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EXECUTIVE SUMMARY  

This report documents the monitoring and evaluation of ecosystem responses to 

Commonwealth environmental watering in the Edward-Wakool River System Selected Area in 

2016-17. It is the third annual report of the Long Term Intervention Monitoring (LTIM) Project 

(2014-2019) funded by the Commonwealth Environmental Watering Office. This project was 

undertaken as a collaboration among Charles Sturt University, NSW DPI (Fisheries), Monash 

University, NSW Office of Environment and Heritage, La Trobe University and Murray Local 

Land Services. Field sampling for the project was undertaken by staff from Charles Sturt 

University, NSW DPI (Fisheries), and NSW Office of Environment and Heritage. 

This report provides details of the Commonwealth environmental watering actions, indicators 

and an evaluation of the ecosystem responses to flows in the Edward-Wakool Selected Area 

during the 2016-17 watering year. This report evaluates ecosystem responses to: 

1. The large unregulated flow events from August to November 2016 that occurred 

following record-breaking rainfall in parts of the catchment 

2. Environmental watering actions from irrigation canal escapes that commenced in late 

October 2016 and continued until December 2016 to provide refuges from hypoxic 

water for fish and other aquatic biota 

3. Environmental watering actions in Yallakool creek and the Wakool River from January 

2017 to provide flow recession at the end of the unregulated flow event. In Yallakool 

Creek this action continued into late autumn/winter 2017 to maintain base flows 

during winter, when under 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 2016-17 for the Edward-Wakool selected area evaluation were: 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 monitored in only zone three for the basin-scale evaluation. 

No selected area evaluation for the fish community was undertaken in 2015-16 as this is 

scheduled to be monitored in only years 1 and 5 of the project. 

The following responses to the unregulated flood events from August to November 2016 were 

observed in the Edward-Wakool system: 

¶ Extended period of overbank flows that flooded forest, cropping land, grazing and pasture 

lands and increased connectivity through backwaters, flood runners and anabranches 

¶ Increased dissolved organic carbon and nutrients (especially nitrogen and 

phosphorous) and a rapid decrease in dissolved oxygen in October 2016 resulting in 

hypoxia and widespread fish deaths 

¶ Large reduction in the cover and richness of submerged and amphibious plants during 

the flood and an increase in the cover and richness of terrestrial riverbank plants 

following the recession of the flood 
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¶ LƴŎǊŜŀǎŜŘ ƳƻǾŜƳŜƴǘ ƻŦ ƎƻƭŘŜƴ ǇŜǊŎƘ ŀƴŘ ǎƛƭǾŜǊ ǇŜǊŎƘ ƻǾŜǊ мллΩǎ ƻŦ ƪƛƭƻƳŜǘǊŜǎΣ ǿƘƛŎƘ 

was an order of magnitude greater than movements during the preceding months 

¶ 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 

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

¶ Very high biomass of tadpoles and invertebrates observed in nets, providing a source 

of food for native fish and other animals. 

The responses to the environmental watering actions from irrigation escapes to create local 

refuges from hypoxic blackwater differed between sites. The response was influenced by the 

extent to which the environmental water contributed to the river flow. The watering actions 

from the Edward escape and Wakool escape had positive outcomes, improving DO and DOC 

downstream of these escapes. No targeted fish monitoring was undertaken near these escapes, 

however landholders and Fisheries Officers observed fish congregating in the flows from these 

escapes, suggesting the water actions were successful in creating localised fish refuges during 

the hypoxic blackwater conditions. The watering action from the Niemur escape did not result in 

any change in indicators downstream of the escape because the environmental water 

contributed less than 7 % of the total flow in the Niemur River. The watering action at the Thule 

escape was influenced by other localised effects. The watering actions from the Niemur and 

Thule escapes may have provided local refuge habitat for fish and other organisms. 

During the flood recession and winter environmental watering action the water quality was 

maintained within an acceptable range. Compared to fish spawning recorded at 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. However, there were no 

fish recruits of Murray cod, silver perch or golden perch recorded in autumn 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 the flood event. 

The findings underpin recommendations on the timing, duration and magnitude of flow to help 

inform the adaptive management of future environmental flows in this system. In summary, the 

seven recommendations from 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 agencies, in partnership with local landholder and 

community representatives, should 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-1. 

2. The installation of a dissolved oxygen logger on an existing NSW Water gauge 

downstream of Yarrawonga and upstream of Barmah-Millewa 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/or 

the forest on DO and DOC levels in the mid-Murray reach. Consideration should 

also be given to installing dissolved oxygen loggers, both upstream and 
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downstream of other forested areas that may influence water quality in the 

Edward-Wakool system, including Werai Forest. 

3. Implement a second trial of continuous base environmental flows (no cease to 

flow) during winter 2018 in the tributaries of the Edward-Wakool 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 

plants in the system. 

4. Trial the delivery of an environmental watering action in the Edward River 

downstream of Stevens Weir to target golden perch and silver perch spawning, 

supported with appropriate monitoring. This recommendation was carried 

forward from the 2015-16 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 system. This recommendation was 

carried forward from the 2015-16 annual report (Watts et al. 2016). 

6. Undertake in-channel habitat mapping for all key reaches of the Edward-Wakool 

system, which could then be combined with the hydraulic modelling undertaken 

to-date (see Watts et al. 2015) to also facilitate learning about this system and the 

outcomes being 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 water management. 
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1. INTRODUCTION 

 

1.1 Purpose of this report 

The Commonwealth Environmental Water Office (CEWO) has funded a Long-Term Intervention 

Monitoring (LTIM) Project in seven Selected Areas to evaluate the ecological outcome of 

Commonwealth environmental water use throughout the Murray-Darling Basin (MDB). The LTIM 

Project is being implemented over five years from 2014-15 to 2018-19 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 Commonwealth environmental watering in each of the 

seven Selected Areas; 

3. Infer ecological outcomes of Commonwealth environmental watering in areas of the MDB 

that are not 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 in the Edward-Wakool system in 2016-17. It is the third annual report of the 

Long Term Intervention Monitoring (LTIM) Project funded by the Commonwealth Environmental 

Watering Office. This project was undertaken as a collaboration among Charles Sturt University, 

NSW DPI (Fisheries), Monash University, NSW Office of Environment and Heritage, and La Trobe 

University. Field sampling for this project was undertaken by staff from Charles Sturt University, 

NSW DPI (Fisheries) and NSW Office of Environment and Heritage.  

1.2 Structure of this report 

The purpose of this report is to evaluate of ecosystem responses to environmental watering in the 

Edward-Wakool system in 2016-17. This report evaluates ecosystem responses to:  

1. The large unregulated flow events from August to November 2016 that occurred following 

record-breaking rainfall in parts of the catchment 

2. Environmental watering actions that commenced in late October 2016 and continued until 

December 2016 to provide refuges from hypoxic water for fish and other aquatic biota 

3. Environmental watering actions in Yallakool creek and the Wakool River from January 2017 

to provide flow recession at the end of the unregulated flow event. In Yallakool Creek this 

action continued during late autumn/winter 2017 to maintain base flows during winter, 

when under 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. 
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This report has 13 sections that provide an overview of results, with more detailed results and 

analyses provided in four appendices. This introduction (section 1) is followed by a description of the 

Commonwealth environmental water use objectives and watering actions for this system for 2016-

17 (section 2) and an overview of the monitoring and evaluation undertaken in this system for the 

LTIM project (section 3). Summaries of the evaluation of responses of each indicator to 

Commonwealth environmental watering and flooding in 2016-17 are presented in sections four to 

eleven; hydrology (section 4), water quality and carbon (section 5), stream metabolism (section 6), 

riverbank and aquatic vegetation (section 7), fish movement (section 8), fish spawning (section 9), 

fish recruitment (section 10) and fish community (section 11). A synthesis of the results (section 12) 

underpins recommendations to help inform adaptive management of environmental water in this 

system in the future (section 13). Detailed descriptions of results and analyses are provided in 

technical appendices: Water quality and carbon (Appendix A), Stream metabolism (Appendix B), 

Riverbank and aquatic vegetation (Appendix C), and Fish (Appendix D). 

1.3 Edward-Wakool Selected Area 

The Edward-Wakool system is a large anabranch system of the Murray River in the southern MDB, 

Australia. The system begins in the Millewa Forest and travels north and then northwest before 

discharging back into the Murray River (Figure 1.1). It is a complex network of interconnected 

streams, ephemeral creeks, flood-runners and wetlands including the Edward River, Wakool River, 

Yallakool Creek, Colligen-Niemur Creek and Merran Creek. Under regulated conditions flows in the 

Edward River and tributaries remain within the channel, whereas during high flows there is 

connectivity between the river channels, floodplains and several large forests including the Barmah-

Millewa Forest, Koondrook-Perricoota Forest and Werai Forest (Figure 1.1). 

 
Figure 1.1 Map showing the main rivers in the Edward-Wakool system. (Source: Watts et al. 2013) 
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The Edward-Wakool system plays a key role in the operations and ecosystem function of the Murray 

River and the southern MDB. Some of the water released from Hume Dam is diverted from the 

Murray River through the Edward-Wakool system to avoid breaching operational constraints in the 

mid-Murray River. The Edward-Wakool 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 areas for fish and other aquatic organisms, and adult fish regularly 

move between this system and other parts of the Murray River. As some of the rivers in the Edward-

Wakool system have low discharge (compared to the Murray River) there is a risk of poor water 

quality developing in this system, particularly during warm periods or from floodplain return flows. 

Maintaining good water quality in the Edward-Wakool 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 many rivers of the MDB, the flow regimes of rivers in the Edward-Wakool system have been 

significantly altered by river regulation (Green 2001; Hale and SKM 2011). Natural flows in this 

system are strongly seasonal, with high flows typically occurring from July to November. Analysis of 

long-term modelled flow data show that flow regulation has resulted in a marked reduction in 

winter high flows, including extreme high flow events and average daily flows during the winter 

period (Watts et al. 2015b). There is also an elevated frequency of low to median flows and reduced 

frequency of moderate high flows. These flow changes reflect the typical effects of flow-regime 

reversal observed in systems used to deliver dry-season irrigation flows (Maheshwari et al. 1995). 

The Edward-Wakool system has experienced a wide range of flow and water quality conditions over 

the past 15 years, and these antecedent conditions influence the way in which the ecosystem 

responds to Commonwealth environmental watering. 

From 1998 to 2010 south-eastern Australia experienced a prolonged drought (known as the 

Millenium drought) and flows in the MDB were at record low levels (van Dijk 2013; Chiew et al. 

2014). During this period the regulators controlling flows from the Edward River into tributary rivers 

such as Yallakool Creek and the Wakool River were closed for periods of time. Consequently, 

between February 2006 and September 2010 there were periods of minimal or no flow in the 

Wakool River. During this period localised fish deaths were recorded on a number of occasions 

including in 2006 and 2009. At the break of the drought after many years without overbank flows, a 

sequence of unregulated flow events between September 2010 and April 2011 triggered a 

widespread hypoxic (low oxygen) blackwater event in the mid-Murray River (MDBA 2011; Whitworth 

et al. 2012). This hypoxic blackwater event resulted in the loss of many thousands of native fish, 

including large individuals of Murray cod (King et al. 2012; Whitworth et al. 2012; Watts et al. 

2017a). Another hypoxic blackwater event occurred in the system in 2012. 

From late February to May 2016 there was a widespread bloom of the cyanobacteria Chrysosporum 

ovalisporum through the Murray River catchment that originated upstream of Yarrawonga Weir. The 

sharp increase in DO observed at the onset of the bloom was a result of the high rates of 

photosynthesis leading to oversaturation of the water column during the day. However, hypoxia was 
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not observed following the collapse of the bloom as the bloom decreased gradually in cold water 

conditions (Watts et al. 2016).  

In late 2016 there was a widespread flood in the southern-MDB associated with record-breaking 

rainfall in parts of the catchment (http:// www.bom.gov.au/climate/current/annual/aus/2016/). 

Some areas of the floodplain were inundated that had not been flooded for more than 20 years. 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 since 1993 (MDBA River Murray 

Weekly Report, 7th Dec). The unregulated flows from the Murray River inundated the floodplain 

including Barmah Forest and KoondrookςPerricoota Forests (Figure 1.1) and agricultural land, and 

resulted in a very large flood event in the Edward-Wakool system (BOM 2017). In association with 

the floods there was a hypoxic blackwater event that extended throughout the Murray River system, 

including the Edward-Wakool system. As a result of the flood, some of the environmental watering 

actions planned for the Edward-Wakool system in 2016-17 were not implemented, and other 

watering actions were undertaken. Section 2 includes an overview of previous Commonwealth 

environmental watering actions from 2010 ς 2016, with details of Commonwealth watering actions 

in the Edward-Wakool River system in 2016-17.   
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2. COMMONWEALTH ENVIRONMENTAL WATER USE 
OBJECTIVES AND WATERING ACTIONS IN THE EDWARD-
WAKOOL SYSTEM 2016-17 

 

2.1 Practicalities of environmental watering in the Edward-Wakool system 

The main source of Commonwealth environmental water for the Edward-Wakool system is from the 

Murray River through the Edward River and Gulpa Creek. During high flow events in the Murray 

River, water can also flow from the Murray River through Koondrook-Perricoota Forest and into the 

Wakool River via Thule and Barber Creeks. The 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 weir pool 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 Canal from Lake Mulwala can also be delivered into the Edward-

Wakool syǎǘŜƳ ǘƘǊƻǳƎƘ ΨŜǎŎŀǇŜǎΩ or outfalls managed by the irrigator-owned company Murray 

Irrigation Limited (MIL). During a hypoxic blackwater event in 2010, water was released from three 

Mulwala Canal escapes to lessen the impact of hypoxia and create localised refugia with higher DO 

and lower DOC (Watts et al. 2017a). In addition there 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 Edward-Wakool system 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:  

¶ the capacity of the off takes / regulators and irrigation escapes 

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

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

¶ existing flows and other demands on the system.  

Delivery of instream flows to the Edward River, Wakool River, Yallakool Creek, Colligen Creek, 

Niemur River and Merran River system are managed within regular operating ranges as advised by 

river operators to avoid third party impacts. For example, in the Wakool-Yallkool system the 

operational constraint is 600 ML d-1 at the confluence of the Wakool River and Yallakool Creek. Thus, 

the types of flow components that can be achieved with environmental releases under current 

operating ranges are in-channel baseflows and freshes (Gawne et al. 2013). Environmental watering 

may also be constrained due to the limitations on how much water can be delivered into the 

Edward-Wakool system under regulated conditions. At times of high irrigation demand channel 

capacity will be shared with 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 periods to provide refuge habitat, or delivered to manage water quality issues, such 

as algal blooms or hypoxic blackwater events (Gawne et al. 2013; Watts et al. 2017a). 
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2.2 Summary of Commonwealth environmental watering actions 2010 - 2017 

Commonwealth environmental watering actions have occurred in the Edward-Wakool system since 

2010 (Table 2.1, Figure 2.1). Between 2010 and 2016 Commonwealth environmental watering 

actions delivered base flows and freshes, contributed to the recession of flow events, delivered 

water from irrigation canal escapes to create local refuges during hypoxic blackwater events, and 

contributed to flows in ephemeral watercourses (Table 2.1). Many of the watering actions in 

ephemeral creeks were undertaken jointly with NSW OEH. One Commonwealth watering action in 

2009-10 for Werai State Forest (DEE 2017) was undertaken to deliver environmental water to 

Edward-Wakool forests (Table 2.1). To date it has 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).  

The 2016-17 water year was the first time in which a watering action was undertaken to maintain 

winter base flows 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 targeted for the Edward-Wakool system, water from 

upstream Commonwealth environmental watering actions and actions that are targeted for 

downstream watering actions transit through the Edward-Wakool system in some years. For 

example, in 2015-16 environmental water returning from Barmah-Millewa Forest influenced the 

hydrograph in the Edward-Wakool system (Watts et al. 2016).  

