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Murrumbidgee Region 

Assessment of the Lower Murrumbidgee River (in-channel 
flows) environmental water requirements 

1. Introduction 

The Water Act 2007 (Cwlth) established the Murray–Darling Basin Authority (MDBA) and tasked it 
with the preparation of a Basin Plan to provide for the integrated management of the Basin’s water 
resources. One of the key requirements of the Basin Plan is to establish environmentally sustainable 
limits on the quantities of surface water that may be taken for consumptive use, termed Sustainable 
Diversion Limits (SDLs). SDLs are the maximum long‐term annual average volumes of water that can 
be taken from the Basin and they must represent an Environmentally Sustainable Level of Take 
(ESLT).  

The method used to determine the ESLT is described in detail within ‘The proposed “environmentally 
sustainable level of take” for surface water of the Murray-Darling Basin: Method and Outcomes,’ 
(MDBA 2011). A summary of the main steps undertaken to determine the ESLT is presented in 
Figure 1. The assessment of environmental water requirements including specification of site‐
specific flow indicators at a subset of hydrologic indicator sites (Step 3 of the overall ESLT method) is 
the focus of this document. 

The work described herein is the MDBA’s current understanding of the environmental water 
requirements of the in‐channel environments of the Lower Murrumbidgee River. It is not expected 
that the environmental water requirements assessments will remain static, rather it is intended that 
they will evolve over time in response to new knowledge or implementation of environmental 
watering actions. Within this context, feedback is sought on the material presented within this 
document whether that be as part of the formal draft Basin Plan consultation phase or during the 
environmental watering implementation phase within the framework of the Environmental 
Watering Plan.  

1.1. Method to determine site-specific flow indicators 

Assessment of environmental water requirements for different elements of the flow regime using 
the hydrologic indicator site approach is one of the key lines of evidence that has informed the 
proposed SDLs. Effort focussed on regions and parts of the flow regime with greatest sensitivity to 
the scale of reduction in diversions necessary to achieve environmental objectives, an ESLT and a 
healthy working Basin. 

Within the overall framework of the ESLT method (Figure 1) the MDBA used an iterative process to 
assess environmental water requirements and develop site‐specific flow indicators.  

The hydrologic indicator site approach uses detailed eco‐hydrological assessment of environmental 
water requirements for a subset of the key environmental assets and key ecosystem functions 
across the Basin. Effort focused on high flow (freshes, bankfull flows and overbank flows) 
requirements reflecting the prioritisation of effort on parts of the flow regime that are most 



2 

sensitive to the determination of the ESLT and SDLs. The Lower Murrumbidgee River is one of the 
key environmental assets where a detailed assessment of environmental water requirements was 
undertaken.  

 

Figure 1 Outline of method used to determine an Environmentally Sustainable Level of Take 
(Source: MDBA 2011). 

Detailed environmental water requirement assessments lead to the specification of site‐specific flow 
indicators to achieve site‐specific ecological targets. Flow indicators were expressed at a hydrologic 
indicator site or sites. Environmental water requirements specified at hydrologic indicator sites are 
intended to represent the broader environmental flow needs of river valleys or reaches and thus the 
needs of a broader suite of ecological assets and functions. 
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This report provides a description of the detailed eco‐hydrological assessment of environmental 
water requirements for the in‐channel environments of the Lower Murrumbidgee River including 
information supporting the development of site‐specific flow indicators for the site (with reference 
to flows gauged on the Murrumbidgee River downstream of Balranald Weir). More information on 
how the site‐specific flow indicators for the site were used within the Basin‐wide modelling process 
to inform the ESLT (i.e. Step 5 and 6 in Figure 1) can be found in the report ‘Hydrologic modelling to 
inform the proposed Basin Plan: Methods and results’ (MDBA 2012). 

A description of the detailed eco‐hydrological assessments of environmental water requirements for 
other indicator sites are described in other documents in the series ‘Assessment of environmental 
water requirements for the proposed Basin Plan’. 

1.2. Scope and purpose for setting site-specific flow indicators 

The MDBA’s assessment of environmental water requirements and associated site‐specific flow 
indicators at hydrologic indicator sites has been used to inform the development of SDLs. This 
enables the MDBA to estimate the amount of water that will be required by the environment over 
the long‐term to achieve a healthy working Basin through the use of hydrological models. 
Accordingly, site‐specific flow indicators are not intended to stipulate future use of environmental 
water. MDBA expects that the body of work undertaken to establish these site‐specific flow 
indicators will provide valuable input to environmental watering but this watering will be a flexible 
and adaptive process guided by the framework of the Environmental Watering Plan and natural eco‐
hydrological cues. It will be up to the managers of environmental water, such as the Commonwealth 
Environmental Water Holder, State Government agencies, and local communities to decide how best 
to use the available environmental water during any one year to achieve environmental outcomes. 

2. Location and extent 

The Murrumbidgee River spans almost 1,600 km (Gilligan 2005) rising in the Monaro Plains near 
Cooma and flowing westward towards its junction with the River Murray (see Figure 2). The lowland 
section between Gundagai and Balranald has a well‐defined meandering channel with steep banks 
(Page et al. 2005). Bankfull channel width varies from about 80m at Gundagai and Wagga Wagga to 
less than 50m at Balranald (Page et al. 2005). Stream energy is generally low with channel slope 
declining between Gundagai and Balranald (Page et al. 2005).  

