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Executive Summary 

The Murray-Darling Basin (MDB) supports a vibrant, unique and highly important environment, as well as 

providing significant social and economic value to regional communities. Five years into Basin Plan 

implementation, there is a need to begin assessing progress towards goals and lay the groundwork for the 

full Basin Plan evaluation intended for 2020. Thus, the purpose of this report was to: 

 Provide a snapshot summary of progress to date* from environmental watering in Victoria, and 

where possible outline ecological responses and outcomes for fish, waterbirds, vegetation and 

connectivity that are consistent with Basin Plan objectives. 

 Highlight key success stories from environmental water in Victoria to demonstrate the value of 

environmental water to the community. 

*Note: this report is not intended to be a comprehensive review or evaluation, but rather to support and 

inform the development of communication summary content for release to the public. 

In Victoria, significant progress has been made in implementing the Basin Plan including preparation of three 

Long-Term Watering Plans (LTWP), provision of environmental water to around 80 sites in multiple years to 

benefit the environment, and establishment of monitoring at over 30 locations to evaluate the impact and 

effectiveness of environmental water to benefit fish, waterbirds, vegetation and connectivity.  

Using a list of LTWP objectives, monitoring programs and asset locations, key knowledge holders of 

monitoring information were contacted and asked to provide monitoring information. Information received 

was reported on in three ways including: 1) quantitatively reported on per LTWP objective, 2) provided a 

traffic light progress rating for progress towards each LTWP objective based on the monitoring information 

available, and 3) highlighted in environmental watering case studies.  

Fish  

Progress towards all four objectives were regarded as on track. Monitoring revealed increases in abundance 

of large bodied native fish, native species richness being maintained, and small-bodied native fish 

distribution and abundance being maintained and/or increasing in monitored systems. 

Waterbirds 

Progress towards all three objectives were regarded as on track. Opportunities have been provided for 

waterbird habitat in environmental watering. Monitoring has revealed that a large number and diversity of 

waterbirds are utilising the habitat for feeding and in some cases breeding, including rare and nationally 

threatened species. 

Vegetation 

Progress towards the objective of maintaining aquatic vegetation in wetlands was regarded as on track, due 

to positive responses to environmental watering including greater native vegetation cover, species richness 

and supporting threatened plant species. Progress towards five other objectives were regarded as data 

limited, due to a limited number of systems monitored to date (riparian, lignum and shrub) and too short 

timeframes to expect responses (Red Gums and Black Box).  

Connectivity  

Progress towards both objectives were regarded as on track, with environmental water provided to most 

systems in most years. 

Other  

Progress towards the objective of maintaining adequate surface water salinity to enable growth and 

reproduction of aquatic vegetation was regarded as on track. Progress towards the objective of maintaining 

species richness of frog communities was regarded as data limited, as despite positive case studies, no 

systems have yet been monitored consistently for frogs. 

Conclusion 

This report highlights that significant progress from provision of water for the environment in Victoria is being 

seen in ecological responses and outcomes for most groups. Further learning from environmental watering 

will improve its use and result in even better outcomes for the environment.   
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Introduction 

The Murray-Darling Basin supports a vibrant, unique and highly important environment, as well as providing 

significant social and economic value to regional communities. Over time, the Murray-Darling Basin 

environment has suffered due to water being removed for important consumptive uses including agriculture, 

stock and domestic use. In 2012, The Commonwealth Government established the Basin Plan 

(Commonwealth of Australia 2012) with an aim to improve the Murray-Darling Basin environment, whilst 

balancing social and economic needs. A key part of the Basin Plan is the recovery of 2,750 GL of water a 

year for the environment to benefit the ecosystem including fish, birds, vegetation and connectivity. 

The Basin Plan sets out overall environmental objectives for the water-dependent ecosystems of the Murray-

Darling Basin including: 

a) to protect and restore water-dependent ecosystems of the Murray-Darling Basin; and 

b) to protect and restore the ecosystem functions of water dependent ecosystems; and 

c) to ensure that water-dependent ecosystems are resilient to climate change and other risks and 

threats. 

Targets to measure progress towards environmental outcomes are split into intermediate targets up to 30 

June 2019 and longer-term targets from 1 July 2019 (Figure 1). 

 

   
 

   
 
The environment including fish, birds, vegetation are set to benefit under the Basin Plan. Top left: Royal Spoonbill with chicks 

(Keith Ward, Goulburn Broken CMA). Top right: Murray cod (Paul Thomas). Bottom left: Common spadefoot at Moodie Swamp 

(Jo Wood, Goulburn Broken CMA). Bottom right: Red Gums at Hattah Lakes (Paul Brown, Murray Darling Freshwater Research 

Centre) 
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Figure 1. Targets to measure progress towards overall environmental objectives for water-dependent ecosystems of the 

Murray-Darling Basin (Commonwealth of Australia 2012). 
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Building on Basin Plan targets, the 2014 Basin-Wide Environmental Watering Strategy (BWS) (MDBA 2014) 

lists quantified environmental expected outcomes for river flows and connectivity, vegetation, waterbirds and 

fish beyond 2019 (Figure 2). Broadly speaking, these goals relate to maintenance and improvement of:  

• connectivity (through flows),  

• vegetation condition and extent,  

• waterbirds breeding and diversity, and  

• fish distribution, breeding, abundance and movement. 

Five years into Basin Plan implementation, there is a need to begin assessing progress towards goals to: a) 

address community concerns as to whether Basin Plan implementation is on track to delivering expected 

environmental outcomes and b) lay the groundwork for the full Basin plan evaluation intended for 2020 

(Figure 3). 

Consequently, the purpose of this report is to: 

 Provide a snapshot summary of progress to date* from environmental watering in Victoria, and 

where possible outline ecological responses and outcomes for fish, waterbirds, vegetation and 

connectivity that are consistent with Basin Plan objectives. 

 Highlight key success stories from environmental water in Victoria to demonstrate the value of 

environmental water to the community. 

 

Figure 2. Summary of quantified environmental expected outcomes for river flows and connectivity, vegetation, waterbirds 

and fish beyond 2019 listed in the Basin-wide Environmental Watering Strategy (MDBA 2014). 