Table 2.1 Summary of Commonwealth environmental watering actions in the Edward-Wakool system from 
July 2010 to June 2017. More detailed information about environmental watering in the mid-Murray 
catchment is available from the CEWO website (Department of the Environment and Energy 2017) 

  Type of environmental watering action  

 In-channel flows  Watering from irrigation 
infrastructure 

 Overbank 
flows 

Water  
Year 

Base flows 
and small 
freshes 

Contribute 
to flow 

recession  

Maintenance 
of winter 

base flows 

Larger 
within 

channel 
freshes1 

Flows from canal 
escapes during 

hypoxic 
blackwater events 

Flows in 
ephemeral 

watercourses2 

 Watering 
Forests 

2009-10         V 

2010-11      V V   

2011-12 V      V   

2012-13 V     V V   

2013-14 V V     V   

2014-15 V V     V   

2015-16 V V     V   

2016-17 V V V   V V   

1 Delivery of larger within channel freshes to the Wakool River and Yallakool Creek is not possible under current 
operational constraints (e.g. constrained to 600 ML/d at the confluence of the Wakool River and Yallakool Creek). 
2 Some of the watering actions in ephemeral creeks done jointly with NSW Office of Environment and Heritage 
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Figure 2.1 Daily discharge (ML.d-1) in Yallakool Creek (gauge 409020 Yallakool Creek @ Offtake) from 2000 to 
2017. There were periods of no flows and several unregulated flows between 2010 and 2016. Commonwealth 
environmental watering actions between 2010 and 2016 are shown in green shading with red arrows 
indicating periods when environmental water was delivered from irrigation canal esacpes during hypoxic 
blackwater events. There is an operational constraint of 600 ML d-1 downstream of the confluence of Yallakool 
Creek and the upper Wakool River. Daily discharge data was obtained from NSW Office of Water website. 

 

2.3 Watering priorities for the Mid Murray in 2016-17 

The Murray ς Lower Darling Environmental Watering Priorities Statement 2016ς17 (OEH 2016) states 

that for the Edward-Wakool system the priority in 2016-17 is to build on previous outcomes from the 

use of environmental flows (particularly the maintenance of in-stream native aquatic vegetation and 

habitat for native fish) and the target timing was springςautumn. The Portfolio Management Plan: 

Mid-Murray Region 2016-17 (CEWO 2016) sets out the plans for managing within a multi-year context 

the Commonwealth environmental water portfolio in the Mid-Murray Region for 2016ς17. It outlines 

water delivery scenarios, carryover potential and trade options to optimise water use across water 

years and to maximise environmental outcomes across the MDB. 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 Table 2.2. The objectives and targeted outcomes for water-dependent 

ecosystems will continue to be revised as part of the /9²hΩǎ commitment to adaptive management. 

The Portfolio Management Plan: Mid-Murray Region 2016-17 (CEWO 2016) and in the Water Use 

Minute 10054, the 2016-17 Commonwealth environmental water use in the Edward-Wakool system 

was expected to contribute to achieving the following expected outcomes: 

¶ 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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¶ maintain habitat quality in ephemeral watercourses 

¶ support mobilisation, transport and dispersal of biotic and abiotic material (e.g. sediment, 

nutrients and organic matter) through longitudinal and lateral hydrological connectivity 

¶ support inundation of low-lying wetlands/floodplains habitats within the system 

¶ maintain health of riparian and in-channel aquatic native vegetation communities 

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

¶ maintain ecosystem and population resilience through supporting ecological recovery and 

maintaining aquatic habitat. 

CEWO (2016) also states that in consideration of the expected outcomes and outcomes achieved by 

similar watering actions undertaken previously, it is expected that the following further improvements 

to the targeted assets will occur: 

¶ improved capacity to maintain connectivity, both within the Edward-Wakool system and 

between the Edward-Wakool and the wider Murray system. This will provide opportunities for 

native fish to move and spawn. 

¶ improved capacity to maintain native vegetation condition (riparian and in-channel), and 

improved habitat condition to support frogs and other native fauna, including invertebrates. 

¶ improved capacity to maintain water quality and mitigation of poor water quality should a 

hypoxic water event occur. 

¶ while return flows cannot currently be accounted for in NSW, environmental water delivered 

through the Edward- Wakool system that returns to the River Murray will contribute to improved 

capacity to maintain outcomes downstream. 

 

During the planning phase in early 2016 the CEWO was considering supplying environmental water 

to the following actions for 2016ς17: 

Edward-Wakool System 2016-17 (options 3a ς 3c)(from CEWO, 2016) 

¶ Permanent Waterways: The purpose of watering events would be to maintain in-stream habitat, 

particularly aquatic vegetation and areas supporting the various life stages of native fish. 

Environmental water use is most likely to contribute to in-channel 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. 

¶ Ephemeral waterways and wetlands: The purpose of watering events would be to maintain 

ephemeral in-stream and wetland habitat, particularly water quality, aquatic vegetation and areas 

supporting the various life stages of native frogs, birds and aquatic invertebrates. 

¶ Edward-Wakool forests: The purpose of watering events would be to protect or maintain vegetation 

health and to contribute to hydrological connectivity and nutrient/carbon cycling processes. 
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Table 2.2 Summary of outcomes being targeted by environmental watering in the Mid Murray Region (from CEWO 2016) 

BASIN-WIDE 
OUTCOMES 

(Outcomes in red 
link to the Basin-

wide environmental 
watering strategy, 

MDBA 2014) 

EXPECTED OUTCOMES FOR MID MURRAY ASSETS 

IN-CHANNEL ASSETS OFF-CHANNEL ASSETS 

River Murray from 
Hume Dam to Euston 

Edward-Wakool 
River System 

Gunbower Creek Barmah -Millewa 

Forest 

Gunbower -

Koondrook -

Perricoota Forest 

Edward-Wakool Forests 
(e.g. Werai, Neimur) 

Central Murray 
off-channel 

wetlands and 
ephemeral 

creeks 

VEGETATION Maintain riparian and in-channel vegetation condition. 
Increase periods of growth for non-woody vegetation communities 

that closely fringe or occur within river channels. 

Maintain the current extent of water-dependent vegetation near river 
channels and on low-lying areas of the floodplain. 

Improve condition of black box, river red gum and lignum shrublands. 
Improve recruitment of trees within black box and river red gum 

communities. 
Increased periods of growth for non-woody vegetation communities 
that closely fringe or occur within the creek channels, and those that 

form extensive stands within wetlands and low-lying floodplains 
including moira grassland in BarmahςMillewa forests. 

Maintain and 
improve 

condition of 
wetland 

vegetation. 

WATERBIRDS Provide habitat and food sources to support waterbird survival and recruitment, and maintain condition and current species diversity. 

 Complete naturally triggered colonial bird breeding events.  

FISH Provide flows to support habitat (including longitudinal 
connectivity and bench inundation) and food sources and promote 
increased movement/dispersal, recruitment and survival/condition 

of native fish. 

Provide flows to support habitat and cues for increased movement, recruitment and 
survival/condition of native fish (particularly for floodplain specialists). 

INVERTEBRATES Provide habitat to support increased microinvertebrate and macroinvertebrate survival, diversity, abundance and condition. 

OTHER 
VERTEBRATES 

Provide habitat to support survival, maintain condition and provide recruitment opportunities for frogs and turtles. 

CONNECTIVITY Maintain lateral connectivity through contributing to an increase in the frequency of freshes, bankfull and lowland floodplain flows. 

Maintain baseflows and increase overall flows in the River Murray. 
Maintain longitudinal connectivity along the River Murray to fulfil 
important environmental functions, such as nutrient and sediment 

transport, organism dispersal and water quality. 

Maintain connectivity through creeks and anabranches, thereby enhancing connectivity 
and functioning through the length of the River Murray. 

PROCESSES Increase primary 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 events (e.g. blackwater). 
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 (2014); Department of the Environment (2014); Department of the Environment (2011a-d); MDBA (2012a-f); DELWP (2015)  
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2.4 Commonwealth watering actions in Edward-Wakool River system 2016-17 

 

Changes to initial 2016-17 watering plans 

Widespread flooding in south-eastern Australia in 2016 resulted in a hypoxic (low dissolved oxygen, 

DO) blackwater (high dissolved organic carbon) event affecting a large area of the southern MDB. In 

response to this event the Commonwealth environmental watering plan to deliver base flows and 

freshes to the Edward-Wakool system in spring 2016 was no longer appropriate. Thus the objectives 

previously outlined in Water Use Minute 10054 were altered. 

 

Environmental watering actions implemented in 2016-17 

There were eight environmental watering actions in the Edward-Wakool system in 2016-17 (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 newspaper placements.  

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

system there was evidence that DO was low at many sites in the system. There was concern that 

prolonged low DO would result in death of aquatic fauna, similar to the event in 2010 (Watts et al. 

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

ŦǊƻƳ ƛǊǊƛƎŀǘƛƻƴ Ŏŀƴŀƭǎ Ǿƛŀ ǊŜƎǳƭŀǘƛƴƎ ǎǘǊǳŎǘǳǊŜǎ όΨƛǊǊƛƎŀǘƛƻƴ Ŏŀƴŀƭ ŜǎŎŀǇŜǎΩύ ƛƴǘƻ ǘƘŜ 9ŘǿŀǊŘ-Wakool 

system were considered. The Murray Dissolved Oxygen Group, Edward-Wakool Operations Advisory 

Group, and the Edward-Wakool Environmental Water Reference Group met frequently by 

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

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

broader community were regularly consulted with respect to watering decisions.  

Between October and December 2016 Commonwealth environmental watering actions were 

undertaken to create local refuge areas by releasing environmental flows from irrigation canals 

escapes into the Edward-Wakool system (Table 2.3). These watering actions were completed by the 

end of December 2016. Watering actions 1, 2, 3 (Table 2.3) to provide refuges from hypoxic water 

between October and December 2016 were evaluated in this 2016-17 Edward-Wakool LTIM report. 

Watering actions 5 and 6 (Table 2.3) occurred during autumn to provide a longer flow recession at 

the end of the unregulated flow event. In addition, watering action 6 (Table 2.3) was implemented in 

Yallakool Creek in late autumn and winter to create continuity in base flows 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 flows. These watering actions 

aimed to improve links with other parts of the river system. The winter watering actions commenced 

after the monitoring for fish larvae and fish recruitment had been completed for 2016-17 watering 

year. Thus, the winter watering action was not able to be evaluated for all of the indicators in this 

report (see Table 3.3). The winter watering action was not completed in the 2016-17 watering year, 

but continued into July/August 2017. Thus the winter watering action will be only partly evaluated in 

this 2016-17 report, but will be fully evaluated in the 2017-18 annual LTIM report. 
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Table 2.3  Watering actions in the Edward-Wakool system in 2016 as described in planning documents, from the Water Use Minute for the hypoxic backwater flows and from 
updates and newspaper placements. Actions 1, 2, 3 (shaded in grey) were evaluated in this report. Some aspects of watering actions 5 and 6 (shaded in grey) were evaluated. 
However the winter watering actions that continued into July and August 2017 will be fully evaluated in the 2017-18 annual report. 

Action 
# 

Water Use 
Minute 

Asset Primary Objectives Other Objectives Volume 
(ML) 

Start Date End Date 

1 WUM10054-03 Wakool 
River 

To provide refuges from hypoxic water for fish and other aquatic 
biota.  
Escape flows for hypoxic water refuge at the Thule, Wakool and other 
minor Wakool Escapes, with flows of up to 40, 500 and 45 ML/d 
respectively.  

- 29,306.6
3 

31/10/2016 31/12/2016 

2 WUM10054-04 Edward 
River 

To provide refuges from hypoxic water for fish and other aquatic 
biota. Staged approach up to 2,400 ML/d from Edward Escape. Flows 
to decrease by 300ML/d from 2/12/2016-8/12/2016 due to increases 
in upstream DO. 

- 74,822.7 24/10/2016 08/12/2016 

3 WUM10054-05 Colligen-
Neimur 

To provide refuges from hypoxic water for fish and other aquatic 
biota 

- 3,240.67 17/10/2016 16/12/2016 

4 WUM10054-06 Colligen-
Neimur 

Prevent a rapid return to base flows following the hypoxic event. 
Year 2 of 3 using CEW to determine if using longer recessions to flows 
promotes the recovery of in-stream aquatic vegetation in the 
Colligen-Niemur system (as observed in Yallakool-Wakool system) 
 
Autumn pulse and recession also to assist with movement of juvenile 
native fish. To provide flows to native vegetation that may occur 
higher on the channel/bank. 
 
Winter flows aim to: 
ω ǇǊƻǾƛŘŜ ƳƻǊŜ ǊŜŦǳƎŜ ŀǊŜŀǎ ŦƻǊ ƧǳǾŜƴƛƭŜ ŀƴŘ ǎƳŀƭƭ ŦƛǎƘ ǘƻ ŦƛƴŘ ŦƻƻŘ 
and avoid being eaten by bigger fish 
ω ƪŜŜǇ ŀŘǳƭǘ ŦƛǎƘ ŀƴŘ ǿŀǘŜǊ Ǉƭŀƴǘǎ ƛƴ ƎƻƻŘ ŎƻƴŘƛǘƛƻƴ ōŜŦƻǊŜ ǎǇǊƛƴƎ 
arrives 
ω ǊŜƛƴǎǘŀǘŜ ǇŀǊǘ ƻŦ ǘƘŜ Ŧƭƻǿǎ ǘƘŀǘ ǿƻǳƭŘ ƘŀǾŜ ƻŎŎǳǊǊŜŘ ƴŀǘǳǊŀƭƭȅ 
(before dams) during winter-spring 
ω ƛƳǇǊƻǾŜ ƭƛƴƪǎ ǿƛǘƘ ƻǘƘŜǊ ǇŀǊǘǎ ƻŦ ǘƘŜ ǊƛǾŜǊ ǎȅǎǘŜƳ 
ω ŀƭƭƻǿ Ƴƻǎǘ ƻŦ ǘƘŜ ōŀƴƪǎ ƛƴ ǘƘŜ ǿŜƛǊ Ǉƻƻƭ ŀƴŘ ŀƭƻƴƎ ǘƘŜ ŎǊŜŜƪǎ ŀƴŘ 
rivers to dry. 

To provide variability to 
flows and determine 
how the shape of the 
hydrograph and 
variability it provides 
can be maintained into 
the lower Niemur. 
 
To provide steady flow 
rates during fishing 
events so that flows do 
not impact adversely 
on fishing conditions 

21,542 01/01/2017 30/06/2017 
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5 WUM10054-07 Wakool 
River 

Prevent a rapid return to base flows following the hypoxic event. 
To provide recessions to flows of a rate and duration that contributes 
to ongoing recovery of instream in-stream aquatic vegetation. 

 TBC 
(Accounted 

as 
Yallakool 

flows) 

01/01/2017 30/06/2017 

6 WUM10054-08 Yallakool 
Creek 

Prevent a rapid return to base flows following the hypoxic event. 
To provide recessions to flows of a rate and duration that contributes 
to ongoing recovery of instream in-stream aquatic vegetation. 
Autumn pulse and recession also to assist with movement of juvenile 
native fish 
To influence different changes in river rises that may contribute to 
silver perch spawning,  
To provide a number of peaks at a time when water temperature is 
suitable for silver perch spawning. 
To determine if river level rises timed with periods of 23°C water 
temperature and no moon (dark night sky conditions) has any 
influence on silver perch spawning response. 
 

To provide steady flow 
rates during the fishing 
events so that flows do 
not impact adversely 
on fishing conditions. 
To determine ability to 
deliver flows at a 
specific time and place 
To determine how the 
shape of the 
hydrograph can be 
maintained into the 
lower Wakool (Gee 
Gee Bridge to Stoney 
Crossing) 

30,351 01/01/2017 30/06/2017 

   Winter flows aim to: 
ω ǇǊƻǾƛŘŜ ƳƻǊŜ ǊŜŦǳƎŜ ŀǊŜŀǎ ŦƻǊ ƧǳǾŜƴƛƭŜ ŀƴŘ ǎƳŀƭƭ ŦƛǎƘ ǘƻ ŦƛƴŘ ŦƻƻŘ 
and avoid being eaten by bigger fish 
ω ƪŜŜǇ ŀŘǳƭǘ ŦƛǎƘ ŀƴŘ ǿŀǘŜǊ Ǉƭŀƴǘǎ ƛƴ ƎƻƻŘ ŎƻƴŘƛǘƛƻƴ ōŜŦƻǊŜ ǎǇǊƛƴƎ 
arrives 
ω ǊŜƛƴǎǘŀǘŜ ǇŀǊǘ of the flows that would have occurred naturally 
(before dams) during winter-spring 
ω ƛƳǇǊƻǾŜ ƭƛƴƪǎ ǿƛǘƘ ƻǘƘŜǊ ǇŀǊǘǎ ƻŦ ǘƘŜ ǊƛǾŜǊ ǎȅǎǘŜƳ 
ω ŀƭƭƻǿ Ƴƻǎǘ ƻŦ ǘƘŜ ōŀƴƪǎ ƛƴ ǘƘŜ ǿŜƛǊ Ǉƻƻƭ ŀƴŘ ŀƭƻƴƎ ǘƘŜ ŎǊŜŜƪǎ ŀƴŘ 
rivers to dry. 