The meandering channels and wide floodplains of the lowland sections provide a range of aquatic 
habitats including pools, riffles, billabongs, snags and aquatic plants (Green et. al 2011). Given the 
range of both geomorphic and biophysical features, streams of the Murrumbidgee catchment are 
ecologically diverse (Gilligan 2005). This diversity provides a multitude of habitats that play a critical 
role in the life cycles of a variety of species. 
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Figure 2 Location and extent of Lower Murrumbidgee River key environmental asset 
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At a sub regional scale Gilligan (2005) determined that the section of the Murrumbidgee River below 
Wagga Wagga was the least degraded, with the fish community having a higher proportion of native 
species and native individuals than upstream sections. Highlighting the importance of the lowland 
section of the Murrumbidgee River, reaches between Wagga Wagga and Hay have been identified as 
supporting an important population of Murray cod (Maccullochella peelii peelii) which is listed as 
vulnerable under the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act). 
(National Murray Cod Recovery Team 2010). In addition Hillman (2004) reported that the 
Murrumbidgee River around Balranald is likely to support the most intact native fish populations 
when compared to other elements of the system. The intact nature of these communities is likely to 
result from the limited impacts from thermal pollution, maintenance of natural seasonal flow 
patterns and connectivity between the River Murray and upstream communities in the 
Murrumbidgee (Hillman 2004). 

Given these values, the report focuses on in‐channel environments of the Murrumbidgee River 
downstream of Wagga Wagga and in particular the lower reaches around Balranald. Separate 
reports specifying environmental water requirements and associated site‐specific flow indicators for 
the Mid‐Murrumbidgee River Wetlands and the Lower Murrumbidgee River Floodplain have also 
been prepared. 

3.  Ecological values 

Within the Murrumbidgee system, nine of the 23 (43%) native freshwater fish species thought to 
have occurred in the valley’s waterways are listed as threatened under state, territory or federal 
legislation (Table 1) (Gilligan 2005). Recognising the importance of the aquatic communities that 
exist downstream of Burrinjuck and Blowering Dams, the Murrumbidgee and Tumut Rivers 
downstream of the two headwater storages have been listed under as part of a larger endangered 
ecological community – the lower Murray River aquatic ecological community.   

Typical of other sections of the of the lower River Murray aquatic ecological community, the lowland 
areas of the Murrumbidgee River provide a wide range of habitats for fish and invertebrates, 
including pools, runs or riffles, backwaters and billabongs, snags, and aquatic plants (NSW 
Department of Primary Industries 2007). The ecological values of the Murrumbidgee River are 
reflected in the MDBA’s assessment against the criteria used to identify key environmental assets 
within the Basin. The MDBA established five criteria to identify assets based on international 
agreements and broad alignment with the National Framework and Guidance for Describing the 
Ecological Character of Australian Ramsar Wetlands (Department of the Environment, Water, 
Heritage and the Arts 2008) and the draft criteria for identifying High Conservation Value Aquatic 
Ecosystems (SKM 2007). 

Table 1: Threatened fish species of the Murrumbidgee Catchment 

Common name  Species  Conservation status  
Olive perchlet  Ambassis agassizii  Endangered population 

NSW
  

Silver perch  Bidyanus bidyanus  Vulnerable 
NSW 

 
Endangered ACT  

Murray hardyhead  Craterocephalus fluviatilis  Endangered 
NSW 

 
Vulnerable EPBC  



6 

Two-spined blackfish  Gadopsis bispinosus  Vulnerable 
ACT

  
Macquarie perch  Macquaria australasica  Vulnerable 

NSW
  

Endangered 
ACT 

 
Endangered EPBC  

Trout cod  Maccullochella macquariensis  Endangered 
NSW 

 
Endangered

 ACT 
 

Endangered EPBC  
Murray cod  Maccullochella peelii  Vulnerable 

EPBC
  

Southern purple-spotted gudgeon  Mogurnda adspersa  Endangered population 
NSW

  
Southern pygmy perch  Nannoperca australis  Vulnerable 

NSW
  

Conservation status superscripts: 
NSW

(NSW Fisheries Management Act 1994), 
ACT

(Nature Conservation Act 1980), 
EPBC

(Environment Protection and Biodiversity Conservation Act 1999). 

 

Based on the ecological values identified for the Lower Murrumbidgee River, the system meets four 
of the five key environmental asset criteria (Table 2). 

Table 2 Assessment of the Lower Murrumbidgee River against MDBA key environmental assets 
criteria 

Criterion Ecological values that support the criterion 

2.  The water-dependent 
ecosystem is natural or 
near-natural, rare or 
unique 

The Murrumbidgee River between Narrandera and Carrathool contains a system of lagoons 
and billabongs that are a good example of inland river and lagoon wetlands (Department of 
the Environment, Water, Heritage and the Arts 2010). This system of riverine wetlands is 
nationally important and has been listed in the Australian Wetlands Database.  