*Note, this report is not intended to be a comprehensive review or evaluation, but rather to support and inform the 

development of communication summary content for release to the public. 
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Figure 3. Basin Plan implementation timeline progress                                                                                                              

(Source. MDBA website: https://www.mdba.gov.au/basin-plan-roll-out/monitoring-evaluation). 

 
 
 
 

 

 
Black swans feeding at Lake Elizabeth following environmental watering in 2016 (Source: Amy Russell, North Central CMA) 

  

https://www.mdba.gov.au/basin-plan-roll-out/monitoring-evaluation
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Approach and Victorian Context 

In Victoria, significant progress has been made in implementing the Basin Plan. First, three Long-Term 

Watering Plans (LTWPs) were prepared in 2015 in accordance with the Basin Plan and the BWS (DELWP 

2015a, DELWP 2015b, DELWP 2015c). These were developed for the Northern Victoria, Victorian Murray 

and Wimmera-Mallee Water Resource Planning Regions (Figure 4). LTWPs describe ecological objectives 

and targets for priority water dependent assets in the region and environmental water requirements. 

Second, over 800 GL of Victoria’s 1075 GL recovery target has been transferred for the environment (or 
contracted to recover) representing 76% of the total amount to be recovered in Victoria (as of 30 Sepetmber 
2017 - Ecological Associates 2017, MDBA 2017).  

Third, environmental water has been delivered to around 80 locations to benefit the ecosystem of fish, 

waterbirds and vegetation in the Victorian Murray-Darling Basin (Pers. Comm. Andrew Sharpe, Victorian 

Environmental Water Holder),  

Fourth, monitoring programs have been established at over 30 locations where environmental water is being 

delivered, to evaluate the impact and effectiveness of environmental water to benefit fish, birds, vegetation 

and connectivity (Figure 5).  

 

Figure 4. Water Resource Plan Areas in Victoria. 
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Figure 5. Key environmental watering monitoring locations in Victoria for fish, waterbirds and vegetation in 2016/17. Other 

locations are monitored on a less frequent basis by Catchment Management Authorities. 

 

The benefits of environmental water are expected to be realised over time. Environmental water is a part of a 

collective long-term investment in actions to improve waterway health, which may take 30 years or more to 

see the full benefits (Figure 6; State Government of Victoria 2016). As the Basin Plan was implemented in 

2012, and most monitoring programs are in their early stages of data collection, it is premature to expect the 

full environmental benefits to be seen. However, some environmental water monitoring programs in Victoria 

pre-date the Basin Plan and have been revealing some early responses from environmental water. This 

report builds on a gap analysis conducted by Ecological Associates (2017), whereby LTWP objectives for 

fish, waterbirds, vegetation and connectivity (Table 1) were related to well-established environmental water 

monitoring programs in key asset locations (Table 2). 

 

 
Figure 6. Conceptual timeline of river restoration management  (State Government of Victoria 2016) 
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Table 1. Long-Term Watering Plan Objectives and Water Resource Planning Areas (DELWP 2015, DELWP 2015, DELWP 2015) 

Category LTWP Objective 
Water Resource Planning 

Area/s 

Fish 

Improve abundance of large-bodied native fish 
Northern Victoria, Victorian 
Murray, Wimmera Mallee 

Maintain species richness of native fish 
Northern Victoria, Victorian 
Murray, Wimmera Mallee 

Maintain abundance of small-bodied native fish in 
wetlands 

Victoria Murray 

Maintain distribution of threatened small-bodied native 
fish 

Victoria Murray 

Waterbirds 

Improve breeding opportunities for waterbirds Wimmera Mallee 

Improve habitat for waterbirds 
Northern Victoria, Victorian 

Murray 

Improve breeding opportunities for colonial nesting 
waterbirds 

Victoria Murray 

Vegetation 

Improve condition of riparian EVCs Wimmera Mallee 

Maintain condition of aquatic vegetation in wetlands Northern Victoria 

Maintain condition of river Red Gum dominated EVCs Northern Victoria 

Improve condition of river Red Gum dominated EVCs Victoria Murray 

Improve condition of Black Box dominated EVCs Victoria Murray 

Improve condition of shrub and lignum dominated EVCs Victoria Murray 

Connectivity 

Improve longitudinal connectivity between river reaches 
and with the River Murray 

Northern Victoria 

Improve connectivity between floodplains, anabranches 
and wetlands 

Victoria Murray 

Other 

Maintain adequate surface water salinity to enable 
growth and reproduction of aquatic vegetation 

Wimmera Mallee 

Maintain species richness of frog communities 
Northern Victoria, Victorian 

Murray 

 

 

Table 2. Well-established environmental water monitoring programs and locations in Victoria 

Environmental Water Monitoring Program Asset Location/s 

The Living Murray program 

Barmah Forest 

Gunbower Forest 

Hattah Lakes 

Lindsay-Mulcra-Walpolla Islands 

Long-term Intervention Monitoring Goulburn River 

Victorian Environmental Flows Monitoring 

Assessment Program (VEFMAP) 
Various 
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Data collection and analysis 

Using a list of LTWP objectives, monitoring programs and asset locations, key knowledge holders of 

monitoring information (Table 3) were asked to provide the following details, including whether;  

1. Assets or systems had received environmental water in each year since Basin Plan establishment 

between 2012-2017, 

2. Monitoring results in years since Basin Plan establishment 2012-2017 had revealed evidence informing 

whether the progress towards the LTWP objectives being met in future; and 

3. Environmental watering in years since Basin Plan establishment 2012-2017 had likely contributed to the 

evidence supporting the LTWP objective being met in future. 

