water quality guidelines. If the concentration of a

particular water quality parameter exceeds the trigger level or falls outside of the acceptable range,

the guidelines are written with the intention that furth) A y @S a G A3+ GA2y 2F (GKS SO
to establish whether the concentrations are causing ecological harm. Systems may vary in their
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sensitivity to various parameters and therefore exceeding a trigger level is not an absolute indicator

of ecologcal harm. It is quite common for water quality parameters to briefly fall outside of

guideline values during large overbank flowhe ANZECC water quality guidelines do not provide

trigger levels for total organic carbon and dissolved organic carborthaceflects the expectation

GKIFIG GKSNB gAtft 06S €FNBS GFINRIFIGAZ2Y AY GKS Wy2NXYI
ecosystems and also in the chemical and biological reactivity of the mixture of organic compounds

making up the DOC and TOC at aipalar site. Given the variable mak@ of organic carbon, and

the possible range of ecological responses to this mixture, a trigger level for this parameter would

not be appropriate. However, trigger levels are provided for a number of nutrients and énese

discussed below.

A.4 Results
Water Qualityat routine monitoring zones
Dissolved Organic Carbon

Dissolved organic carbon concentrations responded to both the small pulse in August and the large
flood even that occurred latSeptember through t®ecember 2016. Samples collected from the

weir in August have slightly elevated DOC compared to both the canal and the DOC concentrations
measured at the same site during the midiie watering in 2015 (Figure2A There is then a slight

drop inearly Segember, consistent with the fall in the hydrograph. This is also seen in Zone 1 and 2
but the effect is not observed in Zone 3 and 4, most likely due to the timing of the sampling relative
to the time taken for the pulse to transit through the system.e Tdrge flood peak that follows
inundated extensive areas of floodplain (including forested areas, cropping and grazing land and
urban areas) and introduced considerable quantities of DOC into the river system, resulting in
concentrations well above thosaeasured during the algal bloom in Fistay 2016but comparable

to those observed during the 20410l blackwater event that occurred following the millennium
drought (Wats et al. 201@) and the majority of samples during the March 2012 event (A DOC
concentration exceeding 30 mg/L was recorded in the Yallakool during that event) (Watts et al
2013) A small peak in the canal indicates either input of DOC from sources upstream of Yarrawonga
weir, or flood interactions between the water in the river ®ra and water in the canal. In the river
system DOC rose rapidly with the increasing hydrograph and peak concentrations were measured
by early October. While the flood peak occurred later, the further inundation of new floodplain
appears to have sustaingde DOC concentrations for a longer period rather than further increasing
them. Concentrations are generally higher at sampling sites further downstream as the water
continued to collect DOC as it moved through the floodplain. However, it is importaattécthat

from a water quality perspective, in an event such as this, 4 weekly samples are very widely spaced
and it is possible to miss peaks that may have moved through the system between sampling dates.
Other work with different sampling frequency ihis system recorded DOC in zone 4 in excess of 15
mg/L during the flood period and over 20 mg/L further downstream (Watts. &0dlh). DOC

exceeding 20 mg/L is also reported tbe additional monitoring iMhule Creeksee irrigation

escapes section, lb@w), which will contribute to DO€oncentrations in the Wakool downstream of
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Zone 4. DOC was back into the normal range at all but the most downstream sites by 21/11/2016
although the hydrograph was still falling at this point and the DOC continuedvitysiiecrease
through the emainder of the sampling period and remained within the range expected for the
period of the autumn recession flows.

Temperature

Water temperatures have been found to be consistent across all sites for a number of monitoring
seasms. In the large flood event of 2016 a number of data loggers could not be accessed for routine
maintenance and the data record over this period is incomplete. Figure A3 provides water
temperature records for the Edward River at Deniliquin and this is@ggddo be representative of

all sites. During flood events water temperature is a critical parameter, as many processes affecting
water gquality such as rates of microbial respiration, chemical reactions (DOC leetthirage
temperature dependen{Howitt et al. 2007). Water temperatures were rising due sgasonal

effects throughout the flood period, although a number of sharp increases3ad@yrees over a

couple of days occurred during critical periods such as early October when the DOC concentrations
had already reached their peak.