3.  The water-dependent 
ecosystem provides vital 
habitat 

The river reaches between Wagga Wagga and Hay have been identified as supporting an 
important population of Murray cod (Maccullochella peelii peelii) which is listed as 
vulnerable under the Environment Protection and Biodiversity Conservation Act 1999 
(EPBC Act). (National Murray Cod Recovery Team 2010). 

The section of the Murrumbidgee River downstream of Gundagai is thought to support 
stocked populations of trout cod (Maccullochella macquariensis), which is listed as 
endangered under the Environment Protection and Biodiversity Conservation Act 1999 
(EPBC Act). (Trout Cod Recovery Team 2008). 

4.  Water-dependent 
ecosystems that support 
Commonwealth, State or 
Territory listed threatened 
species or communities 

The Murrumbidgee system is thought to support a range of native fish species listed as 
threatened under Commonwealth or state legislation (see Table 1). 

5.  The water-dependent 
ecosystem supports, or 
with environmental 
watering is capable of 
supporting, significant 
biodiversity 

The NSW Fisheries Scientific Committee, established to review the status of aquatic 
ecological communities in the lower Murray, Murrumbidgee, and Tumut Rivers, found that 
in combination these systems support 23 native fish species and over 400 recorded native 
invertebrate species.   
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4. Hydrology 

The natural flow regime of the Murrumbidgee River was characterised by low average flows in 
summer and autumn and higher average flows in winter and spring (Page et al. 2005). Flows in the 
Murrumbidgee would have naturally been quite variable, with rainfall events in the upper and mid 
catchment creating flow pulses that would have travelled down the river for most of its length 
(Watts 2010). 

A number of dams have been built on the Murrumbidgee River and its tributaries and this river 
regulation has considerably altered the flow regime in terms of total volume, seasonal patterns of 
discharge, magnitude and frequency of floods, and frequency and duration of floodplain inundation 
(Watts 2010). 

In the section of Murrumbidgee River between Burrinjuck Reservoir and Wagga Wagga, the natural 
flow pattern has been altered with high storage releases occurring during summer and autumn and 
low flows during winter/spring while storages are replenished (Hillman 2004).   

A comparison of observed flows with modelled natural flows for the period 1970 to 1998 
undertaken by Read (2001) shows that river regulation has significantly reduced the magnitude of 
the smaller, relatively frequent floods. The magnitude of the 2 yearly floods has been reduced by 
between 29 and 37% from Gundagai downstream to Hay and by about 55% at Balranald (Read 
2001). The reduction is less for floods that would typically occur every five years, ranging from a 16% 
reduction at Narrandera to a 36% reduction at Balranald (Read 2001). 

Flow regulation has also affected the frequency and duration of floodplain inundation. Read (2001) 
also demonstrated that the duration of bankfull flow has been reduced by regulation, and has 
resulted in an approximate halving of the duration of floodplain inundation. This conclusion is 
supported by Page et al. (2005) who found that between Gundagai and Balranald, regulation had, for 
flood return periods of 1.25 to 5 years, reduced discharges by 25–40%. The Murray–Darling Basin 
Sustainable Yields Project by CSIRO (2008) showed that the average period between events with 
peak flows greater than 26,800 ML/d at Narrandera had nearly doubled as a result of water resource 
development. In addition, they found that the maximum period between these events had more 
than tripled (from 2.8 to 9.7 years). 

The above studies focus mainly on bankfull and overbank flows. To further explore the impact 
consumptive use and river regulation have had on other flow components, the MDBA analysed 
modelled flow data at Balranald and Darlington Point for the period 1895 – 2009. Figures 3 and 4 
show how flows in the lower reaches of the Murrumbidgee River have altered under current 
arrangements. These figures show that at both sites, current flows are now lower on average with a 
less defined seasonal peak.   

Further analysis of modelled flow data for the period 1895–2009 was undertaken to describe 
changes to hydrology for in‐stream events, specifically ‘freshes’. Fresh events are flow pulses 
exceeding the underlying baseflow and, depending on the river system, last anywhere between a 
few days and a few weeks.  Fresh events are contained within the confines of the channel –they are 
not large enough to provide overbank events.  Flow variability including freshes is important for the 
creation of aquatic habitats, allowing fish migration and providing cues for spawning (Humphries et 
al. 1999).  
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Figure 3 Modelled monthly flows for Murrumbidgee River at Balranald under without-
development and baseline (current arrangement) conditions for the period 1895-2009 

 

Figure 4 Modelled monthly flows for Murrumbidgee River at Darlington Point under without-
development and baseline (current arrangement) conditions for the period 1895-2009 
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The lower (baseflow) threshold is highly seasonal and for the purposes of MDBA fresh event analysis 
was defined using a hydrologic analysis based on high and low season (see MDBA 2012 for a 
description of the method used to define baseflows). The upper, bankfull threshold is based on 
surveyed cross sections located close to various stream gauges along the Murrumbidgee River. The 
complete results of this bankfull flows analysis are presented in Page et al. (2005) and summarised in 
Table 3.   