   

7 WUM10054-09 Merran 
Creek 

Promote fish movement and connectivity between the Murray and 
the lower-Wakool 

 1,107 16/02/2017 28/03/2017 

8 WUM10054-10 Tuppal 
Creek 

Improvement in the ecological condition of the creek with an increase 
in canopy cover of stressed riparian vegetation, provision of 
connectivity between pools and the Edward River, and improved 
water quality. 

- 1,320 30/03/2017 15/05/2017 
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3. MONITORING AND EVALUATION 

 

3.1 Monitoring zones and sites 

The monitoring of ecosystem responses to Commonwealth environmental watering in the 

Edward-Wakool system in 2016-17 was undertaken following the Edward-Wakool Long-Term 

Intervention Monitoring and Evaluation Plan (Watts et al. 2014). Where modifications to the 

monitoring design occurred due to the unregulated flooding in the system in late 2016, or for 

any other circumstances, these are outlined in chapters 5 to 11 and the appendices of this 

report. 

The majority of the monitoring in the Edward-Wakool LTIM Selected Area is focussed on four 

hydrological zones: Yallakool Creek (zone 1), the upper Wakool River (zone 2) and mid reaches 

of the Wakool River (zones 3 and 4) (Figure 3.1, Table 3.1). Zones one to four are referred to as 

the focal zone. The reaches in zones 1 and 2 are generally more constrained, have steeper 

riverbanks and fewer in-channel geomorphic features (e.g. benches) than many of the reaches 

in zones 3 and 4 (Figure 3.2).  

Additional sites throughout the Edward-Wakool system are monitored for fish movement 

(Figure 3.3). Fish populations are also surveyed at sites throughout the system in years 1 

(2014-15) and 5 (2018-19) of the LTIM program, so will not be included in this 2016-17 annual 

report.  

In this report we also present data from additional water quality monitoring commissioned by 

CEWO to be undertaken in November and December 2016 to assess the responses to the 

delivery of Commonwealth environmental water through Murray Irrigation Limited canal 

escapes. Sites for this additional monitoring were located in the Edward River upstream and 

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 (Figures 3.4, to 3.7). Water 

samples were also collected within the irrigation canal at all four of these irrigation escape 

sites. 
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Figure 3.1 Location of monitoring sites for the Edward-Wakool Selected Area for the Long-Term Intervention Monitoring (LTIM) Project. Zones one to four are referred to 
as the focal zone for the Edward-Wakool project. Hydrological gauges are located in Yallakool Creek just upstream of site 01_01 (gauge 409020, Yallakool Creek at offtake), 
Wakool River zone 2 just upstream of site 02_01 (gauge 409019, Wakool River offtake), and in the Wakool River zone 4 at site 04_01 (gauge 409045, Wakool River at 
Wakool-Barham Road). The Wakool escape is located close to site 21_01. Site names are listed in Table 3.1..
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Table 3.1. List of site codes and site names for sites monitored for the Long term Intervention 
Monitoring Project in the Edward-Wakool Selected Area.  

Zone Name Zone Site Code Site Name 

Yallakool Creek 01 EDWK01_01 Yallakool/Back Ck Junction 
Yallakool Creek 01 EDWK01_02 Hopwood 
Yallakool Creek 01 EDWK01_03 Cumnock 
Yallakool Creek 01 EDWK01_04 Cumnock Park 
Yallakool Creek 01 EDWK01_05 Mascott 
Yallakool Creek 01 EDWK01_06 Widgee, Yallakool Ck 
Yallakool Creek 01 EDWK01_07 Windra Vale 
Upper Wakool River 02 EDWK02_01 Fallonville 
Upper Wakool River 02 EDWK02_02 Yaloke 
Upper Wakool River 02 EDWK02_03 Carmathon Reserve 
Upper Wakool River 02 EDWK02_04 Emu Park 
Upper Wakool River 02 EDWK02_05 Homeleigh 
Upper Wakool River 02 EDWK02_06 Widgee, Wakool River1 
Upper Wakool River 02 EDWK02_07 Widgee, Wakool River2 
Mid Wakool River (upstream Thule Creek) 03 EDWK03_01 Talkook 
Mid Wakool River (upstream Thule Creek) 03 EDWK03_02 Tralee1 
Mid Wakool River (upstream Thule Creek) 03 EDWK03_03 Tralee2 
Mid Wakool River (upstream Thule Creek) 03 EDWK03_04 Rail Bridge DS 
Mid Wakool River (upstream Thule Creek) 03 EDWK03_05 Cummins 
Mid Wakool River (upstream Thule Creek) 03 EDWK03_06 Ramley1 
Mid Wakool River (upstream Thule Creek) 03 EDWK03_07 Ramley2 
Mid Wakool River (upstream Thule Creek) 03 EDWK03_08 Yancoola 
Mid Wakool River (upstream Thule Creek) 03 EDWK03_09 Llanos Park1 
Mid Wakool River (upstream Thule Creek) 03 EDWK03_10 Llanos Park2 
Mid Wakool River (downstream Thule Creek) 04 EDWK04_01 Barham Bridge 
Mid Wakool River (downstream Thule Creek) 04 EDWK04_02 Possum Reserve 
Mid Wakool River (downstream Thule Creek) 04 EDWK04_03 Whymoul National Park 
Mid Wakool River (downstream Thule Creek) 04 EDWK04_04 Yarranvale 
Mid Wakool River (downstream Thule Creek) 04 EDWK04_05 Noorong1 
Mid Wakool River (downstream Thule Creek) 04 EDWK04_06 Noorong2 
Mid Wakool River (downstream Barbers Creek) 05 EDWK05_01 La Rosa 
Mid Wakool River (downstream Barbers Creek) 05 EDWK05_02 Gee Gee Bridge 
Mid Wakool River (downstream Barbers Creek) 05 EDWK05_03 Glenbar 
Lower Wakool River 06 EDWK06_01 Stoney Creek Crossing 
Colligen Creek 08 EDWK08_01 Calimo 
Colligen Creek 08 EDWK08_02 Werrai Station 
Upper Neimur River 09 EDWK09_01 Burswood Park 
Upper Neimur River 09 EDWK09_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 Billabong Ck 
Lower Edward River 14 EDWK14_01 Moulamien DS Billabong Ck 
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 Weir1 
Edward River, Stevens weir 20 EDWK20_02 Weir2 
Mulwala canal 21 EDWK21_01 Canal1 
Mulwala canal 21 EDWK21_02 Canal2 
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Prior to flood (1 Aug 2016)                Recession of flood Nov 2016                             May 2016 
     e-watering from Wakool escape e-watering Yallakool Creek 

.   
Yallakool Creek 1/8/16, 422 ML.d-1           29/11/16, 599 ML.d-1 (no e-water)      16/05/17, 266 ML.d-1 (during e-watering) 

   
Wakool R (zone 2) 1/8/16, 115 ML.d-1         29/11/16, 750 ML.d-1 (during e-watering)   16/05/17, 2 ML.d-1 (cease to flow)  

   
Wakool R (zone 3) 1/8/16, 363 ML.d-1        29/11/16, 1533 ML.d-1 (during e-watering)  16/5/17, 213 ML.d-1 (during e-watering) 

   
Wakool R (zone 4) 1/8/16, 10 ML.d-1          29/11/16, 1840 ML.d-1 (e-watering)     16/05/17, 274 ML.d-1 (during e-watering) 

Figure 3.2 Photos of study sites in the four hydrological zones in the Edward-Wakool system in 2016-17. Yallakool Creek 
(zone 1), Wakool River (zone 2) Wakool River upstream of Thule Creek (zone 3) and Wakool River downstream of Thule 
Creek (zone 4). (Photos: Sascha Healy) 
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Figure 3.3 Location of acoustic telemetry receivers moored in the Edward-Wakool system to determine movements of acoustically tagged golden perch and 
silver perch. Green dots indicate the fine-scale acoustic receiver array of ~6 km receiver spacing in the focal study zones.  An additional 20 receivers (red 
dots) funded by Murray Local Land Services were placed at key entry/exit points and major junctions within the wider Edward-Wakool system to monitor 
any potential emigration out of the system. 
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Figure 3.4 Map of the Edward-Wakool system showing location of Murray irrigation Limited canal escapes used to deliver environmental water in 2016. Monitoring was 
undertaken at the Edward escape, Wakool escape, Thule escape and Niemur Syphon escape. At each 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 3.5 Turbid oxygenated water released from the Wakool escape from Mulwala canal mixing with 
hypoxic black water in the Wakool River (Photos: left Robyn Watts, right CEWO) 

 

Figure 3.6 Turbid oxygenated water released from the Edward Escape (right) mixing with hypoxic black 
water in the Edward River (Photo: CEWO) 

 
Figure 3.7 Commonwealth environmental water being released from the Thule Escape from the Deniboota 
Canal (Photo: Robyn Watts) 
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3.2 Indicators 

The rationale regarding the selection of indicators is outlined in the Edward-Wakool Long Term 

Intervention Monitoring and Evaluation Plan (Watts et al. 2014). Indicators were monitored to 

contribute to the Edward-Wakool Selected Area Evaluation and/or the Whole of Basin scale 

evaluation that is undertaken by the Murray-Darling Freshwater Research Centre (Hale et al. 

2014). Some indicators are expected to respond to environmental watering in short time 

frames (< 1 year), but others (e.g. fish community assemblage) are expected to respond over a 

2 to 5 year time frame. A summary of monitoring undertaken in 2015-16 is presented in Table 

3.2. 

There are three categories of monitoring indicators in the LTIM Project: 

¶ Category I ςMandatory indicators and standard operating protocols that are required 

to inform Basin-scale evaluation and may be used to answer Selected Area questions. 

Category 1 indicators monitored in the Edward-Wakool system (Table 3.2) are: river 

hydrology, stream metabolism, nutrients and carbon, fish reproduction (larvae) and 

fish (river).  

¶ Category 2 ςOptional indicators with mandatory standard protocols that may be used 

to inform Basin-scale evaluation and may be used to answer Selected Area questions. 

Fish movement (years 2 to 4) is the only category 2 indicator monitored in the Edward-

Wakool system. 

¶ Category 3 ς Selected Area specific monitoring protocols to answer Selected Area 

questions. Category 3 indicators monitored in the Edward-Wakool system (Table 3.2) 

are: riverbank inundation by 2D-hydraulic 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).  

 

3.3 Overview of monitoring undertaken in 2016-17 

The monitoring undertaken in 2016-17 is summarized in Table 3.3. The ongoing monitoring of 

for river hydrology, stream metabolism, water quality, riverbank and aquatic vegetation, fish 

reproduction was undertaken using the same methods as in 2014-16 (Watts et al. 2015, 2016).  

 

Additional monitoring of dissolved organic carbon and nutrients was undertaken weekly over a 

seven week period in November and December 2016 during the delivery of Commonwealth 

environmental water from Murray irrigation Limited canal escapes.  

 

The fish community survey for the Edward-Wakool Selected Area was not undertaken in 2016-

17 as this indicator is monitored only in year 1 (2014-15) and year 5 (2018-19) of the LTIM 

project. Fish community surveys are undertaken in zone 3 each year for the basin-scale 

evaluation and these will be summarised here but fully reported in a basin-scale evaluation 

undertaken each year by the Murray-Darling Freshwater Research Centre. 
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Table 3.2 Summary of indicators to be monitored in the Edward-Wakool system for the Long Term 
Intervention Monitoring Project from 2014-2019. 

Indicator  Method  Zone  Edward-
Wakool 
Selected 
Area 
Evaluation  

Contribute 
to whole 
of basin-
scale 
evaluation 

Description  

River hydrology  Cat 1  1,2,3,4  V V (zone 3) Discharge data will be obtained from 
NOW website. Water depth monitored 
using depth loggers and staff gauges. 

Hydraulic 
modelling  

Cat 3 1,2,3,4  V  The extent of within channel 
inundation of geomorphic features will 
be modelled for a range of different 
discharges. 

Stream 
metabolism and 
instream 
primary 
productivity  

Cat 1 1,2,3,4  V V (zone 3) Dissolved oxygen and light will be 
logged continuously in each zone 
between August and April each year.  

Nutrients and 
carbon 

Cat 1 1,2,3,4 V V (zone 3) Nutrients and carbon samples will be 
collected monthly and spot water 
quality monitored fortnightly. 

Characterisation 
of carbon  

Cat 3 1,2,3,4  V  The type and source of dissolved 
organic carbon will be monitored 
monthly between August and April. 

Water quality 
and carbon 
during poor 
water quality 
events 

Cat 3 1,2,3,4  
plus 

additional 
zones as 
required 

V  There is an option for additional water 
quality and carbon sampling during 
blackwater or other poor water quality 
events 

Riverbank and 
aquatic 
vegetation  

Cat 3  1,2,3,4  V  The composition and percent cover of 
riverbank and aquatic vegetation will 
be monitored monthly.  

Fish 
reproduction  
(larvae)  

Cat 1 basin 
evaluation 
Cat 3 area 
evaluation  

1,2,3,4  V V (zone 3) The abundance and diversity of larval 
fish will be monitored fortnightly 
between September and March using 
light traps and drift nets.  

Fish 
recruitment 

Cat 3  1,2,3.4  V  Young-of-year fish will be collected by 
back-pack electrofishing and set lines 
in February and March to develop 
growth and recruitment indices for 
young-of-year and age-class 1 Murray 
cod, silver perch and golden perch 

Fish community 
assemblage  

Cat 1 for 
basin 
evaluation 
Cat 3 for 
selected 
area 
evaluation 
years 1 & 5 

3 (plus 15 
additional 

sites in year 
1 and 5)  

V V (zone 3) Cat 1 fish community surveys will be 
undertaken once annually in zone 3 
between March and May. An 
additional 15 sites throughout the 
system will be surveyed in years 1 and 
5 using Cat 3 methods to report on 
long-term change in the fish 
community.  

Fish movement  Cat 2 1,2,3,4 (plus 

additional 
sites funded 
by Murray 

LLS)  

V  Movement of golden perch and silver 
perch will be monitored commencing 
in spring 2015 
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Table 3.3 Schedule of monitoring activities For Edward-Wakool Long-Term Intervention Monitoring 
project for 2016-17 (grey shading). The three categories of indicators are described in section 3.2. 