 

Table 3. Key knowledge holders contacted in sourcing environmental monitoring information 

Monitoring program/agency affiliation Contact/s 

The Living Murray program Susan Watson 

Victorian Environmental Water Holder Andrew Sharpe, Erin Round 

Victorian Environmental Flows Monitoring and Assessment 

Program (VEFMAP) 

Zeb Tonkin, Chris Jones, Jacqui Brooks, Laura 

Caffrey 

Long-Term Intervention Monitoring Wayne Koster, Kay Morris 

Arthur Rylah Institute Jarod Lyon, Phil Papas, Claire Moxham 

Goulburn Broken Catchment Management Authority Keith Ward, Jo Wood, Mark Turner 

North Central Catchment Management Authority Kathryn Stanislawski, Kevin Mah, Amy Russell 

Mallee Catchment Management Authority Andrew Greenfield, Leigh Pyke 

Wimmera Catchment Management Authority Greg Fletcher, Tony Baker, Jace Monaghan 

Waterbird and vegetation monitoring Damien Cook, Kate Bennetts 

 

Information received was reported on in three ways: 

1. Quantitatively reported on per LTWP objective. For example: “Of six systems that have been 

monitored from 2012 that provide information on ‘Improve abundance of large-bodied native fish’, 

four systems showed responses…”.  

2. A traffic light progress rating was provided for progress towards each LTWP objective based on the 

available monitoring information:  

- On track – available evidence suggests the objective is likely to being met in future,  

- Data limited – available evidence is insufficient to indicate whether the objective will be met in 

future, due to spatial limitations (too few systems monitored) or temporal limitations (too soon to 

expect responses to be detected), 

- Area of concern – available evidence suggests the objective is unlikely to being met in future.  

3. Case studies of key highlight environmental watering outcomes were detailed.  
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Results 

Fish 

There are an estimated 45 species of native fish in the Murray-Darling Basin (Lintermans 2007). In 2003, 

native fish populations in the Murray–Darling Basin are estimated to be 10% of their pre-European-

settlement levels (MDBC 2003). Whilst some native fish species are on the road to recovery thanks to suite 

of river health management actions including instream and riparian habitat restoration, improved connectivity 

through fishways and native fish stocking, there is considerable scope for further improvements. In Victoria, 

there are four objectives for use of environmental water in relation to fish set out in Victorian Long-Term 

Watering Plans. These include: 

• Improve abundance of large-bodied native fish,  

• Maintain species richness of native fish,  

• Maintain abundance of small-bodied native fish in wetlands, and  

• Maintain distribution of threatened small-bodied native fish.  

Improve large-bodied native fish abundance 

Eight systems have been monitored from 2012 and provide information on large bodied native fish 

abundance in relation to environmental flows. General increases in native fish population abundance have 

been observed in all systems. Increases in abundance has been observed for five large bodied native fish 

species including Murray cod, golden perch, trout cod, silver perch and catfish. Some systems, such as the 

Goulburn River and Gunbower Creek have revealed increased abundance in four large-bodied native fish 

species (Bloink and Robinson 2016, Tonkin et al. 2017). Fluctuating abundance have also been recorded in 

six systems for four species, however no systems appeared to show any general declines in abundance of 

large-bodied native fish species since 2012.  

 

 

Environmental water has contributed to increases in abundance of Murray cod in several systems since 2012 (Source: Paul 

Thomas) 

 

While it is acknowledged that multiple factors may have contributed to the general increases in abundance 

(including habitat restoration, connectivity, fish stocking and general recovery from the Millennium drought 

etc.), monitoring has also revealed that environmental watering has resulted in triggering key population 
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responses that lead to population outcomes, providing strong evidence that it has also contributed to the 

increases in abundance of large bodied-native fish species. Environmental watering has been found to result 

in population responses including spawning, movement and recruitment in three systems for three species. 

This has included environmental watering resulting in the movement of golden perch and silver perch in the 

Goulburn and Campaspe rivers (Koster et al. 2016, Tonkin et al. 2017), the spawning of golden perch in the 

Goulburn River (Koster et al. 2016) and the increased survival and recruitment of Murray cod in Gunbower 

Creek (Bloink and Robinson 2016).  

Based on the available evidence, it appears progress towards the LTWP objective of improve abundance of 

large-bodied native fish is regarded as on track. Building more integrated monitoring programs to track 

increases in biomass will assist in determining whether this objective is met in future. 

 

Maintain native fish species richness  

Native species richness is defined as the count or number of native species present. Eight systems that have 

been monitored since 2012 provide information on native fish species richness in relation to environmental 

flows. Seven of these systems appear to show variable native species richness between sites and habitat; 

however, at a system scale native species richness was relatively constant through time. In one system, the 

Wimmera River, there appears to have been a small increase in native species richness since 2012 (Bloink 

et al. 2016). 

Based on the available evidence, progress towards the LTWP objective of maintain native fish species 

richness is regarded as on track. 

 

Trout cod caught in 2015 surveys of the Goulburn river (Source: Webb et al. 2017) 

Maintain small-bodied native fish  

Four systems that have been monitored since 2012 provide information on small-bodied native fish 

abundance in wetlands and/or small-bodied native fish distribution in relation to environmental flows. All 

systems appear to have maintained their small bodied species suggesting distribution has been maintained 

on a large scale. Abundance of small bodied native fish at Barmah Forest and Hattah Lakes appear to have 

increased (Raymond et al. 2016, Brown et al. 2017), with the remaining two systems showing no particular 

trend in abundance (Bloink and Robinson 2016, Brown et al. 2017).  

Based on the available evidence, progress towards the LTWP objectives of maintain abundance of small-

bodied native fish in wetlands and maintain distribution of small-bodied native fish are regarded as on track. 
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Case studies of environmental water benefitting fish in Victoria 

More golden perch in the Goulburn River 

Environmental water has helped increase the number of golden perch in the Goulburn river by approximately 

300% between 2012 and 2017. Environmental flows in the Goulburn River have cued both the spawning and 

long-distance migration of golden perch in all four years when targeted flows have been delivered and 

monitored (Koster et al. 2016, Tonkin et al. 2017) and preliminary research suggests around 30% of golden 

perch present in the population are from successful spawning in the Goulburn River (Pers. Comm. Wayne 

Koster). This provides strong evidence that environmental flows have contributed to the dramatic increase in 

abundance of golden perch, alongside other complementary river health activities such as habitat 

restoration, improved connectivity through fish ways and native fish stocking. Over the same time period 

other fish species in the Goulburn and Campaspe River including Murray cod, silver perch, trout cod and 

Murray rainbowfish have also increased in abundance (Tonkin et al. 2017), supporting the benefit of 

environmental flows. 