Table 3 Bankfull flows for various locations as defined in Page et al. (2005). 

Site Bankfull Stage (m) Bankfull Flow (ML/d) 

Gundagai 6.95 62,660 

Wagga Wagga 6.88 52,090 

Narrandera 6.64 38,220 

Darlington Point 5.41 26,460 

Hay 7.93 27,010 

Balranald 5.92 12,330 

Table 4 and 5 present the results of analysis of freshes under without‐development and current 
development conditions for both Darlington Point and Balranald. In essence the tables present the 
characteristics of flows that exceed the baseflow and are less than the bankfull flow (this being the 
definition of a fresh). Flows that exceed the upper, bankfull threshold are not included in this 
assessment.   

Table 4 Analysis of in-channel ‘freshes’ for low season and high season at Darlington Point 
modelled under without-development and baseline (current arrangement) conditions for 
the period 1895-2009 

Scenario 

Low Season (January – May) High Season (July – November) 

Baseflow 
(ML/d) 

Bankfull 
flow 

(ML/d) 

Number 
of 

freshes* 

Mean 
fresh 

duration 
(days)* 

Mean 
fresh 

volume 
(ML)* 

Baseflow 
(ML/d) 

Bankfull 
flow 

(ML/d) 

Number 
of 

freshes* 

Mean 
fresh 

duration 
(days)* 

Mean 
fresh 

volume 
(ML)* 

Without‐
Development 1857 26460 299 22.78 118496 5018 26460 279 24.52 273814 

Baseline 1857 26460 571 18.22 67083 5018 26460 318 16.43 187156 

Note: * freshes are defined as a flow event that exceeds the baseflow and is less than the bankfull flow.  This table shows the number of 
these events (freshes) that occurred in the model time period (114 years), as well as the mean duration and mean volume of these events. 
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Table 5 Analysis of in-channel ‘freshes’ for low season and high season at Balranald Weir 
modelled under without-development and baseline (current arrangement) conditions for 
the period 1895-2009 

Scenario 

Low Season (January – May) High Season (July – November) 

Baseflow 
(ML/d) 

Bankfull 
flow 

(ML/d) 

Number 
of 

freshes* 

Mean 
fresh 

duration 
(days)* 

Mean 
fresh 

volume 
(ML)* 

Baseflow 
(ML/d) 

Bankfull 
flow 

(ML/d) 

Number 
of 

freshes* 

Mean 
fresh 

duration 
(days)* 

Mean 
fresh 

volume 
(ML)* 

Without‐
Development 1627 12330 203 28.9 126753 4578 12330 110 39.02 299162 

Baeline 1627 12330 92 21.98 97151 4578 12330 147 19.71 144049 

Note: * freshes are defined as a flow event that exceeds the baseflow and is less than the bankfull flow.  This table shows the number of 
these events (freshes) that occurred in the model time period (114 years), as well as the mean duration and mean volume of these events. 

The results show that at both sites, freshes have been significantly affected by water resource 
development. While the number of freshes is often more than is found under without‐development 
conditions the ‘mean fresh duration’ and ‘mean fresh volume’ have declined. 

5. Determining the site-specific flow indicators for the Lower 
Murrumbidgee River (in-channel flows) 

5.1. Setting site-specific ecological targets 

The objective setting framework used to determine the ESLT is outlined in the report ‘The proposed 
“environmentally sustainable level of take” for surface water of the Murray-Darling Basin: Method 
and Outcomes’ (MDBA 2011). In summary, the MDBA developed a set of Basin‐wide environmental 
objectives and ecological targets, which were then applied at a finer scale to develop site‐specific 
objectives for individual key environmental assets. Using these site‐specific objectives, ecological 
targets that relate specifically to in‐channel environments of the Lower Murrumbidgee River were 
developed (Table 6). Information underpinning site‐specific ecological targets is shown in Table 5. 

Table 6 Site-specific ecological targets for the Lower Murrumbidgee River (in-channel). 

Site-specific 
ecological targets 

Justification of targets 

• Provide a flow regime 
which supports 
recruitment 
opportunities for a 
range of native 
aquatic species (e.g. 
fish, frogs, turtles, 
invertebrates) 

• Provide a flow regime 
which supports key 
ecosystem functions, 
particularly those 

The lowland sections of the Murrumbidgee River are recognised as containing vital habitat for 
native fish populations including vulnerable and endangered species such as Murray cod 
(Maccullochella peelii peelii) and Trout Cod (Maccullochella macquariensis). 

At a sub regional scale Gilligan (2005) determined that the section of the Murrumbidgee River 
downstream of Wagga Wagga was the least degraded, with the fish community having a higher 
proportion of native species and native individuals than upstream sections. Highlighting the 
importance of the river reaches downstream of Wagga Wagga, the section of river between 
Wagga Wagga and Hay has been identified as supporting an important population of Murray cod 
(Maccullochella peelii peelii) which is listed as Vulnerable under the Environment Protection and 
Biodiversity Conservation Act 1999 (EPBC Act). (National Murray Cod Recovery Team 2010).  