Indicator Cat Zones Schedule of activities 

J A S O N D J 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 2014-15 

Stream metabolism and 
instream primary 
productivity  

1 1,2,3,4  Continuous data from loggers 

 

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

 
   

Carbon characterisation 3 1,2,3,4  Monthly sampling 
 

   

Additional water quality 
and carbon 
characterisation 
associated with e-
watering from irrigation 
escapes during hypoxic 
blackwater event  

3 4 escapes     Weekly 
sampling 

      

Riverbank and aquatic 
vegetation  

3 1,2,3,4  Monthly monitoring (some missing data during flood) 

 
Fish reproduction  
(larvae)  

1 3     Fortnightly 
sampling 

     

Fish reproduction  
(larvae)  

3 1,2,3,4   Fortnightly sampling                 
(some missing data during flood) 
 

   

Fish recruitment 3 1,2,3,4            
Fish (river)  1 3              
Fish community survey 3 20 sites  Undertaken in 2014-15 and 2018-19 only 

Fish movement  2 1,2,3,4 (plus 

additional sites 

funded by 
Murray LLS) 

 Continuous data from acoustic receivers 

 

3.4 Evaluation of outcomes 

Evaluations of the outcomes of Commonwealth environmental watering undertaken in 2016-17 
were undertaken for the following indicators: 

¶ Hydrology (Section 4) 

¶ Water quality and carbon (Section 5, Appendix A) 

¶ Stream metabolism (Section 6, Appendix B) 

¶ Aquatic and riverbank vegetation (Section 7, Appendix C) 

¶ Fish movement (Section 8, Appendix D) 

¶ Fish reproduction (Section 9, Appendix D) 

¶ Fish recruitment (Section 10, Appendix D) 

¶ Fish community data for basin-scale evaluation (section 11, Appendix D). 
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4. HYDROLOGICAL OUTCOMES OF COMMONWEALTH 
ENVIRONMENTAL WATER DELIVERED IN 2016-17 

 

4.1 Monitoring 

Daily discharge data for automated hydrometric gauges were obtained from the New South 

Wales Office of Water website. Daily discharge data for the Wakool escape, Niemur Escape 

and Thule escape and daily usage of Commonwealth environmental water were obtained from 

WaterNSW. The hydrograph for Yallakool Creek (zone 1) is based on daily discharge data from 

gauge 409020 Yallakool Creek @ Offtake. The hydrograph for the Wakool River zone 2 is based 

on discharge data from gauge 409019 Wakool River offtake 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 Yallakool Creek regulator, the Wakool offtake and the 

Wakool escape with an adjustment during regulated flows to account for travel time (4 days) 

and estimated 20% losses (V. Kelly, WaterNSW pers. comm.) between the offtakes and the 

confluence of Yallakool Creek and the Wakool River. The daily discharge data for Wakool River 

zone 4 were obtained from gauge 409045 Wakool River at Wakool-Barham Road. 

Depth loggers were installed at monitoring sites to monitor water levels and values for depth 

were calculated by calibration with an atmospheric barometric pressure logger located at zone 

2 site 4. The depth (m) at bankfull at each site was determined from cross section surveys. 

In November and December 2016 Commonwealth environmental water was released from a 

number of escapes from the Murray Irrigation Limited canal network (see chapter 2). The 

contribution of Commonweath environmental water to the total discharge downstream of the 

Edward, Wakool, Thule and Niemur escapes was estimated by calculating the percent 

contribution of the environmental water to the total discharge. 

4.2 Findings 

2016 unregulated flood event 

At the beginning of the 2016-17 water year on 1 July 2016 the regulators on the Wakool River 

and Yallakool Creek were closed for the operational shutdown over winter. Record-breaking 

rainfall in parts of the catchment in July and August resulted in an extended period of 

overbank flows inundating the floodplain, including agricultural land and forests (Figure 4.1). 

Flows from the Murray River inundated Koondrook-Perricoota (KP) Forest in early August 

2016. The mid- and lower reaches of the Wakool River (including zone 4 of LTIM study area) 

received return flows from KP Forest via Thule Creek and Barbers Creek in late August to early 

September (Watts et al. 2017b), prior to the floodwaters travelling via the Edward River and 

through the Wakool and Yallakool regulators arriving 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 River. The flow peak in 

the mid-Wakool River (zone 4) was substantially larger than that in zones 1, 2 and 3 (Figure 

4.2) because this reach received flow from Wakool River and Yallakool Creek regulators as well 

as flow through KP Forest via Thule Creek and Barbers Creek (Watts et al. 2017b).  

The rivers in the Edward-Wakool system in 2016-17 were dominated by these unregulated 

flows between August and early December 2016 (Figure 4.2). The small unregulated 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 receding (Figure 4.2). 

The daily discharge during this event was two to three times larger than discharges recorded in 

the previous two years. In mid-September 2016 there was a rapid increase in discharge 

resulting in a very large flood pulse. The discharge at the peak of this event was larger than any 

of the flood events since 2000 (Figure 2.1). While the flow pulse in August 2016 remained 

within the channel and inundated some low lying geomorphic features, the event in 

September/October resulted in overbank flows (Figure 4.1). The flows remained overbank for 

at least one month at some sites (Figure 4.3). This is in contrast to the regulated flows that 

have occurred in the Edward-Wakool system since January 2014 (Figure 2.1). 

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

Environmental watering from irrigation canal escapes during hypoxic blackwater event 

The volume of Commonwealth environmental water delivered to the Edward-Wakool system 

in 2016-17 was small in comparison to the unregulated flow that dominates the hydrograph 

from 2014 to 2017 (Figure 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 1, 2 , 3 and 4 downstream of the escapes, 

creating a period of approximately one month of relatively stable water level during 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 or at near bankfull level from mid-September until 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 difference is due 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. 

 
Figure 4.2 Hydrographs of zones 1 Yallakool Creek, and zones 2, 3 and 4 in the Wakool River from 1 July 
2014 to 30 June 2017. The portion of the hydrographs coloured black is attributed to the delivery of 
Commonwealth Environmental Water. Note that the y axis for zone 4 ranges up to 25,000 ML.d-1. 
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Figure 4.3 Water height above thalweg at the most downstream site in each of the four LTIM monitoring 
zones in the Edward-Wakool system. The 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 percent contribution of Commonwealth environmental water in river reaches downstream 

of irrigation escapes varied considerably over time. The release of Commonwealth 

environmental water from the Mulwala Canal into the Edward River commenced on the 26th of 

October, but until the 5th November the environmental water comprised less than 3% of the 

total flow and remained below 10% until 11th November (Figure 4.4). However, in early 

November the discharge in the Edward River was receding, so by 15th November the 

environmental water contributed approximately 20% of the total discharge downstream of the 

Edward Escape (Figure 4.4) rising to over 40% of the total flow by 17th November. 

The release of environmental water from the Wakool escape commenced on 31st October and 

for a week contributed less than 10% of the total discharge in that system. As the discharge in 

the Wakool River receded the environmental water contributed up to 75% of the total 

discharge (Figure 4.5). 

 
Figure 4.4 Discharge in the Edward River at Deniliquin (ML/d) and from the Edward Escape from 
Mulwala canal from 26 Oct to 10 December 2016. The percentage that Commonwealth environmental 
water contributed to the total discharge downstream of the escape is shown. There were no data for 
the Deniliquin gauge from 18th November to the end of the watering action. 

 
Figure 4.5 Discharge from the Wakool Offtake (ML/d) and from the Wakool Escape from Mulwala canal 
from 31 Oct to 31 December 2016. The percentage that Commonwealth environmental water 
contributed to the total discharge downstream of the escape is shown.  
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Similar to the Wakool escape, the release of Commonwealth environmental water from the 

Thule escape 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 water delivered from the Niemur escape 

contributed less than 7 % of the total flow in the Niemur River for the duration of the watering 

action (Figure 4.7).  

 

 
Figure 4.6 Discharge (ML/d) at the Lower Thule Road gauge on Thule Creek and from the Thule Escape 
from Deniboota Canal from 31 Oct to 21 December 2016. The percentage that Commonwealth 
environmental water contributed to the total discharge downstream of the escape is shown.  

 

 
Figure 4.7 Discharge (Ml/d) in the Niemur River at the Niemur-Moulamein Road gauge and from the 
Niemur Escape from the canal from 14 November to 20 December 2016l. The percentage that 
Commonwealth environmental water contributed to the total discharge downstream of the escape is 
shown.  
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Watering actions to provide recession flows continuing into watering in Yallakool Creek 
during late autumn and winter 2017 

Watering action 6 in Yallakool Creek (Table 2.3) was intended to create continuous base flows 

during late autumn and winter. Winter flows were also provided into the Colligen Creek - 

Niemur River system. A long standing approach to river operations would usually see these 

systems cease to flow (i.e. shut down) over winter. The objective of creating continuous flows 

was achieved in Yallakool Creek and also in study zones 3 and 4 (Figure 4.8) as well as 

throughout the mid and lower Wakool Rivers, including gauges at Gee Gee Bridge, Stoney 

Crossing. The aquatic vegetation response in the Colligen system is being monitored under a 

separate project funded by Murray Local Land Services and is not reported here. 

 

In contrast, flows to the upper Wakool River (zone 2) ceased on 22 May 2017 (Figure 4.8) and 

recommenced on 3 August 2017, resulting in a shutdown period of 73 days in the upper 

Wakool River. The provision of winter flows into the upper Wakool would have required 

Stevens Weir pool to be kept at a higher level 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 CEWO and members of the Edward Wakool Environmental 

Water Reference Group in planning the trial winter 2017 flows. 
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Figure 4.8 Hydrographs of zones 1 Yallakool Creek, and zones 2, 3 and 4 in the Wakool River for the 
period from 1 November 2016 to 30 June 2017, showing delivery of Commonwealth environmental 
water on the recession of the unregulated flow event in2016 and into 2017. The portion of the 
hydrographs coloured black is attributed to the delivery of Commonwealth environmental water 
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4.3 Evaluation 

Table 4.2 Summary of Commonwealth environmental watering on hydrology and connectivity. N/A = 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 Minute 10054-
03, 10054-04 10054-05, 
10054-07, 10054-08 

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 refuge 
for fish and other aquatic biota 
(WUM 10054-03, 10054-04 
10054-05). 

What is the effect of Commonwealth 
environmental water on the hydrology 
of the four zones in the Edward-
Wakool system that were monitored 
for the LTIM project? 

The CEW delivered from the canal 
escapes created a period of 
approximately one month of 
relatively stable water level at the 
end of the flood recession 

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

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 

What did Commonwealth 
environmental water contribute to 
longitudinal hydrological connectivity? 

The CEW delivered from the canal 
escapes contributed to 
longitudinal connectivity 

 

What did Commonwealth 
environmental water contribute to the 
in-channel wetted benthic area? 

N/A  

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

N/A  

What did Commonwealth 
environmental water contribute to 
lateral connectivity 

N/A  

Late autumn/winter 
watering actions 

To create recession flows at the 
end of the unregulated flows. 
To reinstate part of the 
continuous flows that would 
have occurred prior to river 
regulation during winter-spring. 
To improve links with other 
parts of the river system (WUM 
10054-07, 10054-08) 

What is the effect of Commonwealth 
environmental water on the 
hydrology of the four zones in the 
Edward-Wakool system that were 
monitored for the LTIM  project? 

In Yallakool Creek the CEW 
maintained continuous discharge 
throughout autumn and winter in 
Yallakool Creek and in the 
Wakool River from the 
confluence with Yallakool Creek 
right through to Stoney Crossing 
and Kyalite. 

Discharge at gauging 
stations and depth 
logger data 

Yes, the flows 
provided maintained 
continuous discharge 
in the target reaches. 
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5. SUMMARY OF WATER QUALITY AND CARBON 
RESPONSES TO COMMONWEALTH ENVIRONMENTAL 
WATERING 

 

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 Edward River and the 

Mulwala Canal for laboratory measurement of: dissolved organic carbon (DOC), nutrients and 

absorbance and fluorescence spectroscopy for organic matter characterisation. Additional 

weekly monitoring was undertaken at additional sites in October and December during a 

hypoxic blackwater event that extended throughout southern MDB, to assess the impact of 

Commonwealth environmental water releases from irrigation escapes to create local refuges. 

5.2 Main findings 

Response to 2016 unregulated flood 

Water quality in the Edward Wakool system during the 2016-17 season was largely driven by 

the impacts of the extensive unregulated overbank flooding and an associated hypoxic 

blackwater event. Dissolved organic carbon concentrations responded to both the small pulse 

in August and the large flood event that occurred late-September through to December 2016. 

Water samples from the Edward River at Stephens Weir in August 2016 had slightly elevated 

DOC compared to both the canal and samples from Stevens Weir during the multi-site 

watering in 2015 (Figure 5.1). There was a slight drop in September 2016, consistent with the 

fall in the hydrograph.  This was also seen in Zone 1 and 2 but the effect was not observed in 

Zone 3 and 4 although carbon characterisation results indicate that floodplain carbon did move 

though the full length of the system over this period. The large flood peak in September and 

October 2016 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 those measured during the algal bloom in Feb-

May 2016 (Figure 5.1) but comparable to those observed during the 2010-11 blackwater event 

that occurred following the millennium drought (Watts et al. 2017a) and also to the majority of 

samples collected during the March 2012 event (Watts et al. 2013). DOC rose rapidly with the 

increasing hydrograph and peak concentrations were recorded in late October. Concentrations 

were generally higher at sites further downstream as the water continued to collect DOC as it 

moved through the floodplain. DOC concentrations returned to 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 continued to slowly decrease through the remainder of the sampling period. 
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Figure 5.1 Dissolved organic carbon during the 2016-17 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 to declines in dissolved oxygen concentrations beginning 

in late September. Concentrations fell below 4 mg/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 hypoxia 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 5.2 Dissolved oxygen concentrations at LTIM study sites showing extended hypoxia from mid 
October to November-December. 

 

Figure 5.3 Filterable Reactive Phosphorus (FRP) concentrations over the 3 LTIM sampling seasons. 

 

Response to environmental watering actions from irrigation canal escapes 

Environmental water was used to create local oxygen refuges via release of water with higher 

DO and lower DOC from the irrigation canal system into the river system (on the falling 

hydrograph). Four sites were monitored weekly: the Edward River Escape, the Wakool Escape, 
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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 of the water bodies had occurred. Downstream sites were 

also monitored to observe whether larger 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 canal water 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, but only small 

localised refugia could be created in the Thule and Niemur systems. 

 
Figure 5.4 Dissolved oxygen upstream and downstream of the Wakool escape and in the Mulwala canal 
between 31 October and 12 December 2016. Dotted grey line indicates the percent contribution of 
environmental water to total discharge downstream of the escape. 
 

 
Figure 5.5 Localised refuge in the Wakool River created by release of water from the Mulwala Canal. 
(Photo: Damian McRae, CEWO). 
 

Response to recession flows and late autumn/winter watering action in Yallakool Creek 

Water quality parameters (DO, N and P concentrations) remained in an acceptable range 

throughout the January-May sampling period during the autumn/winter watering action and 

environmental water may have supported DO concentrations in Zone 2 through later summer 

and early autumn, where very low flows would have occurred in the absence of CEW. 
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5.3 Evaluation 

Table 5.1 Summary of monitoring and evaluation questions for water quality parameters during the water actions from irrigation canal escapes. Detailed findings are 
presented in Appendix A.  

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 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 
10054-03, 10054-04 
10054-05). 

What did Commonwealth 
environmental water contribute to 
temperature regimes? 

NA Gaps in the logger data 
make this difficult to 
assess, but this was not 
an expected outcome of 
the flows 

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

What did Commonwealth 
environmental water contribute to 
dissolved oxygen concentrations? 

Some dilution effects 
(increased DO) downstream 
of Edward and Wakool 
Escapes during escape flows 

Spot measurements and 
field observations 

What did Commonwealth 
environmental water contribute to 
nutrient concentrations? 

Some small dilution effects 
observed. 

Water samples 

What did Commonwealth 
environmental water contribute to 
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 
these flows 

 

What did Commonwealth 
environmental water contribute to 
reducing the impact of blackwater 
in the system? 

Creation of local refuges with 
improved water quality in the 
immediate vicinity of the 
escapes. Small downstream 
improvements at some sites. 

Water samples, spot 
measurements, 
observations 
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Late autumn/winter 
watering actions 

To create recession flows 
at the end of the 
unregulated flows. To 
reinstate part of the 
continuous flows that 
would have occurred prior 
to river regulation during 
winter-spring. To improve 
links with other parts of 
the river system (WUM 
10054-07, 10054-08) 

What did Commonwealth 
environmental water contribute to 
temperature regimes? 
 

NA- this was not a target of 
these flows 

 CEW was delivered to 
all study zones, 
making water 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. 

What did Commonwealth 
environmental water contribute to 
dissolved oxygen concentrations? 

CEW may have assisted with 
maintenance of DO in Zone 2 
where flow would have 
otherwise been extremely 
low. 

Water samples, spot 
measurements, 
observations 

What did Commonwealth 
environmental water contribute to 
nutrient concentrations? 