   

Environmental water has cued spawning, long-distance migration and recruitment in the Goulburn River (Left: Zeb Tonkin 

Right: Ross Threlfall) 

 

Annual trends in catch per unit effort (CPUE; Mean number of fish per 1000 EF seconds-1 ± SE) for golden perch (top) and 

Murray cod (bottom), recorded from electrofishing surveys in Reach 4 of the Goulburn River from 2008 - 2017. (Source: Zeb 

Tonkin) 
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Threatened silver perch return to the Murray, Goulburn and Campaspe Rivers 

In association with environmental flows delivered in early 2017, silver perch were found to undertake long-

distance migration into Victorian tributaries of the Goulburn and Campaspe rivers. This was the first-time 

silver perch had been recorded in these systems for 10 years. Furthermore, approximately 70% of those fish 

that moved into the tributaries remained there, suggesting environmental flows contribute to a long-term 

benefit to the population. Data collected since 2012 indicates silver perch abundances in the Campaspe and 

Goulburn rivers were at a high in 2017 (Tonkin et al. 2017). Since 1991, 107,000 silver perch have moved 

through the Torrumbarry fishway (DELWP 2017). 

 

 

Silver perch have responded strongly to environmental flows in the Goulburn and Campaspe rivers (Source: Jarod Lyon, 

Arthur Rylah Institute) 

Increased survival and abundance of Murray cod in Gunbower Creek 

Since 2013, environmental flows in the Gunbower Creek have coincided with improved recruitment and 

survival of Murray cod (Bloink and Robinson 2016). From 2006-2013 a fractured population structure was 

reported for Murray cod with an absence of any fish less than three years of age. Since flows commenced in 

2013, Murray cod have showed improved survival and in 2016 the highest abundance was seen since 2006. 

The Gunbower Creek Murray Cod population structure now appears healthy and is well represented by 

juvenile and sub-adult size classes (Bloink and Robinson 2016).   

Threatened trout cod returning to Gunbower Creek 

Environmental flows are helping to return threatened native fish species to Gunbower Creek. Trout cod is a 

threatened native fish species that was last caught in Gunbower Creek in 2008. Following several years of 

environmental flows, monitoring has again caught trout cod in Gunbower Creek in 2014 and 2016 (Ingram et 

al. 2015, Bloink and Robinson 2016). A survey of Gunbower Creek in 2017 has since detected another three 

trout cod (Lieschke Unpublished), suggesting positive signs for restoring the trout cod in the system.  
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Southern Pygmy Perch extending distribution in Wimmera tributaries 

Environmental flows are benefiting the threatened Southern Pygmy Perch in the Lower MacKenzie River and 

Burnt Creek by maintaining habitat (Stevenson and Bloink 2017). Southern Pygmy Perch are showing good 

recruitment levels following environmental watering and have extended distribution at downstream sites 

where they have previously not been recorded before. 

 

Southern Pygmy Perch have extended their range along the Lower MacKenzie River and Burnt Creek (Source: Greg Fletcher, 

Wimmera CMA) 

 

Native fish species diversity being maintained in the Goulburn River 

Environmental watering is helping to maintain a diverse array of native fish species populations in the 

Goulburn river including, recreational species such as Murray cod and golden perch, threatened species 

such as trout cod and Silver perch and other native species such as Murray rainbowfish, bony bream, 

Australian smelt, carp gudgeon and flathead gudgeon (Webb et al. 2016).  

 

The Goulburn river supports a diversity of native fish species (Source: Mark Turner, Goulburn Broken CMA)  
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Small bodied native fish numbers explode in the Hattah Lakes 

Environmental watering has resulted in a tremendous increase in small-bodied native fish numbers at the 

Hattah Lakes. In 2012-13, monitoring recorded 381 fish from five species, and over the subsequent years 

this has steadily increased to 41,550 fish from six small-bodied native fish species in 2016-17 (Brown et al. 

2017). These include threatened species such as Murray-Darling Rainbowfish and Unspecked Hardyhead. 

Some of these fish returned to the Murray River when the lakes are draining.  

 

 

Small-bodied native fish have increased in abundance due to environmental watering of Hattah Lakes (Source: Murray Darling 

Freshwater Research Centre) 

Threatened Rainbowfish on the rise in the Goulburn River 

Environmental watering has helped improve the abundance of the threatened Murray rainbowfish in the 

Goulburn and Campaspe rivers since 2012 (Tonkin et al. 2017). Between 2015 to 2017, Murray rainbowfish 

are magnitudes higher abundance than in 2012. In 2017, they were the third most abundant species 

recorded in electrofishing surveys (Tonkin et al. 2017). 

 
Murray rainbowfish have increased in abundance in the Goulburn and Campaspe Rivers (Source: Jarod Lyon, Arthur Rylah 

Institute) 
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Waterbirds 

Around 100 species of waterbirds have been recorded in the Murray-Darling Basin (Birdlife Australia 2014). 
Since the 1980’s, waterbirds have suffered declines in abundance by over 70% (Birdlie Australia 2014, 
Porter et al. 2016). This has been attributed to range of factors including drought, habitat loss, feral animals 
and development overseas impacting feeding and breeding of migratory birds. As waterbirds are coming off 
a such low population base, change will be slow. Three objectives for using environmental water are aimed 
at providing opportunities for waterbirds in the Victorian Long-Term Watering Plans: 

• Improve habitat for waterbirds,  

• Improve breeding opportunities for waterbirds, and 

• Improve breeding opportunities for colonial nesting waterbirds.  

Improve habitat for waterbirds 

Of 24 systems identified in LTWPs as priorities for improving habitat for waterbirds with environmental water, 

22 systems received environmental water at least once between 2012-13 and 2016-17. Three systems 

received environmental water in all five years, six systems in four years, three systems in three years, six 

systems in two years and the remaining four systems in one year. These watering events have provided 

habitat opportunities for waterbirds. Bird habitat use in the form of feeding and sometimes breeding has been 

found in all 18 systems that have been monitored and received environmental water between 2012-13 and 

2016-17 (GBCMA 2013, DELWP 2015d, Cook and Bayes 2016, DELWP 2016, Mallee CMA 2016, Cook and 

Bayes 2017).   