11 

related to longitudinal 
connectivity and 
transport of sediment, 
nutrients and carbon 

River reaches around Balranald are likely to support the most intact native fish populations in the 
Murrumbidgee due to limited impacts from thermal pollution, maintenance of natural seasonal 
flow patterns and connectivity between the River Murray and upstream communities in 
Murrumbidgee, (Hillman 2004). 

Key ecosystem functions support fish, birds and invertebrates by: 

• maintaining connectivity within and between water-dependent ecosystems; 
• protecting and restoring carbon and nutrient dynamics; and 
• protecting refuges to support long-term survival and resilience of the populations 

dependent on them during drought and allow for their subsequent recolonisation. 

Site‐specific ecological targets formed the basis of an assessment of environmental water 
requirements and the subsequent determination of site‐specific flow indicators for in‐channel 
environments of the Lower Murrumbidgee River, as described below. 

5.2. Determining site-specific flow indicators 

5.2.1. Fish 

The lowland sections of the Murrumbidgee System are recognised for their ability to support 
significant populations of native fish. The importance of this area is elevated because of the 
widespread decline of fish populations as shown through Sustainable Rivers Audit monitoring 
(Davies et al. 2008). Environmental water requirements for the lowland sections of the 
Murrumbidgee system have been developed to take into account the importance of native fish 
populations. 

The development of site‐specific flow indicators focused on assessment of the baseflow elements of 
the flow regime necessary to maintain connectivity in the lower sections of the Murrumbidgee. 
Other elements of the flow regime, specifically flow pulses or freshes, are also likely to be important 
for sustaining healthy populations of several key native large bodied fish species.  

There is still debate in the scientific literature as to the relative role of various types of flows to fish 
community dynamics, and an understanding of the nature of ‘fish ecology’‐‘rive r flow’ interactions 
are by no means clear (Humphries et al. 1999, Mallen ‐ Cooper and Stuart 2003, Graham and Harris 
2004; King et al. 2009). For example, it has been suggested that some fish species, such as the 
conservationally significant silver perch (Bidyanus bidyanus), which have been recorded in the 
Murrumbidgee system, require flow pulses or floods for spawning i.e. flood recruitment hypothesis 
(Humphries et al. 1999). Other factors such water temperature and day lengths, or the interaction of 
a range of environmental variables including flow, are suggested to also be important for native fish 
recruitment (King et al. 2009). 

Despite the ongoing debate regarding the link between hydrology and fish ecology, available 
evidence supports the provision of flows that connect the river channel to the floodplain as well as 
in‐channel flow variability as important to sustaining key ecological features such as native fish 
populations. Flow indicators described for other indicator sites in the Murrumbidgee system, 
primarily based on the water requirements of flood dependent vegetation communities, are 
expected to be sufficient to support life‐cycle and habitat requirements of native fish associated 
with connectivity between the river and floodplain.  

A number of documents have been assessed to determine a range of in‐channel flows required to 
support the life‐cycle and habitat requirements of native fish including provision of cues for 
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spawning and migration and access to food sources. However, it was found that no single existing 
plan or document sets out these requirements completely. 

Large bodied native fish species 

In a survey of 28 randomly selected monitoring sites Gilligan (2005) found the golden perch and 
Murray cod were two of the most widespread native species across the Murrumbidgee system. In 
addition to being widespread Gilligan (2005) found that golden perch and Murray cod were the 2nd 
and 3rd most important species in terms of biomass respectively. Humphries et al. (1999) review of 
scientific literature on spawning cues for native fish in the Murray‐Darling Basin states that golden 
perch and Murray cod spawning has been linked to rises in flow. Furthermore, Murray cod tend to 
spawn in a relatively short breeding period between October and December while golden perch tend 
to spawn October ‐ March (Humphries et al. 1999). 

Whilst freshes, along with a range of other factors such water temperature and day lengths, are 
suggested to be important for native fish recruitment, no ecological studies have been undertaken 
for the Lower Murrumbidgee River to define the specific requirements to achieve these outcomes in 
that specific location. The MDBA has therefore relied on hydrologic analysis of flows to define the 
characteristics of a fresh for the Lower Murrumbidgee River. 

In this approach the MDBA has used hydrologic analysis to define the lower limit of a fresh ‐ that is, 
the flow level that needs to be exceeded for the event to be considered a fresh. This was defined 
using the baseflow method described in MDBA (2012). Flow data were then analysed to determine 
the characteristics of flow events that exceed this lower limit, but remain within channel, as defined 
by the bankfull flows determined by Page et al. (2005). This information is provided in Table 7. 

This information was used to define site‐specific flow indicators, as set out in Table 8. The flow 
indicators for freshes describe a flow event that exceeds the minimum flow rate (baseflow) for a 
defined duration, with this duration being informed by the average duration of flows under 
modelled without‐development conditions. The approach used to determine the desired frequency 
of occurrence for these flows is described in Section 5.3. 

Table 7 Analysis of within-channel ‘freshes’ for critical periods in relation to key native fish 
species of October-December and October-March at Balranald Weir modelled under 
without-development and baseline (current arrangements) conditions for the period 
1895-2009. 