NA- this was not a target of 
these flows 

 

What did Commonwealth 
environmental water contribute to 
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 
these flows 

 

What did Commonwealth 
environmental water contribute to 
reducing the impact of blackwater 
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 
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6. SUMMARY OF STREAM METABOLISM RESPONSES TO 
COMMONWEALTH ENVIRONMENTAL WATERING 

 

6.1 Monitoring 

Monitoring of dissolved oxygen concentrations, water temperature and incident solar 

irradiance was performed at ten minute intervals over the period from early September 2016 

until late May 2017 at seven sites in four zones within the Edward-Wakool system. Stream 

metabolism parameters ς Gross Primary Productivity (GPP) and Ecosystem Respiration (ER) - 

were estimated on a daily basis using the BASEv2 model (updated from Grace et al. 2015 

according to Song et al. 2016). Model fits that met LTIM-agreed acceptance criteria were then 

used for describing stream metabolism, and for assessing effects of watering events and other 

environmental factors (e.g. temperature). GPP and ER rates were also compared by 

considering Net Primary Production (NPP = GPP-ER) and GPP:ER ratios. The latter two 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 ratios < 1). In the latter 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 GPP (Figure 6.1) and ER (Figure 6.2) were obtained 

from the seven sites in the Edward-Wakool system. This corresponds to a 34% acceptance rate 

for daily data ς modelled fits to the rest of the data did not meet LTIM acceptance criteria. The 

low acceptance rate compared to 2015-16 (45%) was primarily due to the extended period of 

hypoxia/anoxia during the blackwater event in spring 2016. 

aŜŘƛŀƴ Dtt ǊŀǘŜǎ όǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ ƘƻǊƛȊƻƴǘŀƭ ƳƛŘŘƭŜ ƭƛƴŜ ǿƛǘƘƛƴ ŜŀŎƘ ΨōƻȄΩύ ǿŜǊŜ ǊŜƭŀǘƛǾŜƭȅ 

consistent across 6 of the 7 sites (Figure 6.1). The slightly higher value for Zone 2 downstream 

was primarily due to much lower discharge and water levels during much of the summer-early 

autumn period (see Figure 4.4) meaning more illumination of the benthic zone despite the 

moderate turbidity. GPP rates in this system are at the lower end of the normal published 

range found in river systems throughout the world (typically 3-10 mg O2/L/day, e.g. Bernot et 

al. 2010), although comparison with a more recent, large, as yet unpublished data set from the 

USGS indicates the Edward-²ŀƪƻƻƭ Řŀǘŀ ŀǊŜ ƳƻǊŜ ΨǘȅǇƛŎŀƭΩ ǊŀǘƘŜǊ ǘƘŀƴ ΨƭƻǿΩΦ It is highly likely 

that the Edward-Wakool rates are generally constrained by the low bioavailable nutrient (N & 

P) concentrations. High nutrient concentrations observed during flooding generally occurred 

when hypoxia (a marker of very high rates of respiration) resulted in the data not meeting the 

requirements of the model. ¢ƘŜ ƘƛƎƘ ΨƻǳǘƭƛŜǊǎΩΣ ǎƘƻǿƴ ŀǎ ŎƛǊŎƭŜǎ ƛƴ ǘƘŜ ǇƭƻǘΣ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ǿƘŜƴ 

conditions are conducive 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. 
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Figure 6.1. Box Plot Summary of Daily GPP rates across seven sites from September 2016 until May 
2017. 

 
Figure 6.2 Boxplot summary of daily Ecosystem Respiration (ER) rates across seven sites from 
September 2016 until May 2017.  

 

The high variation in rates of GPP and ER apparent in figures 6.1 and 6.1 can also be seen 

through time (Table 6.1, Figure 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. The only exception is an apparent upward trend in rates of GPP in 

zones 1 and 2 during the period of extended baseflow. The highest metabolic rate was 

recorded at the zone 2 downstream site in late summer 2017 (Figure 6.3). Comparable values 

were found over the same period at the upstream site in zone 1. The low flows allow build-up 

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) ς metabolism is driven by external sources of organic carbon rather than 

from that created by photosynthesis within the site. This phenomenon is also indicated by the 

negative NPP (net primary production rates: GPP ς ER) shown in Figure 6.3. Such trends may 

be an indication of risk for development 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 nutrient concentrations 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 transported from upstream, such as the event that 

occurred in early 2016. 

Heterotrophy, shown as NPP (Figure 6.3) is common in many lowland streams and rivers, but 

highlights the importance of non-algal derived carbon in driving ecosystem respiration 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 supporting production by higher 

order consumers such as fish. Positive NPP rates (and P: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 between discharge from Commonwealth environmental watering 

actions and GPP or ER we could not detect significant stimulation of gross primary production 

(and hence basal food resources for invertebrates and fish) nor ecosystem respiration 

(nutrient recycling). However, it is anticipated that with extended data analysis planned for 

Year 4 involving calculation of the amount of organic carbon created (GPP) and consumed (ER) 

per river km, the benefits of even small watering actions might be determined. Nevertheless, 

as noted in the 2014-15 and 2015-16 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 autumn. Trying to identify discharge-related increases or decreases 

in metabolic rates when discharge remains relatively constant is a very difficult task. 
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Figure 6.3 Variation in rates of Gross Primary Production (GPP), Ecosystem Respiration (ER) and Net 
Primary Production (NPP) across the 4 study zones over time from September 2016 until May 2017.  
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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 

 zone1 site1  zone1 site5  zone2 site4  zone3 site2(3)  zone3 site5  zone4 site1  zone4 site5 

GPP               
  2014-15  1.25  1.28  3.69      -  1.86  1.65  2.01 
  2015-16  1.75  1.37  2.78  4.09  1.57  3.15  2.61 
  2016-17  2.11  2.22  3.87  1.99  2.90  1.63  1.85 
               
ER               
  2014-15  2.07  2.71  6.91      -  2.47  2.04  2.27 
  2015-16  3.19  3.18  6.44       10.59  2.73  4.0  2.72 
  2016-17  5.18  4.01       12.12  4.12  4.52  3.33  4.57 
               
P:R               
  2014-15  0.56  0.48  0.43      -  0.81  0.72  0.85 
  2015-16  0.72  0.43  0.39  0.46  0.66  0.62  0.70 
  2016-17  0.40  0.57  0.32  0.46  0.64  0.51  0.48 
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6.3 Evaluation 

Table 6.1 Summary of monitoring and evaluation questions for stream metabolism. Detailed findings are presented in Appendix B. 

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 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 - 
WUM10054-03 
31/10/16 to 31/12/16 
 
 
 
 
 
 
Wakool River - 
WUM10054-07 
1/1/17 to 30/6/17 
 
 
 
 
 
Yallakool Creek ς 
WUM10054-08 
1/1/17 to 30/6/17 
 
 

 

To provide hypoxic water refuge for 
fish and other aquatic biota.  Escape 
flows for hypoxic water refuge at the 
Thule, Wakool and other minor 
Wakool Escapes, with flows of up to 
40, 500 and 45 ML/d respectively. 
 
To prevent a rapid return to base 
flows following the hypoxic event. To 
provide recessions to flows of a rate 
and duration that contributes to 
ongoing recovery of instream in-
stream aquatic vegetation. 
 
Prevent a rapid return to base flows 
following the hypoxic event. 
To provide recessions to flows of a 
rate and duration that contributes to 
ongoing recovery of instream in-
stream aquatic vegetation. 
Autumn pulse and recession also to 
assist with movement of juvenile 
native fish 

 

What did Commonwealth 
environmental water 
contribute to patterns and 
rates of decomposition? 
(Ecosystem respiration ER) 

Changes in ER were observed but 
did not correspond to variation in 
discharge. Changes were 
associated with changing season 
and other instream factors. 

 

Daily estimates of stream 
metabolism in seven sites 
within four zones 
 
Measurements were 
undertaken from Sept 
2016 until May 2017, 
although metabolism 
measurements were 
precluded by the hypoxia 
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 configuration of 
logger sites, it was not 
possible to assess the 
impacts of the escape 

flows (WUM10054-03) 

The large natural flow in 
Spring 2016 with 
associated hypoxia 
precluded assessment of 
any metabolic response 
during this time.  
 
 

What did Commonwealth 
environmental water 
contribute to patterns and 
rates of primary 
productivity? 
(Gross Primary Productivity, 
GPP) 

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

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

There were no indications of any 
immediate flow-related changes in 
these metabolic parameters. The 
hypoxia associated with the large 
natural flow precluded metabolism 
modelling.  
There was an indication of 
significantly enhanced GPP just 
after the large flow subsided in 
late November-early December. It 
is probable this was fuelled by 
nutrients entrained in the 
floodwater. 
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7. SUMMARY OF AQUATIC AND RIVERBANK VEGETATION 
RESPONSES TO COMMONWEALTH ENVIRONMENTAL 
WATERING  

 

7.1 Monitoring 

The taxonomic richness and percent cover of aquatic and riverbank vegetation were monitored 

from July 2016 to April 2017 at four sites in each of four hydrological zones in the Edward-

Wakool system. Taxa were classified as submerged, amphibious or terrestrial. No monitoring 

was undertaken in August, September or October 2016 because floodwaters limited access to 

sites. Some sites could not be sampled in November and December 2016 due to ongoing access 

issues.  

 

7.2 Main findings 

A total of 51 riverbank and aquatic vegetation taxa were recorded across the sixteen sites 

between November 2016 and April 2017. Three of the taxa were submerged, 15 were 

amphibious and 34 were terrestrial (Table 7.1, Figure 7.1). 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 lippia in zone 2.  

Response to 2016 unregulated flood 

When compared to the results from 2015-16, there was a notable decrease in the richness of 

submerged and amphibious taxa in 2016-17 following the flood (Figure 7.2). The taxa that 

reduced in cover following the flood included submerged algae, and the amphibious floating 

pond weed (Potamogeton tricarinatus), mud grass (Pseudoraphis spinescens), rush (Juncus 

spp.), spike rush (Eleocharis spp.) and mudwort (Figure 7.1). The reduction was most likely due 

to a combination of physical damage during the high flows, loss of light during the flood event 

and extended duration of inundation resulting in some plants dying and rotting. In contrast, 

there was a considerable increase in the number of terrestrial taxa from 22 taxa in 2015-16 to 

34 taxa in 2016-17 (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 receded.  

Response to recession flows and late autumn/winter watering action in Yallakool Creek 

There was no response in the cover of aquatic vegetation to the Commonwealth 

environmental watering actions in Yallakool Creek, because by that time there was almost zero 

cover of submerged and amphibious taxa at some sites. There 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 higher up on bank than the extent of environmental 

flows.  
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Table 7.1 Number of riverbank and aquatic vegetation taxa recorded at LTIM monitoring sites in the 
Edward-Wakool system in years 1, 2 and 3 of the LTIM project between 2014 and 2017. 

 Number of riverbank and aquatic vegetation taxa  

Year submerged amphibious terrestrial total 

2014-15 3 14 17 34 
2015-16 3 20 22 45 
2016-17 2 15 34 51 

 

 
Figure 7.1 Maximum cover of riverbank and aquatic vegetation taxa monitored monthly across four 
hydrological zones in the Edward-Wakool system between July 2016 and April 2017. Taxa were classified 
as submerged, amphibious or terrestrial. Red dots indicate maximum cover in 2014-15, green dots 
indicate maximum cover in 2015-16, and blue dots indicate maximum cover in 2016-17. EDWK01 = 
Yallakool Creek zone 1, EDWK02 = Upper Wakool River zone 2, EDWK03 = Wakool River zone 3 upstream 
of Thule Creek, EDWK04 = Wakool River zone 4 downstream Thule Creek. *  introduced taxa.  
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Figure 7.2 Photos of zone 3 site 1 showing change in cover of 
aquatic vegetation taxa from January 2015 (top), January 2016 
(middle) and January 2017 (bottom) after the 2016 flood event 
(Photos: Sascha Healy).
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7.3 Evaluation 

Table 7.2 Summary of effects of Commonwealth environmental watering on aquatic and riverbank vegetation. N/A = Not applicable to this watering action. Detailed 
findings are presented in Appendix C. 

CEWO Water Planning and delivery Monitoring and Evaluation questions and outcomes 
Flow component type 
and target/planned 
magnitude, duration, 
timing and inundation 
extent (CEWO 2016) 

Expected outcomes 
of watering action  

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 refuge for fish 
and other aquatic 
biota (WUM 10054-
03, 10054-04 10054-
05). 

What has Commonwealth environmental water contributed to the 
recovery (species richness, cover and recruitment) of riverbank and 
aquatic vegetation in Yallakool Creek and the mid and upper Wakool 
River and how do those responses vary over time? 

N/A 
 

 Riverbank and aquatic 
vegetation was not 
monitored at sites in 
association with the 
irrigation escapes 
watering actions 

How do vegetation responses to Commonwealth environmental 
water delivery vary among hydrological zones? 

N/A 
 

What did CEW delivered as base flows and freshes contribute to the 
percent cover of riverbank and aquatic vegetation? 

N/A 

What did CEW delivered as base flows and freshes contribute to the 
taxonomic richness of riverbank and aquatic vegetation taxa? 

N/A 

Recession flows and late 
autumn/winter 
watering action in 
Yallakool Creek 

To reinstate part of 
the continuous 
flows during winter-
spring. To improve 
links with other 
parts of the river 
system (WUM 
10054-07, 10054-
08) 

What has Commonwealth environmental water contributed to the 
recovery (species richness, cover and recruitment) of riverbank and 
aquatic vegetation in Yallakool Creek and the mid and upper 
Wakool River and how do those responses vary over time? 

No effect 
detectable 
 

Vegetation 
surveys 

The flood event in 
2016 decreased the 
richness and cover of 
submerged and 
amphibious taxa and 
increased the richness 
and cover of 
terrestrial taxa. There 
was no recovery of 
submerged and 
amphibious taxa 
during recession flows 
or autumn/winter 
watering action 

How do vegetation responses to Commonwealth environmental 
water delivery vary among hydrological zones? 

No difference 
detectable 

What did CEW delivered as base flows and freshes contribute to 
the percent cover of riverbank and aquatic vegetation? 

No effect 
detectable 
 

What did CEW delivered as base flows and freshes contribute to 
the taxonomic richness of riverbank and aquatic vegetation taxa? 

No effect 
detectable 
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8. SUMMARY OF FISH MOVEMENT RESPONSES TO 
COMMONWEALTH ENVIRONMENTAL WATERING 

 

8.1 Monitoring 

A total of 71 acoustic receivers were installed in the Edward-Wakool system in August 2015 

(Figure 8.1). Of these, 51 constituted the fine-scale acoustic receiver array of ~6 km receiver 

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

within the wider Edward-Wakool system to monitor any potential emigration out of the 

system. These additional receivers were funded by Murray Local Land Services with funding 

ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ CŜŘŜǊŀƭ ƎƻǾŜǊƴƳŜƴǘΩǎ bŀǘƛƻƴŀƭ [ŀƴŘŎŀǊŜ tǊƻƎǊŀƳƳŜΦ A total of 52 golden 

perch and 28 silver perch have been fitted with telemetry tags between August 2015 and April 

2017. Here we report on data obtained from 51 golden 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 species (golden perch and silver perch) were monitored 

continuously within each of the four focal LTIM hydrological zones in the Edward-Wakool 

system. Additionally, movements outside of the focal zones were monitored to determine the 

timing, direction, magnitude and drivers of large scale movements within the entire Edward-

Wakool system. Movement responses in Murray cod were also monitored under a separate 

project with Murray LLS and are not reported in this report. 

 
Figure 8.1 Clockwise from left: An acoustic receiver ready for deployment and an acoustic tag for scale, 
downloading information from tagged fish passing an acoustic receiver and, an anaesthetised silver 
perch undergoing surgical implantation of an acoustic tag in April 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 1, 2, 3 and 4) and moving 

ƻǾŜǊ ŀ ǎŎŀƭŜ ƻŦ млΩǎ ƻŦ ƪƛƭƻƳŜǘǊŜǎΦ 9ƳƛƎǊŀǘƛƻƴ ǿŀǎ ƴƻǘ ƻōǎŜǊǾŜŘ ŘǳǊƛƴƎ ǘƘƛǎ ǇŜǊƛƻŘΣ ƴƻǊ ǿŜǊŜ 

there repeatable directional movements by the entire tagged sample.  