Based on the available evidence, progress towards the LTWP objective of improve habitat for waterbirds is 

regarded as on track. 

 
Rufous Night Heron at Barmah Forest (Source: Keith Ward, Goulburn Broken CMA) 
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Improve breeding opportunities for waterbirds and colonial nesting waterbirds 

Of eight systems identified in LTWPs as priorities for improving breeding opportunities for waterbirds and 

colonial waterbirds with environmental water, six systems received environmental water at least once 

between 2012-13 and 2016-17. Two systems received environmental water in all five years, three systems in 

four years and two systems in two years. This water provided improved breeding opportunities for waterbirds 

with monitoring recorded some significant responses in bird use in systems, including breeding itself.  

Lakes Hindmarsh and Albacutya did not directly receive environmental water over the period, although 

pipeline and efficiency projects helped save water for the environment that contributed to inundation of Lake 

Hindmarsh in 2012-2013 and 2016-17 (Pers. Comm Greg Fletcher). 

Based on the available evidence, progress towards the LTWP objectives of improving breeding opportunities 

for waterbirds and colonial nesting waterbirds are regarded as on track. 

 

Royal Spoonbill with chicks at Barmah Forest following environmental watering (Source: Keith Ward, Goulburn Broken CMA) 
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Case studies of environmental water benefitting waterbirds in Victoria 

Lake Cullen becomes a bird paradise after environmental water  

In 2016, flood water was topped up with environmental water twice to support waterbirds habitat, feeding and 
breeding. The deliveries resulted in a great abundance and diversity of waterbirds using Lake Cullen. Up to 
4,326 birds were recorded per visit, across 47 species. Seventeen threatened species were seen to use 
Lake Cullen including 120 Eastern Great Egrets and 16 Australasian Bitterns. The environmental water also 
helped waterbird breeding with six species observed breeding including the nationally threatened Magpie 
Goose, which has not been recorded in the Kerang area for many years (Cook and Bayes 2017).  
 

 

Magpie Geese have been observed using and breeding at Victorian wetlands for the first time in many years thanks to 

environmental water (Source: Jo Wood, Goulburn Broken CMA) 

Lake Elizabeth waterbird numbers explosion 

Environmental water benefitted a large and diverse bird population at Lake Elizabeth. In 2017, a series of 
environmental water top ups provided ideal habitat for waterbirds and they flocked in large numbers. In April 
2017, 27,925 birds were recorded from 32 species, seven of which are listed as threatened (DELWP 2015d, 
DELWP 2016, Cook and Bayes 2017). 
 

 
Lake Elizabeth waterbirds following environmental watering in 2017 (Source: Amy Russell, North Central CMA) 
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Internationally threatened bird breeding after environmental water 

Environmental water was used to partially refill Johnson Swamp in Autumn 2015. Over 18,503 birds of 35 
species were recorded to be using Johnson Swamp in one monitoring event (DELWP 2016). The observed 
breeding of the nationally threatened Australasian Bittern was particularly significant as there are estimated 
to be less than 1000 individuals worldwide (BirdLife International 2016). 
 

 
Australasian Bitterns were observed breeding at Johnson Swamp after environmental water was delivered (Source: Damien 

Cook, Rakali Ecological Consulting) 

Barmah Forest waterbird breeding every year that environmental water has been delivered 

At Barmah Forest, environmental water has been delivered in four of five years between 2012-13 to 2016-17 

to support feeding and breeding habitat for an abundant array of bird species. In every year water has been 

delivered, waterbirds have been recorded breeding. In 2012/13, over 1,567 pairs of colonial waterbirds 

nested including Australian White Ibis and Royal Spoonbill. In 2013/14, large colonies of Little Pied 

Cormorants and threatened Eastern Great Egrets were observed breeding. In 2014/15, evidence of White 

bellied sea eagles breeding was evident with new recruit’s present. In 2015/16, over 1,900 nests from seven 

bird species were recorded and in 2016/17, over 40 Australasian Bitterns and 4,220 Nankeet Night Heron 

nests recorded, emphasising the continued importance of environmental water at Barmah to provide 

breeding opportunities for waterbirds (GBCMA 2013, Ward 2014, Ward and Duncan 2015, Belcher et al. 

2016, Ward 2016, Regenerations Solutions 2017).    

 

Barmah Forest has had significant waterbird breeding in every year environmental water has been delivered (Source: Keith 

Ward, Goulburn Broken CMA) 
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Hattah Lakes watering maintaining species richness 

Since 2014, environmental water has helped maintain both species richness and abundance of waterbirds at 
Hattah Lakes. Water in Hattah lakes has provided habitat, feeding and breeding for over 34 bird species. 
Colonies of over 1000 Great Cormorants have been recorded (Andrew Greenfield, Mallee CMA). Watering 
since 2014 has maintained species richness of over 15 species per survey (Mallee CMA 2016). In 2017, the 
nationally listed migratory Red necked stints were recorded at Hattah Lakes for the first time. Numbers of 
threatened Australasian shovelers have increased substantially since environmental watering with 220 
individuals recorded in 2017 (Fullagar 2017). 
 

 
Red Necked Stint (Source: Damien Cook, Rakali Ecological Consulting) 

 

Lake Hindmarsh diverse species and rare species breeding 

Water in Lake Hindmarsh has provided waterbird habitat and feeding opportunities for 25 species. and at 
least five species were observed to have been breeding including Red-necked Avocet, a colonial shorebird. 
Three of the species spotted were migratory birds from the northern climes of Siberia and Alaska: 
greenshanks, red-necked stints and ruddy turnstones. Fluctuating bird numbers, in both abundance and 
diversity, indicate the lake is important as a refuge for wetland species (Starks 2017). 
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Vegetation 

The Murray-Darling Basin supports many native plant species that provide valuable food and habitat for 

waterbirds, native fish, frogs, turtles and mammals. Vegetation also provides important ecosystem functions, 

such as stabilising river banks and contributing organic matter into the water. Vegetation like other species 

groups have suffered declines in the past due to variety of factors including land use clearing and livestock 

grazing and reduced flooding frequency and duration. Consideration needs to be given to the long-lasting 

legacy of historical land use, river regulation, flow regime, and climatic variables (including low rainfall and 

the Millennium drought) have on vegetation responses.  