October - December 

Scenario 
Minimum flow 

(baseflow) 
(ML/d) 

Maximum flow 
(bankfull flow) 

(ML/d) 

Mean fresh duration 
(days) 

Mean fresh volume 
(ML) 

Without‐Development 4578 12330 29.78 292,414 

Current Arrangements 4578 12330 17.98 133,464 

October - March 

Without‐Development 3100 12330 30.79 199,065 

Current Arrangements 3100 12330 17.09 110,467 
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Small bodied native fish species 

Baumgartner (2004) found accumulations of several native and alien species downstream of 
Balranald Weir during summer and autumn. Small bodied species such as Australian smelt, 
crimson‐spotted rainbowfish, western carp gudgeon, common carp and goldfish dominated these 
accumulations. The accumulation patterns of these species suggest that they migrate in this section 
of river during summer and autumn (Baumgartner 2004). 

For at least one species, bony bream, seasonal accumulation can be related to previous observed 
spawning behaviour (Baumgartner 2004). He found adults formed a high proportion of the catch in 
spring samples downstream of Balranald Weir, whilst juveniles dominated catches in summer and 
winter. The appearance of juveniles in summer suggests that bony bream spawn in spring or earlier. 
Further, the re‐appearance of similar‐sized juveniles in winter also suggests a repeat spawning 
sometime in autumn. 

Based on life history traits and spawning style, and the importance of developmental interval of 
larvae at first breeding as well as the differential ability that this confers on larvae, Humphries et al. 
(1999) categorised native fish species of the Basin into 4 groups. He grouped Australian smelt, 
flatheaded gudgeon, carp gudgeons and spotted rainbowfish into a category where spawning was 
likely to be un‐related to high flows. As part of a review of scientific literature on spawning cues for 
native fish found in the Murray‐Darling Basin, Humphries et al. (1999) also reports that bony herring 
or bony beam are unlikely to require high flows for spawning. 

Given this, the environmental water requirements necessary to ensure habitat connectivity and 
enable migration of bony bream, Australian smelt, crimson‐spotted rainbowfish and carp gudgeon is 
based on the maintenance of low flows during summer and autumn. 

Reduced flows are not the only impediment to fish movement in the Lower Murrumbidgee with 
physical barriers in the form of weirs also limiting migration movements of native fish. Australia’s 
first Deelder fishlock was constructed at Balranald Weir in December 2002. Baumgartner (2003) 
studied its ability to provide passage for Australian native inland fish. As part of his study 
Baumgartner (2003) reviewed existing fishway literature and reported that to maximise entrance 
efficiency, attraction flow from a fishway must be at least 5% of the median total discharge over the 
weir crest (Larinier 1990, as reported in Baumgartner (2003). In the case of Balranald Weir, the 5% 
threshold is met when discharge is around 1,100 ML/day (Baumgartner 2003). 

5.2.2. Other Biota 

The understanding of flow‐ecology relationships for faunal groups other than native fish populations 
generally has more uncertainty owing to the reduced number of studies undertaken for these 
species. The MDBA is confident that the site‐specific flow indicators determined for native fish 
species will also have valuable beneficial effects on the life‐cycle and habitat requirements of 
amphibians, and water‐dependent reptiles and invertebrates. Key ecosystem functions associated 
with river connectivity and sediment and nutrient transport will also be enhanced. 
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5.3. Proposed flow indicators 

A number of factors present challenges in defining the environmental water requirements for in‐
channel flows in the Lower Murrumbidgee. The most significant of these is the uncertainty created 
by the inability to completely determine the importance of in‐channel flows in the life cycle of 
various native aquatic species.  

The site‐specific flow indicators for in‐channels flows in the Lower Murrumbidgee River system as 
set out in Table 8 represent an amalgam of best available information from existing literature 
described in Section 5.2, checked against an analysis of modelled without‐development and baseline 
flow data. Site‐specific flow indicators are expressed on the Murrumbidgee River downstream of 
Balranald Weir. This location is used because it is relevant to the information base and being near 
the end of the Murrumbidgee River, flows that reach this location must pass nearly the full length of 
the Murrumbidgee River. This ‘longitudinal connectivity’ of flow is important for ecological 
processes. 

Flow indicators as specified for fresh and baseflow elements of the flow regime attempt to strike a 
balance between desirable flow threshold, duration and timing with desirable frequency and 
represent a variable flow regime that is consistent with the “without‐development” hydrology of the 
site. Given the lack of information detailing species‐specific flow requirements an analysis of 
modelled without‐development flows has been used to guide the determination of site‐specific flow 
indicators.  

The site‐specific flow indicators needed to achieve ecological targets for the Murrumbidgee system 
should be read in their entirety to understand the environmental water requirements as multiple 
flow indicators will contribute to achieving each ecological target. This approach has been used 
because it is not possible to define a single flow threshold for each ecological target – often multiple 
different flow types are required to achieve one target.  