Response to 2016 unregulated flood and watering actions from irrigation canal escapes 

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

ǿŀǘŜǊ ǘŜƳǇŜǊŀǘǳǊŜǎΣ ǊŜǎǳƭǘŜŘ ƛƴ ǊŀǇƛŘΣ ŎƻƻǊŘƛƴŀǘŜŘ ƳƻǾŜƳŜƴǘǎ ƻŦ ōƻǘƘ ǎǇŜŎƛŜǎ ƻǾŜǊ мллΩǎ ƻŦ 

kilometres, an order of magnitude greater than those observed in 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 declined concurrent with the flow peak, resulting in readings at or near 

2 Mg L-1 in mid-October and 0 Mg L-1 in 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) within the Wakool River.  

Commonwealth environmental water was delivered via escapes to enhance dissolved oxygen 

within the Edward-Wakool system. The timing of delivery was after the last valid movement 

records for the majority of the tagged sample of both golden and silver perch, with the 

exception of two tagged golden perch that remained within the focal zones during the period 

of environmental watering (Figure 8.2). Additional fish will be tagged in 2017 to facilitate the 

monitoring of fish movement in 2017.  

The last 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 Gee Gee Bridge (n=2), at 

the Glenbar-Niemur junction (n=6) or at the Wakool-Edward junction (n=1). One additional 

golden perch was detected moving from the Glenbar-Niemur junction to the Colligen Creek-

Edward River junction. Two golden perch exited the Edward-Wakool system into the Murray 

River near Kenley, with one of these detected 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 movement data within the LTIM focal zone. 

Six silver perch were successfully tracked during the 2016-17 watering season. Two individuals 

were last located in zone 4 in early-mid 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 entered the Murray River at Kenley from 16ς24 October 2016. One of 

these individuals re-entered the Edward-Wakool 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 was last 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 its original capture 

location. 

 
Figure 8.2 A) Mean daily river discharge, B) mean daily water temperature and, C) mean daily dissolved 
oxygen from the Edward River at Deniliquin (red line) and Wakool River at Gee Gee Bridge (blue line) at 
Wakool Reserve (Zone 3) and associated daily location of acoustically tagged D) golden perch and E) 
silver perch during the period of environmental water delivery in late 2016. Different coloured lines 
represent different tagged individuals and 0 km represents the location of Wakool Reserve, with positive 
numbers representing upstream locations and negative numbers downstream locations. Note that when 
the individual coloured lines finish this represents the last detection within the acoustic array.  
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8.3 Evaluation 

Table 8.2 Summary of fish movement responses to Commonwealth environmental watering. N/A = Not applicable to this watering action. Detailed findings are presented 
in Appendix D. 

CEWO Water Planning and delivery Monitoring and Evaluation questions and outcomes 
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 
10054-03, 10054-04 
10054-05). 
 
To reinstate part of the 
continuous flows during 
winter-spring. To improve 
links with other parts of 
the river system (WUM 
10054-07, 10054-08) 

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

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

Location of tagged individuals 
within the system based on 
either current movements or 
the last valid detection 

No. Timing of flow 
delivery was 
generally too late to 
protect the majority 
of individuals. 

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

Yes ς see above Location of tagged individuals 
within the system based on 
either current movements 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 disperse from 
and return to refuge habitat? 

NA NA 

Does Commonwealth 
environmental water protect 
periodic species from adverse 
water quality? 

Possibly, although note that the 
timing of e-flow delivery from 
irrigation escapes was too late 
to ensure survival of many fish 

Location of tagged individuals 
within the system based on 
either current movements or 
the last valid detection 
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9. SUMMARY OF FISH SPAWNING RESPONSES TO 
COMMONWEALTH ENVIRONMENTAL WATERING  

 

9.1 Monitoring  

Fish spawning and production responses to Commonwealth environmental watering were assessed 

by monitoring the presence and abundance of fish larvae throughout the spring and summer of 

2016-17. Larval fish were sampled fortnightly from October 2016 to March 2017 using a combination 

of light traps and drift nets across four study zones: Yallakool Creek (zone 1), Wakool River upstream 

(zone 2), mid-Wakool River upstream of Thule Creek (zone 3), and mid-Wakool River downstream of 

Thule Creek (zone 4).  

 

9.2 Main findings 

Seven of the ten fish species collected as larvae in the Edward-Wakool Selected Area during the 

2016-17 spawning season were native, with small-bodied fish species comprising the majority of 

larvae collected across the four study zones. Carp gudgeon (Hypseleotris spp. n=11,574), were the 

most numerically abundant larvae caught in light traps, representing 90% of the larval collected 

across the spawning season. Flathead gudgeon (Philypnodon grandiceps, n=324) and Australian 

smelt (Retropinna semoni, n=32) larvae also detected consistently across the four study zones. Other 

small bodied fish found spawning during 2016-17 were Murray River Rainbowfish (Melanotaenia 

fluviatilis, n= 19) and unspecked hardyhead (Craterocephalus stercusmascarum fulvus, n=5), and 

whilst found in relative small numbers, were found in three of the four study zones. We did not 

detect any spawning of obscure galaxias (Galaxias oliros) in 2016-17, but of interest, was the large 

number of tadpoles collected in light traps, indicating the inundation of floodplain habitat during the 

2016-17 floods promoted a strong response in frog spawning. Introduced species found spawning in 

2016-17 included Carp (Cyprinus carpio, n=683), gambusia (Gambusia holbrooki, n=17) and oriental 

weatherloach (Misgurnus anguillicaudatus, n=1). 

Of the large-bodied, native fish species known to Edward-Wakool River, two species, Murray cod 

(Maccullochella peelii, n=4) and bony herring (Nematolosa erebi, n=6), were collected as larvae, 

indicating local spawning had occurred within the Edward-Wakool Selected Area. It was detected as 

larvae in the lower section of the Focal zones ς appearing in Wakool River zone 3 (upstream of Thule 

Creek), and Wakool River zone 4 (downstream of Thule Creek).This is the first observation of bony 

herring spawning in the Edward-Wakool system since short term intervention monitoring of CEWO 

water commenced in 2011-12. The number of cod larvae collected in light traps this year was very 

small compared with previous years (n=511 in 2015-16, and n=215 in 2014-15), likely reflecting the 

reduced adult Murray cod population in the Edward-Wakool during the spawning season as a result 

of the hypoxic black water that caused wide spread fish kills throughout the southern-Murray 

Darling Basin.  There were no silver perch (Bidyanus bidyanus), or golden perch (Macquaria 

ambigua) eggs or larvae collected from light traps or drift nets. 



Watts, R.J. et al. (2017). Commonwealth Environmental Water Office Long Term Intervention Monitoring 
Project: Edward-Wakool River System Selected Area Evaluation Report, 2016-17.  

60 

Despite the reduced sampling effort caused by flooding and access issues, an order of magnitude 

more larvae were collected in 2016-17 compared to the first two years of LTIM monitoring ς where 

3,418 larvae were sampled in 2015-16, and 4,249 in 2014-15.  Spawning was significantly greater in 

2016-17 for carp, carp gudgeon, Murray River rainbowfish and gambusia, bony herring, compared to 

previous years - compared to the in-channel flow years of 2014-15 and 2015-16.  

Much of the spawning that took place in the Edward-Wakool Selected Area occurred following the 

recovery of the system post hypoxic blackwater, coinciding with the watering action 6 on the 

recession of the flood when dissolved oxygen levels returned to levels over 5 mg/L (Figure 9.1). 

Three species, common carp, Australian smelt and oriental weatherloach were found to spawn 

during the hypoxic conditions, albeit in low numbers. 

Commonwealth Environmental watering actions targeting silver perch spawning in the Yallakool 

River in autumn 2017 occurred outside the October-February monitoring period, and therefore it 

was not possible to directly assess if these watering actions resulted in silver perch spawning. Fish 

recruitment surveys to be 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.  

 

Figure 9.1  Occurrence of fish larvae in the Edward Wakool Selected Area during the 2016-17 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, as=Australian smelt, wl= 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 (Gauge 409045, 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 9.2 Summary of fish spawning responses to Commonwealth environmental watering. N/A = Not applicable to this watering action. Detailed findings are presented in 
Appendix D. 

Fish spawning and reproduction 

CEWO Water planning and delivery Monitoring and Evaluation questions and outcomes 

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

Expected outcomes of 
watering action (From 
Water Use Minutes 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 refuge from 
hypoxic water for fish and 
other aquatic biota 

Could not be assessed 

Recession flows and 
late autumn/winter 
watering action in 
Yallakool Creek 

To influence different 
changes in river rises that 
may contribute to silver 
perch spawning. 
To provide a number of 
peaks at a time when 
water temperature is 
suitable for silver perch 
spawning. 
To determine if river level 
rises timed with periods of 
23°C water temperature 
and no moon (dark night 
sky conditions) has any 
influence on silver perch 
spawning response. 

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

NA (The watering actions 
occurred outside the time 
when equilibrium species 
usually spawn) 

N/A N/A 

What did commonwealth 
environmental water 
ŎƻƴǘǊƛōǳǘŜ ǘƻ ΨǇŜǊƛƻŘƛŎΩ Ŧƭƻǿ 
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 found  during 
the sampling period 

No eggs or larvae of 
golden perch or silver 
perch were detected 
with targeted fortnightly 
sampling, which involved 
using drift nets across 
the four study zones, 
from Sept to Dec 2016 

High unregulated floods in 2016-
17 did not trigger spawning in 
golden perch or silver perch in 
Yallakool Creek or the Wakool 
River. Environmental flows 
occurred outside the monitoring 
period, and therefore could not 
be assessed.  

What did commonwealth 
environmental water 
contribute to the spawning 
ƻŦ ΨƻǇǇƻǊǘǳƴƛǎǘƛŎ ǎǇŜŎƛŜǎΩ 
(e.g. small bodied fish) 

Most opportunistic species 
spawned on the recession of 
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 occurred at a time when 
spawning of these taxa usually 
occurs and may have benefitted 
these taxa 
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10. SUMMARY OF MURRAY COD, GOLDEN PERCH AND 
SILVER PERCH RECRUITMENT AND EARLY LIFE-HISTORY 
GROWTH RESPONSES TO COMMONWEALTH 
ENVIRONMENTAL WATERING 

 

10.1 Monitoring 

The fish recruitment monitoring was developed specifically for the Edward-Wakool system in 

order to target juvenile silver perch, golden perch and Murray cod. This monitoring enables 

comparisons of juvenile growth rates among zones of the Edward-Wakool system and is used 

to determine recruitment variation of these species among years in response to environmental 

watering. Fish were sampled by backpack electro-fishing, standardised angling and set-lines to 

estimate recruitment and growth rates. 

10.2 Main findings 

No Murray cod, silver perch or golden perch young of year (YOY) or 1+ recruits were detected 

in 2016-17; the hypoxic conditions that occurred in November 2016 likely to have affected 

spawning and recruitment for many large bodied native fish species in 2016-17. Comparisons 

of relative recruitment across three years revealed that YOY Murray cod occurred throughout 

the system during 2014-15 and 2015-16 but was not detected in any of the zones sampled in 

2016-17. Silver perch 1+ recruits were most abundant in 2015-16, as compared with 2014-15 

and 2016-17 when little to no recruitment of this species was detected (Table 10.1). Golden 

perch recruits were not detected over the past three years in the Edward-Wakool system. 

Table 10.1  Number of Young-of-Year (YOY), age-class 1 (1+) recruits and older juvenile and adults of the 
three target species sampled in recruitment and growth monitoring in the Edward-Wakool system for 
2014-15 through 2016-17.  

 
 2014-15       2015-16 2016-17 

Zone  
YOY 
recruit 

1+ 
recruit 

 YOY 
recruit 

1+ 
recruit 

 YOY 
recruit 

1+ 
recruit 

Murray cod         

   Yallakool Creek - zone 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 ς 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   4  0 0 

   Wakool River - zone 4 0 1    5 15  0 0 

Golden perch         

   Yallakool Creek ς zone 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 10.2 Summary of fish recruitment responses to Commonwealth environmental watering. N/A = Not applicable to this watering action. Detailed findings are 
presented in Appendix D. 

CEWO Water Planning and delivery Monitoring and Evaluation questions and outcomes 

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? 

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 in Yallakool Creek 

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

Could not be assessed 
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11. SUMMARY OF FISH COMMUNITY RESPONSES TO 
COMMONWEALTH ENVIRONMENTAL WATERING 

 

11.1 Monitoring 

Category 1 (Basin scale evaluation project) fish (river) monitoring was undertaken in the mid-

Wakool River zone 3 in 2016-17 in following methods outlined in Hale et al. (2014). The 

Category 3 (Edward Wakool Selected Area evaluation project) monitoring of 15 additional sites 

throughout the Edward-Wakool Selected Area was undertaken in year 1 (2014-15)(Watts et al. 

2015) and is scheduled to be undertaken again in year 5 (2018-19) of the LTIM Project, and 

thus was not undertaken in 2016-17. 

11.2 Main findings 

Category 1 fish community sampling identified eight native fish species and three alien species 

in zone 3 during 2017 (Table 11.1). There were significant differences in the abundance of the 

fish assemblage between sampling years (2017, 2016 and 2015) in zone 3. Pair-wise 

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 common carp new 

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 2016 and 2015 (Figure 11.1). 

A total of 135 Murray cod, 12 golden perch and three silver perch were collected during 

hypoxic blackwater fish kills in October 2016 (Figure 11.1), and otoliths were removed for later 

ageing to contribute to Basin-scale evaluations.  
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Table 11.1 Summary of fish captured during Category 1 standardised sampling in 2015, 2016 and 2017 in 
the Edward-Wakool 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 
golden perch 107 - - 107 116 - - 116 19 - - 19 
Murray cod 210 - - 210 333 1 - 334 12 - - 12 
Murray-Darling 
rainbowfish 

339 168 - 507 353 77 5 435 650 19 - 669 

silver perch 5 - - 5 5 - - 5 3 - - 3 
un-specked hardyhead 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 

 

 
Figure 11.1. Cumulative length-frequency histograms of the four most common large-bodied species 
captured during Category 1 sampling in the Edward-Wakool LTIM project in 2015, 2016 and 2017. The 
dashed line indicates approximate length at one year of age and sample sizes are provided in the figure 
legend for each respective species and sampling year. Rapid vertical rises in lines (i.e. common carp 
<200 mm in 2017) indicate a larger proportion of fish in these size classes. 

a) bony herring

d) Murray codc) common carp

b) golden perch
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Figure 11.2 An example of Murray cod located in a backwater following a hypoxic fish kill in 2016 (left), 
and lined up for 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 

Edward-Wakool River system for the Long Term Intervention Monitoring Project is being 

undertaken at the following scales:  

i)  Selected Area evaluation (Watts et al. 2014) will 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 Edward-Wakool Selected Area, and  

ii)  Basin scale evaluation (Hale et al. 2014) will be undertaken across 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 evaluated in a separate 

report.  
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12. SYNTHESIS 

Summary of responses to 2016 unregulated flood 

The following responses to the unregulated flood event were observed in the Edward-Wakool 

system in 2016: 

¶ Extended period of overbank flows that flooded forest, cropping land, grazing and 

pasture lands and increased connectivity through connection of backwaters, flood 

runners and anabranches 

¶ Increased dissolved organic carbon and rapid decrease in dissolved oxygen in October 

2016 resulting in hypoxia and widespread fish deaths 

¶ Increased concentration of nutrients, especially nitrogen and phosphorus 

¶ Large reduction in the cover and richness of submerged and amphibious plants  

¶ An increase in the cover and richness of terrestrial riverbank plants following the 

recession of the flood 

¶ LƴŎǊŜŀǎŜŘ ƳƻǾŜƳŜƴǘ ƻŦ ƎƻƭŘŜƴ ǇŜǊŎƘ ŀƴŘ ǎƛƭǾŜǊ ǇŜǊŎƘ ƻǾŜǊ мллΩǎ ƻŦ ƪƛƭƻƳŜǘǊŜǎΣ ǿhich 

was an order of magnitude greater than movements during the preceding months 

¶ 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 

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

¶ Very high biomass of tadpoles and invertebrates observed in nets, that provides a 

source of food for native fish and other animals (Figure 12.1) 

 

 
Figure 12.1 Invertebrates collected in the drift nets during the flood in the Wakool River (Photo: Nicole McCasker). 

 
  

   



Watts, R.J. et al. (2017). Commonwealth Environmental Water Office Long Term Intervention 
Monitoring Project: Edward-Wakool River System Selected Area Evaluation Report, 2016-17.  