Six objectives for use of environmental water in relation to vegetation are set out in Victorian Long-Term 

Watering Plans: 

• Improve condition of riparian ecological vegetation classes (EVCs), 

• Maintain condition of aquatic vegetation in wetlands, 

• Maintain condition of River Red Gum dominated EVCs,  

• Improve condition of River Red Gum dominated EVCs, 

• Improve condition of Black Box dominated EVCs, and 

• Improve condition of shrub and lignum dominated EVCs. 

 

Vegetation monitoring at Hattah Lakes (Source: Paul Brown, MDFRC) 

Improve condition of riparian vegetation 

Since 2012, monitoring on the Goulburn River has provided evidence that environmental flows can improve 
the condition of riparian Ecological Vegetation Classes (EVCs). Improved vegetation abundance and 
diversity were observed in areas of the bank inundated by a spring environmental flow (Webb et al. 2016). 
Furthermore, terrestrial plant species including woody recruits and grasses were more limited to areas with 
shorter and shallower inundation. A similar finding has been observed on the Campaspe River where natural 
flows killed exotic plants and promoted germination and growth in riparian EVCs (Jones et al. 2017). Further 
monitoring is being expanded to test these responses with environmental water at four sites from 2017 
onwards (Pers. Comm. Chris Jones)  

As the available evidence is limited to one system, progress towards the LTWP objectives of improving the 
condition of riparian EVCs is regarded as data limited. 
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Maintain condition of aquatic vegetation in wetlands 

Seven systems monitored since 2012 provide information on maintaining the condition of aquatic vegetation 

in wetlands in relation to environmental water. Responses in wetland vegetation have been observed in all 

systems but one. Improvements in condition of wetland vegetation have been recorded for four systems. 

Greater native species cover and richness was found to be associated with environmental water than natural 

flooding in Gunbower Forest (Bennetts et al. 2017). An increase in native plant species richness and 

abundance occurred due to environmental watering at Lake Bitterang (Moxham and Kenny 2016). Greater 

submerged aquatic vegetation cover was recorded due to environmental watering at Lake Elizabeth (Cook 

2015). Greater diversity of wetland flora in conjunction with environmental watering and species enrichment 

planting was recorded at Reedy Swamp (Cook and Bayes 2016). At two systems (Black Swamp and 

Kinnairds Wetland) environmental water supported the presence and growth of threatened plant species and 

at Doctors Swamp, wetland vegetation responded well, however aims to reduce the cover and diversity of 

exotic species were not met (Cook and Bayes 2016). Eleven rare and/or threatened aquatic and floodplain 

flora species have been recorded in Gunbower Forest wetlands between 2005 and 2017 following 

environmental water deliveries as well as natural flooding (Pers. Comm. Kate Bennetts). At Barmah Forest, 

the poor growth response of Moira grass has resulted in contraction of the grass since 2012 (Ward 2017). 

Based on the available evidence, progress towards the LTWP objectives of maintaining the condition of 

aquatic vegetation in wetlands is regarded as on track. 

 

Aquatic vegetation at Reedy Lagoon in Gunbower Forest (Source: Dylan Olser) 

Maintain and improve condition of River Red Gums 

Four systems monitored since 2012 provide information on maintaining and improving the condition of River 

Red Gums. Mixed responses have been observed in relation to environmental watering. Stand condition (all 

trees) for both River Red Gum forests and woodlands at all four systems have declined in the proportion of 

tree stands in condition class of ‘good’ between 2012 and 2015 (MDBA 2016a, MDBA 2016b, MDBA 2016c, 

MDBA 2016d, Cunningham et al. In Press). It is worth noting that stand condition considers the whole 

floodplain, regardless of which trees have received environmental water.  



 

 

 

24 Progress towards outcomes from environmental water in Victoria  

Five years into Basin Plan implementation 

At the Hattah lakes, the condition of adult trees is described as ‘stable’ and there is an increase in 

recruitment in the population since 2012 (Brown et al. 2017). An increase in the canopy abundance of River 

Red Gum following environmental watering in 2014/15 was observed (Moxham et al. 2017).  

At Gunbower Forest, despite declining stand condition, Bennetts et al. (2017) reported a modest increase in 

canopy health from 2012 and 2017; these increases were greater in areas that received environmental and 

natural flooding. In addition, while tree population structure varied markedly between sites and forest types, 

Red Gums were recorded in all age classes (seedlings, saplings, poles, trees) from 2012 to 2017, and the 

proportion of healthy saplings increased between 2010 and 2017 (Bennetts and Jolly 2017). Furthermore, 

responses from environmental watering in 2014 and 2015 also included increased native understorey 

vegetation richness and cover, comparable to that after natural flooding (Bennetts et al. 2017).  

At Lindsay-Mulcra-Walpolla Islands, the condition of adult trees has also remained stable, however 

population status has seen a slight decline (Brown et al. 2017). 

Based on the available mixed evidence and considering Red Gums are long-lived and expected to respond 

over longer timeframes than five years, progress towards the LTWP objectives of maintaining and improving 

the condition of Red Gums are regarded as data limited. 