Generally, the flow indicator metric with the greatest level of uncertainty across the Basin is the 
definition of the desirable frequency of specified flow events, expressed as the proportion of years 
an event is required. This uncertainty is due to a number of reasons. Firstly, it is likely that there are 
thresholds for many plants and animals beyond which their survival or ability to reproduce is lost, 
but the precise details of those thresholds are mostly unknown or where there is information our 
knowledge is evolving. Secondly, in‐channel flows even under pre‐development conditions are 
extremely variable which subsequently makes specification of a single frequency metric deceptively 
certain. For many species and ecological communities the relationship between water provisions 
and environmental outcomes may not be threshold based, rather there could be a linear 
relationship between flow and the extent of environmental outcomes or the condition of a 
particular ecological species/community. 
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Table 8 Site-specific ecological targets and associated flow indicators for the Lower Murrumbidgee River (in-channel) 

Site-specific ecological targets 

Site-specific flow indicators Without-development and 
baseline event frequencies 

Flow rate 
required 
(measured at 
Balranald) 
(ML/d) 

Duration 
(minimum 
continuous) 

Timing 

Frequency – proportion of 
years event required  

Proportion of 
years event 
occurred under 
modelled 
without-
development 
conditions (%) 

Proportion of 
years event 
occurred 
under 
modelled 
baseline 
conditions (%) 

Low 
uncertainty 
(%) 

High 
uncertainty 
(%) 

Provide a flow regime which supports recruitment 
opportunities for a range of native aquatic species (e.g. fish, 
frogs, turtles, invertebrates) 

Provide a flow regime which supports key ecosystem 
functions, particularly those related to longitudinal 
connectivity and transport of sediment, nutrients and carbon 

1,100 25 days 
December to 
May 

77 58 96 32 

4,500 20 days 
October - 
December 

72 54 90 35 

3,100 30 days 
October - 
March 

73 55 91 29 

 Note: Multiplication of the flow rate by the duration and frequency (proportion of years event required) does not translate into the additional volume of water the site needs to be environmentally sustainable. 
This is because part of the required flow is already provided under baseline conditions. Additional environmental water required is the amount over and above the baseline flows. 
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Recognising the degree of confidence in specifying a desirable frequency, ‘low‐uncertainty’ and 
‘high‐uncertainty’ frequency of flow events have been specified (Table 8). For the low‐uncertainty 
frequency, there is a high likelihood that the environmental objectives and targets will be achieved. 
The lower boundary of the desired range is referred to here as the high uncertainty frequency. This 
is effectively the best estimate of the threshold, based on current scientific understanding, which, if 
not met, may lead to the loss of health or resilience of ecological communities, or the inability of 
species to reproduce frequently enough to sustain populations. The high‐uncertainty frequencies 
attempt to define critical ecological thresholds.  

For in‐channel flows in the Lower Murrumbidgee the MDBA has relied on general ecological 
principles to inform the high and low uncertainty frequencies.  

As advocated by Poff et al. (2010), the degree to which the hydrology of a system is altered from 
natural indicates a decline in the integrity of the aquatic ecosystem. In working rivers such as many 
of those in the Basin it is not possible nor desirable to reinstate ”natural” flows, however in general 
scientific methods use the degree of change, from natural flows, as a measure of assessment. 

As part of the Sustainable Rivers Audit (SRA), Davies et al. (2008) identified 5 classes to assess river 
condition and ecosystem health. In the SRA, reference condition is a reconstruction of the hydrology 
of the system without significant human intervention (e.g. dams, irrigation development) and is 
equivalent to the concept of ‘without‐development’ as applied in the modelling framework used by 
the MDBA. The classes identified in the SRA are in Table 9. 

Table 9 SRA ecosystem health classes 

Condition of ecosystem 
health 

Difference from reference 
condition 

Metric 

Good Near Reference Condition Greater than 80 % of reference 

Moderate Moderate Difference Greater than 60% of reference 

Poor Large Difference Greater than 40 % of reference 

Very Poor Vary large Difference Greater than 20% of reference 

Extremely Poor Extreme Difference Less than 20% of reference 

It is likely that the level to which flow alteration is important will be different for different fish 
species, different life stages of fish species and for other biota and ecosystem functions. However 
there is a reasonably limited science base to draw on to set informed high‐ and low‐uncertainty 
frequencies. As such, as a first step to including flow indicators for in‐stream needs, the MDBA has 
drawn on the SRA classification and is proposing that 60% protection of key aspects of the in‐stream 
flows as a reasonable start to identify in‐stream needs. For major floodplain assets such as those 
described in other environmental water requirement reports, a larger information base is available 
to identify site‐specific flow indicators. 

Based on these principles the high‐ and low‐uncertainty frequencies for the in‐stream flows specified 
here are defined based on an analysis of modelled without‐development flow with the high‐ and 
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low‐uncertainty frequencies set at 60% and 80% of the frequency that the specified events occurs 
under without‐development conditions. 

6. Flow Delivery Constraints 

Basin wide environmental objectives have been developed within the context of being deliverable in 
a working river system that contains public and private storages and developed floodplains. To 
understand and assess the implications of key constraints on the ability to achieve flow indicators 
specified for in‐channel flows in the lower sections of the Murrumbidgee River, MDBA has drawn 
upon a combination of existing information (e.g. Water Sharing Plans, operating rules of water 
agencies, flood warning levels) and practical knowledge of river operators supported by testing using 
hydrological modelling.  