2014-15 I 2015-16 2016-17
201 201 201
15 157 15
- site.code
) .
> canal_site1
\E,qo. 10 104 canal_site2
8 -~ weir_site1
(sl + @+ weir_site2
5 .,/ \Y\ 51 /4\‘\'\. /\MM 5
° /.0 e
01 01 01
> S P PG S Q& & S P @ S Q > D L0 G S Q
R PO F (P & ‘@\ S R R O @ TP R ‘gzﬁ T R F O TP R @fb* S
Sample date
2014-15 2015-16 2016-17
20 201 201
site.code
154 -8~ zone1_site1
. - @ zone1_site5
%‘., -~ zone2_site1
510- © - zone2_site4
Q o i
o zone3_site3
o - ®- zone3_site5
54 ~®- zone4_site1
- ®- zoned4_site5
01 01 01

S QS 0 D O R O DS D RS o O S
\?pch(-oeﬂ F I TP 2 @8\ PRV O F P R w@\ ~ va%ero RPN OR RN ‘@‘\ S

Sample date

Figure & Dissolved organic carbon at source and LTIM sites in-281201516 and 2016L7.
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Dissolved Oxygen

Dissolved oxygen concentrationshinth the Edward River at Deniliquin and the Wakool River at Gee
Gee Bridge show a small dip in dissolved oxygen duriggs following the small unregulated flow

at that time (Figure B Db, c). This is consistent with the small increase in DOC following wetting of
low-lying floodplain and stimulation of productivity within the system. As this first flow occurred
during cod water temperatures, even DOC as high as 10 mg/L at Gee Gee Bridge (Watts et al
2017b) did not result in DO falling to concentrations of concern (below 4 mg/L). However, further
increases in DOC with the onset of the large flood peak, combined with visiter temperatures
resulted in rapid decreases in dissolved oxygen concentrations through late September to reach the
threshold of concern for fish (4 mg/L) at the beginning of October, and then rapid descent into
hypoxia in the first week of October. Rats of Murray Crayfish leaving the watstganto be

received from the 19/10L6 and the first reports of dead fish within 2 days after that (consistent

with previous patterns of observations). With elevated DOC throughout the system by October, the
rapiddecline in DO at both ends of the study system over the same period suggest that increasing
water temperatures were an important factor in this decline, rather than a pulse of already hypoxic
water pushing through from upstream. However, the recoveryissalved oxygen occurs more

rapidly at the upstream site than the downstream site and is dependent on improved water quality
coming in to the system from upstream and moving through, combined with the impact of further
DOC inputs from the floodplain at dostream sitesThe lack of dissolved oxygen loggers in the
Murray River upstream of Barmah forest preveassessment aontributions of the floodplain

further upstream to the hypoxic conditionar{dindirectly the DOC loads) in this report.

FigureA4 presents DO concentrations and the saturated concentration of DO at the LTIM sites,
although the dataset is incomplete during the flood event due to access issues at some sites. The
pattern in DO decline and recovery is consistent between both plots, indécttat the influence of
temperature is not primarily one of changing oxygen solubility, but rather one of the influences
changing rates of oxygen consumption in the system. Zone 1 Site 1 appears to have experienced a
much shorter period of hypoxia thandlother sites (including the Edward River upstream), and
further consideration needs to be given to what was different at this site. It is possible patterns of
water flow allowed for a higher rate of reaeration at this site once the initial pulse of raghifable

DOC had passed through, although this is not reflected in the next logger further downstream. The
rapid recovery of DO through November corresponds with both the decline in water levels (no new
areas being inundated to add further DOC) andaslincrease in the concentrations of chlorophyll

a, suggesting an increase in photosynthesis also contributed to recovering DO concentrations.

During the autumn recession flow period all siteaintainedacceptable water quality. Zone 2 has

the lowest DQroncentrations over this period, consistent with observations in previous years. The
flow in zone 2 was very low over this period and the Commonwealth environmental water released
as part of Watering Actions 5 and 6 may have supported the maintenanceeptable DO over this
period, especially in Zone 2 where flow would otherwise have lea@memelylow.
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Figure /8 Temperature (a), dissolved oxygen and discharge for the Edward River at Deniliquin (b) and Wakool
River at Gee Gee Brid¢e). Data: NSW DPWaterinfo.gov.au.
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Figure Al Dissolved oxyge(DO)concentration and % saturation at LTIM study sites.

Basic water quality parameters

The electrical conductivity of the water at all sites was unaffected by the flood event, remaining low
and consistenwith previous years (Figurébp As has previously been observed, at low flows later in
the season the electrical conductivity in zone 2 increases slightly, most likely an indication of
groundwater intrusionThe last data point represents elevated ECrlyia period with no flow in Zone

2, although this value is still well below the trigger value for this parameter.

The hypoxic blackwater event resulted in a decrease in turbidity at all study sites, compared to normal
patterns for that time of the yeaffFigure A). This is consistent with previous blackwater evetite

water becomes strongly coloured but clarity improves as the high DOC concentrations appear to
encourage patrticles to settle out of the water column. The high concentrations of DOC jgllsim ex

the decrease in pH observed during this peribdC commonly contains organic acids. High rates of
respiration will also decrease the pH of the system as dissolved carbon dioxide is also acidic.
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Figure /& Electrical conductivity, turbidity and plérfLTIM sites and source water over the 2B} 201516
and 201617 sampling seasons.
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