 

 

River Red Gum monitoring at Hattah Lakes (Source: Paul Brown, MDFRC) 

Improve condition of Black Box 

Three systems monitored since 2012 provide information on improving the condition of Black Box vegetation 

(trees and understorey), with mixed responses observed in relation to environmental watering. Black Box 

stand condition at all three systems have declined in the proportion of tree stands in condition class of ‘good’ 

between 2012 and 2015 (MDBA 2016b, MDBA 2016c, MDBA 2016d, Cunningham et al. In Press). Again, it 

is worth noting that stand condition considers the whole floodplain, regardless of which trees have received 

environmental water. Therefore, as Black Box occurs predominately on the higher floodplain, beyond the 

reach of most environmental watering, any responses from a small number of trees that have been watered 

is unlikely to be detected in stand condition assessment due to the larger number of trees unwatered on the 

floodplain. 
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At Lindsay-Mulcra-Walpolla Islands, despite declining stand condition results, studies are finding benefits 

from environmental water where trees have been watered. Brown et al. (2017) found that the condition of 

adult trees has remained stable and the population status has increased since 2012.  A further study by 

Moxham et al. (2017) found that Black Box trees in recently flooded sites - through natural and/or 

environmental water - were found to support a greater range of life stages, higher numbers of saplings and 

seedlings and fewer dead trees, resulting in a more healthy and sustainable population. Recently flooded 

trees were also in better health with a higher canopy condition, greater reproductive output and larger 

diameters than trees in historically flooded sites (Moxham et al. 2017).  

While tree population structure in Gunbower Forest varied markedly between sites and forest types, Black 

Box trees were recorded in all age classes in 2012 to 2017 (Bennetts and Jolly 2017). Furthermore, the small 

areas of Black Box woodland that were inundated with environmental water were observed supporting 

aquatic and amphibious species. Native understorey vegetation richness and cover at Gunbower Forest 

were found to have increased after natural watering relative to dry conditions (Bennetts et al. 2017).  

At the Hattah lakes, the condition of adult trees was described as ‘stable’, however the population status has 

declined since 2012 (Brown et al. 2017). Whilst understorey water dependant native vegetation increased in 

abundance, no change in Black Box was detected following environmental watering in 2014/15 and 2016/17, 

suggesting that recovery of trees higher on the floodplain may occur over longer time periods or require more 

environmental watering events to demonstrate improvements in tree condition (Moxham et al. 2017). 

Based on the available evidence that 1) environmental watering is maintaining the condition of Black Box 

vegetation that is being watered, 2) vegetation higher on the floodplain that hasn’t been watered as often is 

not benefitting and 3) Black Box are long-lived and expected to respond over longer timeframes than five 

years, progress towards the LTWP objectives of maintaining the condition of Black Box is regarded as data 

limited. 

 

Black Box vegetation community (Source: Claire Moxham, Arthur Rylah Institute) 

Improve condition of shrub and lignum dominated EVCs 

One system monitored since 2012 provides information on improving the condition of shrub and lignum, with 

a poor response observed in relation to environmental watering. At the Hattah Lakes, the condition of lignum 

has declined, with a greater proportion rated as ‘moderate’ since 2012-13 (Brown et al. 2017).  
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As the available evidence to date is limited to one system, progress towards the LTWP objectives of 

improving the condition of shrub and lignum is regarded as data limited. 

 

Case studies of environmental water benefitting vegetation in Victoria 

Wetland vegetation flourishes in Lake Elizabeth thanks to environmental water 

Environmental watering in 2013 to 2015 led to a rapid expansion of the aquatic vegetation at Lake Elizabeth, 
increasing from 1ha of cover in 2013 to 65ha in 2015 (Cook 2015). The increase in vegetation cover greatly 
increased the productivity of the wetland and attracted a large number and diversity of waterbirds. Up to 21 
different species were observed in a six-hour period. Furthermore, the environmental water promoted the 
growth of preferred habitat of Ruppia to help support the threatened fish species population of the Murray 
Hardyhead.  
 

 
Aquatic vegetation at Lake Elizabeth (Source: Damien Cook, Rakali Ecological Consulting) 

 

Environmental water benefits Moodie Swamp vegetation, frogs and birds 

Moodie Swamp received 500ML of environmental water in April 2016 and wetland vegetation responded well 

with the first record of fringed marshwart and growth from nationally vulnerable ridged water-milfoil. A large 

amount of frogs were heard calling including the Common Spadefoot and Sloanes Froglet. Waterbirds such 

as Plumed Whistling Duck, Eurasian Coots, Dusky Moorhens and Swans nested at the site. Other bird 

species such as Yellow-billed and Royal Spoonbills, Swans, White-faced and White-neck Herons and 

Nankeen Night Herons were all observed in large numbers (Wood and Linke 2017). 

Environmental water makes Black Box healthier at Lindsay-Mulcra-Walpolla Islands 

Black Box trees in recently flooded sites at Lindsay-Mulcra-Walpolla Islands - through natural and/or 

environmental water (since 2014) were found to support a greater range of life stages, higher numbers of 

saplings and seedlings and fewer dead trees - resulting in a more healthy and sustainable population. 

Recently flooded trees were also in better health with a better canopy condition, greater reproductive output, 

larger diameters and fewer branches than trees in historically flooded sites (Moxham et al. 2017).  
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Healthier River Red Gums at Gunbower Forest after environmental water 

At Gunbower Forest, River Red Gums that received environmental water are healthier than those that 

haven’t. All life stages of River Red Gums (including seedlings, saplings, poles and trees)  have been 

recorded in all years when environmental water has been delivered, and the proportion of River Red Gum 

saplings have increased from 2012 to 2017. Environmental water has also increased native understorey 

vegetation richness and cover, comparable to that after natural flooding. 

 
River Red Gum on Chetle Track at Gunbower Forest (Source: Kate Bennetts) 
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Connectivity 

Two objectives for use of environmental water to promote connectivity are set out in Victorian Long-Term 

Watering Plans: 

• Improve longitudinal connectivity between river reaches and with the River Murray; and 

• Improve connectivity between floodplains, anabranches and wetlands.  

Improve connectivity between river reaches and with the River Murray  

Of four systems identified in LTWPs as priorities for improving longitudinal connectivity between river 

reaches and with the River Murray, all four systems received environmental watering in all years between 

2012-13 and 2016-17. These watering events provided important habitat connectivity for water dependent 

species, in particular for fish and vegetation. 

Based on the available evidence, progress towards the LTWP objective of improve longitudinal connectivity 

between river reaches and with the River Murray is regarded as on track. 