Given the relatively low thresholds of the site‐specific flow indicators, they are considered 
deliverable as mostly regulated flows (Table 10).   

 

Table 10 Site-specific flow indicators for in-channel flows in the lower section of the 
Murrumbidgee River and the effect of system constraints 

Site-specific ecological targets Site-specific flow indicators 
Provide a flow regime which supports recruitment 
opportunities for a range of native aquatic species (e.g. 
fish, frogs, turtles, invertebrates) 

Provide a flow regime which supports key ecosystem 
functions, particularly those related to longitudinal 
connectivity and transport of sediment, nutrients and 
carbon 

1100 ML/d for 25 consecutive days between December & May for 
58% of years 

4500 ML/d for 20 consecutive days between October & December 
for 54% of years 

3100 ML/d for 30 consecutive days between October & March for 
55% of years 

 

Key 

 Achievable under current operating conditions 
Flow indicators highlighted in blue are considered deliverable as mostly regulated flows under current 
operating conditions. 

 Achievable under some conditions (constraints limit delivery at some times) 
Flow indicators highlighted in yellow are considered achievable when delivered in combination with tributary 
inflows and/or unregulated flow events. They may not be achievable in every year or in some circumstances, 
and the duration of flows may be limited to the duration of tributary inflows. 

 Difficult to influence achievement under most conditions (constraints limit delivery at most times) 
Flow indicators highlighted in brown require large flows that cannot be regulated by dams and it is not 
expected that these flows can currently be influenced by river operators due to the river operating constraints 
outlined above. 
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7. Summary and conclusion 

The Lower Murrumbidgee River is a key environmental asset within the Basin and is an important 
site for the determination of the environmental water requirements of the Basin. MDBA has 
undertaken a detailed eco‐hydrological assessment of in‐channel flows for the Lower Murrumbidgee 
River. Specified flow indicators are indicative of a long‐term flow regime required to enable the 
achievement of site‐specific ecological targets for in‐channel environments along the Lower 
Murrumbidgee River and for the broader river valley and reach. Along with other site‐specific flow 
indicators developed across the Basin at other hydrologic indicator sites, these environmental flow 
requirements were integrated within hydrological models to inform the ESLT. This process, including 
consideration of a range of constraints such as those outlined in Section 6, is described in further 
detail within the companion report on the modelling process ‘Hydrologic modelling to inform the 
proposed Basin Plan: Methods and results’ (MDBA 2012).  

The flow indicators in this report are used to assess potential Basin Plan scenarios. MDBA (2012) 
summarises how the proposed draft Basin Plan released in November 2011 performs against flow 
indicators for in‐channel flows in the Lower Murrumbidgee River. 
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Appendix A 
Data used in producing hydrologic indicator site maps 

Data Dataset name Sourcea 

Basin Plan regions Draft Basin Plan Areas 25 May 2010 Murray–Darling Basin Authority (2010) 

Dam walls/barrages GEODATA TOPO 250K Series 3 Topographic Data Geoscience Australia 2006 

Gauges 100120 Master AWRC Gauges  

Icon sites Living Murray Indicative Icon Site Boundaries Murray–Darling Basin Commission 
(2007) 

Irrigation areas Combined Irrigation Areas of Australia Dataset Bureau of Rural Sciences (2008) 

Lakes GEODATA TOPO 250K Series 3 Topographic Data Geoscience Australia (2006) 

Maximum wetland 
extents 

Wetlands GIS of the Murray–Darling Basin Series 2.0 
(Kingsford) 

Murray–Darling Basin Commission 
(1993) 

National parks/nature 
reserves  

Digital Cadastral Database New South Wales Department of 
Lands (2007) 

National parks/nature 
reserves 

Collaborative Australian Protected Areas Database — 
CAPAD 2004 

Department of the Environment, Water, 
Heritage and the Arts (2004) 

Nationally important 
wetlands 

Directory of Important Wetlands in Australia Spatial 
Database 

Department of the Environment, Water, 
Heritage and the Arts (2001) 

Ocean and landmass GEODATA TOPO 250K Series 3 Topographic Data Geoscience Australia (2006) 

Ramsar sites Ramsar wetlands in Australia Department of the Environment, Water, 
Heritage and the Arts (2009) 

Rivers Surface Hydrology (AUSHYDRO version 1-6) Geoscience Australia (2010) 

Roads GEODATA TOPO 250K Series 3 Topographic Data Geoscience Australia (2006) 

SRA Zones Sustainable Rivers Audit Zones MDBA 2008 

State border GEODATA TOPO 250K Series 3 Topographic Data Geoscience Australia (2006) 

State forests Digital Cadastral Database New South Wales Department of 
Lands (2007) 

Towns GEODATA TOPO 250K Series 3 Topographic Data Geoscience Australia (2006) 

Weirs Murray–Darling Basin Weir Information System Murray–Darling Basin Commission 
(2001) 

Weirs 2 River Murray Water Main Structures Murray–Darling Basin Authority (2008) 
a Agency listed is custodian of relevant dataset; year reflects currency of the data layer. 
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