68 

Response to environmental watering actions from irrigation canal escapes 

Commonwealth watering actions were undertaken between October and December 2016 to create 

local refuge areas by releasing environmental flows from irrigation canal escapes into rivers in the 

Edward-Wakool system. The responses differed between canal escapes, largely depending on the 

extent to which the water released from the escape contributed to the river flow.  

The watering actions from the Edward escape and Wakool escape had positive outcomes, 

improving DO and DOC downstream of these escapes (Table 12.1). No targeted fish monitoring 

was undertaken near these escapes, however landholders and Fisheries Officers observed fish 

congregating in the flows from these escapes (Table 12.1), suggesting the water actions were 

successful in creating localised fish refuges during the hypoxic blackwater conditions. The 

watering action from the Niemur escape did not show any change in indicators downstream of 

the escape, because the environmental water delivered from the escape contributed less than 7 

% of the total flow in the Niemur River for the duration of the watering action (Figure 4.7). The 

watering action at the Thule escape was influenced by other localised effects. The watering 

actions from these escapes may have provided local refuge habitat for fish and other organisms. 

Table 12.1 Responses to the watering actions from irrigation canal escapes in the Edward-Wakool system 
during the 2016 hypoxic blackwater event. No targeted fish monitoring was undertaken near these escapes. 
Observations of native fish activity near the escapes were noted by landholders and Fisheries Officers. 

Positive response to environmental watering (green) 
Mixed response; some adverse and some positive responses to environmental watering (amber) 
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) 

Indicator 
type 
 

Indicator Edward Escape Wakool Escape Thule Escape* Niemur 
Escape 

Hydrology Water from escape 
contributed >10% 
of river flow 

Yes Yes Yes No 

Water quality DO Increased (improved) 
downstream of 
escape 

Increased (improved) 
downstream of 
escape 

Decreased 
(affected by other 
factors) 

Negligible- 
possibly localised 
refuge only 

DOC Decreased 
(improved) 
downstream of 
escape 

Decreased 
(improved) 
downstream of 
escape 

Increased No clear trend 

pH No clear trend (varies 
with sampling date) 

Increased (within 
acceptable range) 

Decreased (from 
initially high value) 

No clear trend 

Nutrients NOx increased Generally decreased 
(varied with sampling 
date) 

No clear trend No clear trend 

Other nutrients 
decreased 

Fish movement Native fish 
movement 

Could not be assessed because the watering action occurred after the last valid 
movement records for the majority of the tagged fish 

Anecdotal 
observations of 
native fish 

Native fish  activity Fish observed 
congregating in the 
flows from the 
Edward escape 

Fish observed 
congregating in the 
flows from the 
Wakool escape 

Fish observed 
congregating in the 
flows from the 
Thule escape 

NA - no 
observations 

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

During the flood recession and winter watering action the water quality remained within an 

acceptable range. Compared to fish spawning recorded at 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 perch or golden perch recorded in autumn 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. 
 
 
Table 12.2 Summary of ecosystem responses to Commonwealth environmental watering in the Edward-
Wakool system in 2015-16.  

Positive response to environmental watering (green) 
Mixed response; some adverse and some positive responses to environmental watering (amber) 
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 Short-term response to recession flows and Yallakool 
Creek autumn/winter flows 

  Zone 1 Zone 2 Zone 3 Zone 4    

Hydrology Hydrological connectivity  Recession flow   

N/A winter 
flow 

Stream 
metabolism, 
water quality, 
and organic 
matter 
characterisation 

Rates of gross primary productivity      

N/A (winter flows not assessed) 

Rates of ecosystem respiration     

N/A (winter flows not assessed) 

Dissolved organic matter     

Dissolved oxygen  Recession flow   

N/A winter 
flow 

Nutrient concentration     

Riverbank and 
aquatic 
vegetation 

Percent cover and richness of 
submerged and amphibious plants 

    

Percent cover and richness of 
terrestrial plants 

N/A (increased cover of terrestrial plants over this period not 
associated with watering actions, higher on bank than e-flows) 

Fish movement Native fish movement N/A (there were few fish remaining in the system at this time to be 
able to assess movement to these flows) 

Fish spawning 
and reproduction 

Larval abundance of 'Opportunistic' 
(e.g. small bodied fish) species 

Positive spawning response during recession flows 

N/A winter flows not assessed 

[ŀǊǾŀƭ ŀōǳƴŘŀƴŎŜ ƻŦ ΨŦƭƻǿ-ŘŜǇŜƴŘŜƴǘΩ 
spawning species (e.g. golden and 
silver perch) 

No larvae of flow dependent species recorded 

Larval abundance of Murray cod N/A (outside the spawning  time for Murray cod) 

Fish recruitment Growth rate of young-of-year (YOY) 
and age-class 1 (1+) Murray cod, 
golden perch and silver perch 

No fish recruits captured 

Recruitment of young-of-year (YOY) 
and age-class 1 (1+) Murray cod 
golden perch and silver perch 

No fish recruits captured 

Fish community Fish condition N/A (fish community assessed only year1 and year 5) 

Fish recovery N/A (fish community assessed only year1 and year 5) 
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13. RECOMMENDATIONS FOR THE ADAPTIVE 
MANAGEMENT AND FUTURE USE OF COMMONWEALTH 
ENVIRONMENTAL WATER 

Progress on recommendations from 2015-16 Edward-Wakool Annual LTIM report 

Eight recommendations were outlined in the 2015-16 Edward-Wakool LTIM annual report 

(Watts et al. 2016) to improve the planning and delivery of Commonwealth environmental 

water. The extent to which these recommendations have been implemented (as of October 

2017) in the Edward-Wakool system is summarised in Table 13.1. 

Table 13.1 Progress on eight recommendations outlined in Edward-Wakool 2015-16 LTIM annual report 

Recommendation from 15-16 report Extent to which recommendation implemented 

1. Undertake a comprehensive flows assessment for the 
tributaries of the Edward-Wakool system to better 
inform future decisions on environmental watering in 
this system. 

Flow assessments have been undertaken by MDBA 
and NSW OEH comparing modelled natural with 
observed data. It is not yet clear to what extent 
these assessments underpin management decisions 

2. Trial the delivery of continuous base e-flows during 
winter (no cease to flow) in the tributaries of the 
Edward-Wakool 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 plants in the system. 

In early 2016 CEWO and NSW OEH held discussions 
with stakeholder groups (e.g. the Murray-Lower 
Darling EWAG and the Edward-Wakool 
Environmental Water Reference Group) regarding 
this recommendation. A continuous winter flow was 
implemented in Yallakool Creek-Mid & Lower 
Wakool River and the Colligen Creek-Niemur River 
system in 2017. 

3. Trial the delivery of a short duration e-watering action 
in late winter or spring 2017 at a higher discharge 
than the current operational constraint of 600 ML.d-1 
(possibly up to 1000 to 1200 ML.d-1). This would test 
the hypothesis that larger in-channel environmental 
watering actions will increase river productivity. 

CEWO and NSW OEH have facilitated discussions 
with stakeholders to progress a proposal to trial 
flows above current operational constraints, up to 
approximately 800 ML/day at the confluence of 
Yallakool Ck and Wakool R. The current proposal is 
to undertake the trial in autumn or winter of 2018. 

4. Trial the delivery of an environmental watering action 
in the Edward R downstream of Stevens Weir to 
target golden perch and silver perch spawning. 

This recommendation has not yet been 
implemented nor is there monitoring in place to 
detect a spawning response if it occurred. 

5. Avoid long periods of constant flows by introducing 
flow variability into environmental watering actions. 

This recommendation was applied in 2015-16 and 
2016-17, 2017-18 in Yallakool Ck, Wakool R and 
Colligen Ck-Niemur R watering actions.  

6. 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 
system. 

This recommendation was trialled in 2015-16. Up to 
100 ML.d-1 of CEW was delivered to upper Wakool 
but did not produce expected outcomes. Trialling 
the delivery of higher flows to the upper Wakool 
may result in better outcomes. It may be difficult to 
achieve from the regulator but could be achieved in 
conjunction with use of the Wakool escape. 

7. Continue to include a water use option in planning 
that enables Commonwealth environmental water to 
be used to mitigate adverse water quality events in 
the Edward-Wakool system. 

This recommendation was applied to the 2015-16, 
2016-17 and 2017-18 planning for the use of CEW in 
the Edward-Wakool River system. Contingency flows 
have continued to be made available to contribute 
to responses to hypoxic blackwater events or other 
poor water quality events should they occur. 

8. Continue to include a water use option that enables 
CEW to be used to mitigate rapid recessions due to 
rainfall rejection in the Edward-Wakool system. 

This recommendation was applied to the 2015-16, 
2016-17 and 2017-18 planning for the use of CEW in 
the Edward-Wakool River system. 
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Recommendations from 2016-17 watering actions 
 

In addition to two recommendations that have been carried over from the 2015-16 Edward-

Wakool LTIM annual report, we outline three new recommendations to improve the planning 

and delivery of Commonwealth environmental water that are underpinned by the 2016-17 

Edward-Wakool monitoring and evaluation results and findings from previous monitoring. 

Where applicable, a note has been included to indicate to what extent the recommendation 

has already been applied (as of October 2017) in the planning or use of Commonwealth 

environmental water in the Edward-Wakool system. 

In summary, the seven recommendations are: 

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 agencies, in partnership with local landholder and community 

representatives, should 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-1. 

2. The installation of a dissolved oxygen logger on an existing NSW Water gauge downstream 

of Yarrawonga and upstream of Barmah-Millewa 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/or the forest on DO and DOC levels 

in the mid-Murray 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 water quality in the Edward-

Wakool system, including Werai Forest. 

3. Implement a second trial of continuous base environmental flows (no cease to flow) during 

winter 2018 in the tributaries of the Edward-Wakool 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 plants in the system. 

4. Trial the delivery of an environmental watering action in the Edward River downstream of 

Stevens Weir to target golden perch and silver perch spawning, supported with 

appropriate monitoring. This recommendation was carried forward from the 2015-16 

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 system. This recommendation was carried forward from the 

2015-16 annual report (Watts et al. 2016). 

6. Undertake in-channel habitat mapping for all key reaches of the Edward-Wakool system, 

which could then be combined with the hydraulic modelling undertaken to-date (see 

Watts et al. 2015) to also facilitate learning about this system and the outcomes being 

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 water management. 
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Recommendation 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 agencies, in partnership with local landholder and community 

representatives, should 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-1. 

 

Between October and December 2016 Commonwealth environmental watering actions were 

undertaken to create local refuge areas by releasing environmental flows from irrigation canals 

escapes into the Edward-Wakool system. The decision making environment was very complex, 

as there was community concern that delivery of environmental water on the rising limb of the 

flood event would have exacerbated the flooding of private land. Thus, by the time the 

decision was taken to deliver environmental water via MIL irrigation escapes the DO had 

already dropped below 2 mgL-1 and some fish deaths had already occurred. Whilst it appears 

that these watering actions (in conjunction with community actions to install aerators to 

create local refuges) may have assisted the survival of some fish, earlier delivery of 

environmental water would most likely have resulted in a better outcome.  

The Murray Dissolved Oxygen Group re-convenes when DO is around 5 mgL-1. However, there 

is no agreed process for decision making during hypoxic blackwater events, partly due to the 

complexity of these events and that the circumstances leading to each event is different. 

However, over several of these events there have been reports of crayfish leaving the water 1-

2 days prior to the first reports of fish kills and this could be taken as a trigger for immediate 

action if circumstances permit. 

It is recommended that the CEWO and other relevant agencies examine the 2016 event in the 

Edward-Wakool system and determine what the impact on the hydrograph would have been if 

they had made on earlier release of environmental water on the rising limb of the flood event. 

This would facilitate stakeholder discussion around discussion of earlier release of 

Commonwealth environmental water during a subsequent hypoxic blackwater event during 

unregulated flows. 

Adaptive management: Recommendation 1 has been partially implemented through the 

CEWO commissioning a review of hypoxic blackwater events and management actions in the 

MDB (CEWO 2017). In addition to the recommendations in that report, a detailed analysis of 

the water decision process and options for future actions could be undertaken specifically for 

the Edward-Wakool system to assist future decision making during imminent hypoxic 

blackwater events. 
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Recommendation 2: The installation of a dissolved oxygen logger on an existing NSW Water 

gauge downstream of Yarrawonga and upstream of Barmah-Millewa 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/or the forest on DO and 

DOC levels in the mid-Murray reach. Consideration should also be given to installing 

dissolved oxygen loggers both upstream and downstream of other forested areas that may 

influence water quality in the Edward-Wakool system, including Werai Forest. 

 

Commonwealth environmental water is provided to Barmah-Millewa 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 in turn lead to 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 on the existing 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 DOC. Installation of dissolved oxygen loggers, either on 

existing NSW Water gauges or on new gauges, both upstream and downstream of other 

forested areas that influence water quality in the Edward-Wakool system, including Werai 

Forest, should be considered. 
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Recommendation 3: Implement a second trial of continuous base environmental flows (no 

winter cease to flow) during winter 2018 in the tributaries of the Edward-Wakool 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 plants in the system. 

 

Under normal operational flows there is a period of no flow during winter when the Yallakool 

Creek Offtake, Wakool Offtake, and Colligen Creek Offtake regulators are closed and Stevens 

Weir pool is lowered. In 2016 CEWO and NSW OEH held discussions with stakeholder groups 

(e.g. the Murray-Lower Darling EWAG and the Edward-Wakool Environmental Water 

Reference Group) that resulted in an environmental watering action that created a continuous 

winter base flow in Yallakool Creek in 2017. This was proposed to facilitate the movement of 

fish back into the system following the hypoxic blackwater event in late 2016. It is also 

hypothesised that this will assist the recovery of submerged aquatic plants by preventing the 

exposure of rhizomes to frost and feral 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 follow-up winter base flow be implemented in winter 2018, to 

facilitate further movement of native fish back into the system and facilitate a more rapid 

response of aquatic plants to strengthen the resilience of the system to future droughts or 

floods. 

Adaptive management: A flow trial has already been implemented in winter of 2017. CEWO 

and NSW OEH have undertaken the discussions with various stakeholder groups (e.g. the 

Murray-Lower Darling EWAG and the Edward-Wakool Environmental Water Reference Group) 

regarding the implementation of a winter base flow in 2018, but a final decision regarding the 

implementation of that has not yet been made and will need to take into account maintenance 

works planned by WaterNSW on Stevens Weir. 
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Recommendation 4: Trial the delivery of an environmental watering action in the Edward 

River downstream of Stevens Weir to target golden perch and silver perch spawning, 

supported with appropriate monitoring. 

This recommendation was carried forward from the 2015-16 annual report (Watts et al. 2016). 

Golden perch and silver perch spawning, or magnitude of spawning and recruitment are 

thought to be associated with flow pulses (Mallen-Cooper and Stuart 2003; Roberts et al. 

2008; Zampatti and Leigh 2013). The Edward-Wakool system is known to support juveniles and 

adults of both species (Watts et al. 2014, 2015, 2016, this report), however there is no 

evidence to date to suggest that spawning in these species occurs within the smaller 

tributaries of the Edward-Wakool system.  

Recent evidence suggests that golden perch (and likely silver perch) life-history operates over 

large spatial scales across the southern connected Murray-Darling Basin (Zampatti et al. 2014). 

The inter-connectedness of Edward-Wakool golden perch and silver perch populations will be 

addressed under the fish movement component of the Edward-Wakool LTIM project and 

through other concurrent collaborations. However, more information on if, and where, these 

species spawn within the Edward-Wakool system is required.  

Environmental watering actions in the Wakool-Yallakool system is currently constrained to a 

maximum of 600 ML.d-1 and actions of this magnitude (whilst not targeting golden perch and 

silver perch spawning) have not triggered spawning in either species in this part of the system. 

The Edward River main-stem is a larger river 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 Wakool-Yallakool system as 

it does not have the 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 

facilitate 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 recommendation is similar to recommendation number 8 of Watts et al. (2015) and 

number 4 of Watts et al. (2016) but has not yet been implemented. The current LTIM 

Monitoring and Evaluation Plan for the Edward-Wakool system does not include monitoring of 

fish reproduction in the Edward River. If this flow trial were to be implemented additional 

monitoring in the Edward River would be required to evaluate the effectiveness of this 

watering action. 