Improve connectivity between floodplains, anabranches and wetlands 

Of eight systems identified in LTWPs as priorities for improving connectivity between floodplains, 

anabranches and wetlands, all systems received environmental watering at least once between 2012-13 and 

2016-17. three systems received environmental watering in all five years, four systems in four years and one 

system in two years (Pyramid Creek). These watering events have provided important habitat connectivity for 

water dependent species, in particular for fish and vegetation.   

Based on the available evidence, progress towards the LTWP objective of improve connectivity between 

floodplains, anabranches and wetlands is regarded as on track. 

Environmental water exiting Gunbower Forest during environmental watering using Hipwell Road in 2014.  (Source: Kathryn 

Stanislawski North Central CMA) 
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Gunbower works improves river health through connectivity and returning carbon to the river 

At Gunbower Forest, the Hipwell Road works enable environmental water managers to mimic floods by 

delivering water and establishing connectivity between Gunbower Creek and approximately 3,500 hectares 

of forest when the Murray River is not in flood. Wetlands and areas of river Red Gum floodplains can be 

provided with water at the necessary frequency, timing and duration that would otherwise have required 

floods of up to 30,000 ML/day that lasted for several months. The water flows through the forest, collecting 

carbon, and returns it to the rivers, providing an important source of productivity benefitting the ecosystem. 

Similarly, the Hattah Lakes works mean that environmental outcomes that would otherwise require floods in 

the river of more than 140,000 ML/day for several months can be achieved by pumping water into the creeks 

and lakes when the river is at its normal regulated level of around 10,000 ML/day. Some of this water is also 

returned to the Murray River boosting productivity and benefitting the ecosystem.  

 

Hipwell Road Channel work at Gunbower (Source: Jennine Rouget, Red Mullet Creative) 
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Other  
Two objectives for use of environmental water in relation to ‘other’ are set out in Victorian Long-Term 

Watering Plans: 

• Maintain adequate surface water salinity to enable growth and reproduction of aquatic vegetation,  

• Maintain species richness of frog communities.  

Maintain adequate surface water salinity to enable growth and reproduction of aquatic vegetation  

One system is identified in LTWPs as a priority for maintaining adequate surface water salinity to enable 

growth and reproduction of aquatic vegetation. The Wimmera River at Horsham Weir has been monitored in 

all years between 2012-13 and 2016-17 and found to be below the median 1,380 EC and eightieth percentile 

of 1,720 EC in every year since 2012 except 2013 (Horsham Weir Summary Salinity data, Tony Baker 

WCMA). This suggests environmental watering is maintaining adequate surface water salinity to enable 

growth and reproduction of aquatic vegetation in the Wimmera River.  

Based on the available evidence, progress towards the LTWP objective of maintaining adequate surface 

water salinity to enable growth and reproduction of aquatic vegetation is on track. 

Maintain species richness of frog communities  

Of two systems identified in LTWPs as priorities for maintaining species richness of frog communities, 

neither has been consistently monitored in years between 2012-13 and 2016-17. Nonetheless there are 

some positive signs in other systems in relation to environmental watering Victoria including the presence of 

Growling Grass frogs at Wirra-Lo Complex (Cook and Bayes 2015), large amounts of Common Spadefoot 

and Sloanes Froglet calling at Lake Elizabeth (Wood and Linke 2017) and the first time presence of Peron’s 

Tree Frog at Burnt Creek in the Wimmera (Wimmera CMA 2017).  

As the available evidence doesn’t include long-term monitoring programs, progress towards the LTWP 

objective of maintain species richness of frog communities is regarded as data limited. 

 

 
 

Common Spadefoot at Moodie Swamp following environmental watering (Source: Jo Wood, Goulburn Broken CMA) 
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Case studies of environmental water benefitting frogs in Victoria 

Growling Grass Frogs in Wirra-Lo-Complex 

After environmental watering in 2014-15 through to 2016-17, the nationally threatened Growling Grass Frog 
was again heard calling at the Wirra-Lo Complex. This species hasn’t been heard on the floodplain since 
2008 or at Wirra-Lo Complex since 2003 (Pers. Comm. Kevin Mah NCCMA, Cook and Bayes 2015). 
 

Rare frog found in the Wimmera after environmental flows 

Environmental water is helping to return rare frogs to the Wimmera. In 2013, after environmental flows had 
been used to improve the health of Burnt Creek, local residents heard a new frog call. Further investigation 
found the frog calls were from the Peron’s Tree Frog or Maniacal Cackle Frog and the frog calls extended all 
the way along the river to Horsham (Wimmera CMA 2017). The only other record of the frog in the Wimmera 
was in 2009.  
 
 

 
Peron’s Tree Frog have been found to have spread along Burnt Creek since environmental watering (Source: Tim Mintern) 
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Conclusions 

This report highlights that significant progress from environmental watering in Victoria is being seen in 

ecological responses and outcomes for most groups, including: 

 Fish  

Progress towards all four objectives were regarded as on track. Monitoring revealed increases in 

abundance of large bodied native fish, native species richness being maintained, and small-bodied 

native fish distribution and abundance being maintained and increasing in systems. 

 Waterbirds 

Progress towards all three objectives were regarded as on track. Opportunities have been provided 

for waterbird habitat in environmental watering. Monitoring has revealed that a large number and 

diversity of waterbirds are utilising the habitat for feeding and in some cases breeding, including rare 

and nationally threatened species. 

 Vegetation 

Progress towards the objective of maintaining aquatic vegetation in wetlands was regarded as on 

track, due to positive responses to environmental watering including greater native vegetation cover, 

species richness and supporting threatened plant species. Progress towards five other objectives 

were regarded as data limited, due to a limited number of systems monitored to date (riparian, 

lignum and shrub) and too short timeframes to expect responses (Red Gums and Black Box).  

 Connectivity  

Progress towards both objectives were regarded as on track, with environmental watering provided 

to most systems in most years. 

 Other  

Progress towards the objective of maintaining adequate surface water salinity to enable growth and 

reproduction of aquatic vegetation was regarded as on track. Progress towards the objective of 

maintaining species richness of frog communities was regarded as data limited, as despite positive 

case studies, no systems have yet been monitored consistently for frogs. 

Further learning from environmental watering will improve its use and result in even better outcomes for the 

environment.  
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