Adaptive management: The CEWO has included the provision of a small instream pulse in 

some of their watering actions in the Wakool River and Yallakool Creek, however this will be 

limited by the 600 MLd-1 operational constraint, and to date no perch spawning has been 

recorded.  
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Recommendation 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 system 

 

This recommendation was carried forward from the 2015-16 annual report (Watts et al. 2016). 

Since 2011 the majority of Commonwealth environmental water in the Wakool-Yallakool 

system has been delivered via Yallakool Creek, whereas over the same period the delivery of 

environmental water to the upper Wakool River has been small due to the operational 

constraint at the confluence of Yallakool Creek and the Wakool River. The Commonwealth 

environmental water delivered to the upper Wakool system in 2015-16 (up to total discharge 

of 100 ML.d-1) had minimal effect on the hydrological and ecological outcomes in that system. 

Hydraulic modelling has demonstrated that the relationship between discharge and wetted 

benthic area is not linear in this system (Watts et al. 2015). There is potential to considerably 

increase the wetted area in some reaches of the upper Wakool River if environmental water 

was delivered at a higher discharge than in 2015-16 but within the current operational 

constraint of 600 ML.d-1. For example, the total wetted area for modelled reaches in the upper 

Wakool River increased by an average of 6.1% at discharge of 100 ML.d-1 (when compared to 

discharge of 50 ML.d-1), whereas at 250 ML.d-1 and 500 ML.d-1 the average increase in wetted 

benthic area in the upper Wakool River increased by 20.2% and 45.5% respectively. 

The current operational constraint in this system impedes the concurrent delivery of a 

significant flow pulse to both Yallakool Creek and the upper Wakool River. Hydraulic modelling 

has shown that delivering more environmental water via the upper Wakool River has the 

potential to increase the outcomes in the system. Undertaking a trial whereby environmental 

water was delivered via the upper Wakool River instead of Yallakool Creek would facilitate 

understanding of responses to 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. 2014), 2014-15 (Watts et al. 2015) and 2015-16 (Watts et al. 2016) to be 

observed in the upper Wakool River if it were to receive a larger environmental flow. 

Adaptive management: The recommendation in the 2014-15 Edward-Wakool LTIM annual 

report to deliver water via the upper Wakool River was trialled in 2015-16, and a small volume 

of Commonwealth environmental water (up to 100 ML.d-1) was delivered to the upper Wakool 

River. However, this watering action did not produce the expected outcomes. 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 of 

the Wakool escape and Wakool regulator. 
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Recommendation 6: Undertake in-channel habitat mapping for all/key reaches of the 

Edward-Wakool system, which could then be combined with the hydraulic modelling 

undertaken to-date (see Watts et al. 2015) to 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 mapping of in-channel 

habitat through key reaches of the Edward-Wakool system. The use of environmental water in 

this system has annually targeted 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 as benches or refuge holes, aquatic macrophytes and large woody habitat) that 

contributes to native fish, connectivity and productivity outcomes. Mapping 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 (past, present and 

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. 

 
 

Recommendation 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 water management. 

 

 

In 2016, there was a major hypoxic blackwater event that resulted in death of many native fish 

throughout the Murray River, but particularly in the Edward-Wakool system. At the time there 

was much community speculation over the reasons for the severity of this event. While there 

is considerable 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 Edward-Wakool system. Further targeted research is required to underpin 

future watering decisions. 

 

Adaptive management: This recommendation has been partially implemented through the 

CEWO commissioning a review of hypoxic blackwater events and management actions in the 

MDB (CEWO 2017). This review recommended the development of an Emergency 

Management Plan. However, there does not appear to be a process or coordinated approach 

to improve the knowledge and science around blackwater events or to target research 

questions to answer the questions that the community has about these events. 
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APPENDIX A: WATER QUALITY & CARBON 

 

A.1   Background 

The primary driver of water quality in the 2016-17 sampling season was extensive unregulated 

overbank flooding as a result of a particularly wet spring season.  This was characterised by hypoxic 

blackwater during the late spring period where very high input of organic matter from the floodplain 

coincided with increasing water temperatures and oxygen depletion (hypoxia) was widespread 

through the southern Murray Darling Basin, including the Edward-Wakool system.  

Blackwater events 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 event result in the consumption 

of oxygen by organisms in the water exceeding the rate of production by plants and algae and 

reaeration from the atmosphere (Mallin et al. 2006; Howitt et al. 2007; Hladyz et al. 2011; 

Whitworth et al. 2012; Whitworth et al. 2014). Hypoxic events may result in deaths of fish and other 

aquatic organisms and are more likely to occur when water temperatures are high or very large 

loads of organic matter have accumulated on the floodplain, situations which are more likely to 

occur where unseasonal flooding occurs in warm months or the river has been disconnected from 

the floodplain for long periods (Howitt et al. 2007; Whitworth et al. 2012; Kerr et al. 2013; Pasco et 

al. 2016).  

Not all dark coloured water results in hypoxia or fish kills and it is important to maintain connection 

between rivers and their floodplains for the transfer of organic matter and nutrients to support 

ecosystems (Baldwin and Mitchell 2000; Baldwin et al. 2016; Nielsen et al. 2016; Robertson et al. 

2016; Wolfenden et al. 2017). High dissolved organic carbon may be a normal feature of some 

catchments where the water is coloured year round or as an annual event as is common in a number 

of Tasmanian catchments, and many rivers internationally may actually be referred to as black or 

brownwater catchments e.g. (Mehring et al. 2015; Leech et al. 2016; Vihermaa et al. 2016; Hensley 

and Cohen 2017). Water colour itself, should 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 aquatic organisms experiencing sub-

lethal effects and mortality cam be observed below 2 mg/L (Gehrke 1988; Gehrke et al. 1993; King et 

al. 2012; Small et al. 2014).  

Historical accounts of fish deaths associated with blackwater have been reported over a 

considerable period of time including for the Edward River at Deniliquin (Sydney Mail and New 

South Wales Advertiser, 23/2/1878), Lismore (Argyle Liberal and District Recorder, 15/12/1903), 

Campaspe River at Elmore (Weekly Times 15/3/1913 and Riverine Herald 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 26/2/1944).  Hypoxia in 

aquatic systems is a problem that receives worldwide attention and occurs not just in riverine 

systems (Mehring et al. 2014; Pardo and Garcia 2016; Pasco et al. 2016; Ji et al. 2017) but in lake and 

wetland (Bonvillain et al. 2015; Mallin et al. 2016), coastal (Lee et al. 2017; Testa et al. 2017; Wang 

et al. 2017) and oceanic (Ahlgren et al. 2017; Dautovic et al. 2017) areas with complex interacting 

causes including natural events but also changes in river flow or coastal mixing, eutrophication (algal 

blooms) or direct input of urban, agricultural or industrial effluent, particulate transport and changes 

in water temperature and climate behaviour(Altieri and Gedan 2015). 
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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 occurred in many rivers within the 

Southern Murray-Darling Basin and was associated with record spring rainfall (Bureau of 

Meterorology, 2017) and inundation of areas of the floodplain that had been disconnected from the 

river for many years (decades in some areas). The inundation of forested areas, cropping and grazing 

lands introduced considerable organic matter to the river system. A range of options for responding 

to hypoxic blackwater have been considered (Kerr et al. 2013; Whitworth et al. 2013) including 

dilution flows, created by releasing water from irrigation canal escapes; physical reaeration of water 

using paddle wheels, pumps or regulatory structures; and reaeration and dilution by diversion of 

blackwater into shallow off-channel storages. Whitworth et al. (2013) concluded that while all of 

these strategies have the potential to promote re-oxygenation of blackwater, in many cases only 

localised improvements in DO are expected.  The release of water from irrigation escapes during 

previous blackwater events in the Edward-Wakool system in 2010 and 2012 has been successful for 

creating refuges and improving downstream water quality (Watts et al. 2017a; Watts et al. 2013). 

Downstream water quality improvements are very difficult to generate in an event of this scale using 

environmental water but creation of localised refuges and small scale improvements are still 

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 relatively simple compounds belonging to recognised groups such as carbohydrates, 

proteins, peptides, fats and other low molecular weight organic compounds. However, the much 

larger molecules that make up the category of humic substances (including humic and fulvic acids) 

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 strong yellow-brown colour. Microbial 

communities do not respond to all types of organic matter in the same way (Baldwin 1999; 

O'Connell et al. 2000; Howitt et al. 2008) although it has been shown that bacterial communities can 

respond to changes in organic carbon source quite rapidly (Wehr et 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 non-humic carbon (Moran and Hodson 1990) although this 

can be altered over time with exposure to ultraviolet light (Moran and Zepp 1997; 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 absorbance 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 matter (Bertilsson 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 the hypoxic event triggered additional monitoring of the water quality event. The 

monitoring was directed towards preliminary modelling using the Blackwater Intervention 

Assessment Tool (Whitworth and Baldwin 2016) to provide immediate advice regarding the likely 

outcomes of using water releases from irrigation escapes under various scenarios and additional 

water quality sampling. In addition to the regular monthly water quality sampling, this chapter 
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includes data from weekly monitoring (October-December) specifically targeting water quality 

around four irrigation escapes where environmental water was released to provide localised refuges 

for aquatic species in the vicinity of the escapes. This includes additional sites on the Edward River, 

Thule Creek, Niemur River and the Wakool River. The use of environmental water for water quality 

targets concentrated on this event, however the additional data associated with irrigation escapes is 

presented following a detailed consideration of the water quality in the broader system in the 

context of the flooding. The environmental water delivered during Watering Actions 5 and 6 (Table 

2.3) was not specifically targeted towards 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 considered 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 flows up until June 2016, but the watering action in Yallakool Creek during winter 

will be considered in the 2017-18 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 addressing 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 to the 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 deliveries to the Edward-Wakool 

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. Water quality 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 1-5 year basis.  

In 2016-17 the key question relating to the CEW actions was: 

¶ What did Commonwealth environmental water contribute to reducing the impact of 

blackwater in the system? 

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

¶ What did Commonwealth environmental water contribute to dissolved oxygen 

concentrations? 

¶ What did Commonwealth environmental water contribute to nutrient concentrations? 

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

the system in 2016-17: 

¶ What did Commonwealth environmental water contribute to temperature regimes? 
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¶ What did Commonwealth environmental water contribute to modification of the type and 

amount of dissolved organic matter through reconnection with previously dry or 

disconnected in-channel habitat? 

 

A.3   Methods 

Water temperature 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 (extensive flooding 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 was used to 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 website http://waterinfo.nsw.gov.au/ 

From August to May water samples were collected once per month (samples slightly further 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 Environmental Water releases from irrigation escapes in the 

Edward River, Wakool River, Thule Creek and Niemur River. On all sample dates water quality 

parameters (temperature (oC), electrical conductivity (mS/cm), dissolved oxygen (%), pH, and 

turbidity (NTU)) were measured as spot recordings.  

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

¶ Dissolved Organic Carbon (DOC)  

¶ Nutrients (Ammonia (NH4+), filtered reactive phosphorus (FRP), dissolved nitrate + nitrite 

(NOx), Total Nitrogen (TN) and Total Phosphorus (TP)) 

¶ Absorbance and fluorescence spectroscopy for organic matter characterisation. 

Water samples were filtered through a 0.2 mm pore-sized membrane at the time of sampling and 

then stored on ice until returned to the 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 presented in this 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 

http://waterinfo.nsw.gov.au/
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light absorbed by the sample and is a logarithmic 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 wavelengths to give 

an excitation-emission matrix. Excitation wavelengths were scanned from 200 to 400 nm with a 10 

nm step size and for each excitation wavelength, emission of light at 90O to the source was recorded 

from 200 nm to 550 nm with a 1 nm step size. Fluorescence results were corrected for sample 

absorption and plotted as contour plots (Howitt et al. 2008). To correct for drift in the instrument 

zero position, each contour plot was scaled by subtracting the average emission intensity across the 

range 200-210 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 shown in Figure A.1. The contour plots have the 

excitation wavelength (light shone into the sample) on the y-axis. On the x-axis is the emission 

wavelength (light given off by the sample). The intensity of the fluorescence (how much light is given 

off, corrected for 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 samples- key data is found between these two 

lines. 

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

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

in south-east 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 furtheǊ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ƻŦ ǘƘŜ ŜŎƻǎȅǎǘŜƳ ƛǎ ΨǘǊƛƎƎŜǊŜŘΩ 

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

guideline values during large overbank flows. The ANZECC water quality guidelines do not provide 

trigger levels for total organic carbon and dissolved organic carbon, and this reflects the expectation 

ǘƘŀǘ ǘƘŜǊŜ ǿƛƭƭ ōŜ ƭŀǊƎŜ ǾŀǊƛŀǘƛƻƴ ƛƴ ǘƘŜ ΨƴƻǊƳŀƭΩ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ ƻǊƎŀƴƛŎ ŎŀǊōƻƴ ōŜǘǿŜŜƴ 

ecosystems and also in the chemical and biological reactivity of the mixture of organic compounds 

making up the DOC and TOC at a particular site. Given the variable make-up 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 these are 

discussed below.  

A.4   Results 

Water Quality at 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 late-September through to December 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 multi-site watering in 2015 (Figure A2). There is then a slight 

drop in early September, 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.  The large 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 those measured during the algal bloom in Feb-May 2016 but comparable 

to those observed during the 2010-11 blackwater event that occurred following the millennium 

drought (Watts et al. 2017a) 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 system 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 sustained the 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 important to note that 

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 in this system recorded DOC in zone 4 in excess of 15 

mg/L during the flood period and over 20 mg/L further downstream (Watts et al. 2017b). DOC 

exceeding 20 mg/L is also reported for the additional monitoring in Thule Creek (see irrigation 

escapes section, below), which will contribute to DOC concentrations 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 continued to slowly decrease 

through the remainder 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 

seasons. 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 expected to be representative of 

all sites. During flood events water temperature is a critical parameter, as many processes affecting 

water quality such as rates of microbial respiration, chemical reactions (DOC leaching etc.) are 

temperature dependent (Howitt et al. 2007). Water temperatures were rising due to seasonal 

effects throughout the flood period, although a number of sharp increases of 2-3 degrees over a 

couple of days occurred during critical periods such as early October when the DOC concentrations 

had already reached their peak. 

 

Figure A2 Dissolved organic carbon at source and LTIM sites in 2014-15, 2015-16 and 2016-17. 
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Dissolved Oxygen 

Dissolved oxygen concentrations in both the Edward River at Deniliquin and the Wakool River at Gee 

Gee Bridge show a small dip in dissolved oxygen during August following the small unregulated flow 

at that time (Figure A 3 b, 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 cool 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 rising water 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. Reports of Murray Crayfish leaving the water began to be 

received from the 19/10/16 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 

rapid decline 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 recovery of dissolved 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 downstream sites. The lack of dissolved oxygen loggers in the 

Murray River upstream of Barmah forest prevents assessment of contributions of the floodplain 

further upstream to the hypoxic conditions (and indirectly the DOC loads) in this report. 

Figure A4 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, indicating that 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 than the other 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 highly available 

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) and a sharp increase in the concentrations of chlorophyll-

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

During the autumn recession flow period all sites maintained acceptable water quality. Zone 2 has 

the lowest DO concentrations 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 maintenance of acceptable DO over this 

period, especially in Zone 2 where flow would otherwise have been extremely low. 
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Figure A3 Temperature (a), dissolved oxygen and discharge for the Edward River at Deniliquin (b) and Wakool 
River at Gee Gee Bridge (c). Data: NSW DPI, Waterinfo.gov.au. 
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Figure A4 Dissolved oxygen (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 consistent with previous years (Figure A5). 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 intrusion. The last data point represents elevated EC during a 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 year (Figure A5). This is consistent with previous blackwater events- the 

water becomes strongly coloured but clarity improves as the high DOC concentrations appear to 

encourage particles to settle out of the water column. The high concentrations of DOC also explain 

the decrease in pH observed during this period- DOC 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 A5 Electrical conductivity, turbidity and pH for LTIM sites and source water over the 2014-15, 2015-16 
and 2016-17 sampling seasons. 

  


























































































































































































