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End of system theme evidence 
report 
This evidence report provides an overview of the information that will be used to evaluate the 

effectiveness of the Murray–Darling Basin Plan (Basin Plan) against the objectives and outcomes set 

out in Chapters 5, 8 and 9, and by reference to the matters listed in Schedule 12.  

Specifically, the scope of this evidence report is the environmental outcomes achieved at the end of 

the system through management of environmental water allocations delivered to and through the 

Murray Mouth. 

The evaluation process uses evidence to develop findings about how the Basin Plan has contributed 

to achieving a healthy and working Basin. This is based on key characteristics identified in the Basin 

Plan. 

Theory of change 
Overall, the theory of change for this theme (Figure 1) within the 2020 evaluation is: 

‘The restoration of environmentally significant flow events is expected to reduce the stress on the 

system leading to improvements in ecosystem condition.’ 

 

Figure 1 Theory of change leading to achievement of Basin Plan outcomes 

A more detailed program logic specific to the objectives for the Coorong, Lower Lakes and Murray 

Mouth is in Figure 2.  
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Figure 2 End of system evaluation program logic 
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Key theme findings 
There is good evidence to suggest with some confidence that there have been improvements in the 

condition of the Coorong, Lower Lakes and Murray Mouth since the Basin Plan was implemented in 

2012. Specifically: 

• Salinity and water level targets for the Lower Lakes have been met. 

• Targets for the opening of the Murray Mouth and salinity targets in the Coorong South 

Lagoon have not been met, but conditions are significantly better than they would have been 

without environmental water. 

• There have been some improvements in fish indicator species, but recovery is not complete. 

Despite re-stocking attempts, the threatened Yarra pygmy perch—which became regionally 

extinct in the Basin during the Millennium drought—has not been re-established.  

• The littoral and submerged vegetation of the Lower Lakes has partially recovered from the 

Millennium Drought and is continuing to improve.  

• There has been some improvement in the extent of ruppia (Ruppia tuberosa) in the Coorong, 

but little recovery in seedbanks. 

• Waterbird populations in the Lower Lakes have been maintained, however populations in the 

Coorong appear to be declining, particularly migratory shorebirds. A decline in shorebirds 

may be related to factors such as food resource availability and inundation. 

• Since the end of the Millennium Drought and return of water in 2010, there have been 

improvements in the condition of some of the site’s ecological components however some 

components have not recovered to their pre-drought condition and other components have 

continued to decline. 

• Unregulated flows and environmental water are strategically important for maintaining the 

site’s ecological health and function. 
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Executive summary 
The Coorong, Lower Lakes and Murray Mouth (CLLMM) region is the terminus of the Murray–Darling 

Basin, where the river discharges to the ocean. The Ramsar listed area comprises approximately 

142,500 hectares of diverse fresh, estuarine, marine and hypersaline wetland, the majority of which 

is designated as within the Coorong and Lakes Alexandrina and Albert Wetland. The area supports 

threatened species, important fish and waterbird communities including international migratory 

shorebirds. Water regimes and salinity are critical factors in maintaining the ecological condition of 

the CLLMM. 

The CLLMM supports a diversity and abundance of native fish, vegetation and waterbird 

communities that are underpinned by a complex food web. During the Millennium Drought, salinity 

across the system rose, and there were declines in native fish communities, including a loss of the 

three native freshwater threatened fish species: Murray hardyhead, Yarra pygmy perch and southern 

pygmy perch. Vegetation condition and extent declined with a loss of Ruppia tuberosa from the 

South Lagoon of the Coorong and of submerged macrophytes in the Lower Lakes. There were 

changes in the distribution of waterbirds, with an increase in shorebirds in the drying Lower Lakes 

and a decline in waterbirds in the hypersaline systems of the Coorong.  

Targets for end of system flows have largely been met, and the flows delivered to the end of system 

under the Basin Plan have played a major role. Despite this success, the target for the amount of 

time the Murray Mouth is open has not been met, although there has been a marked improvement 

in recent years compared to the decade pre-Basin Plan. In the current climate, flows delivered under 

the Basin Plan are insufficient to meet the target for Murray Mouth opening and dredging will 

continue to be required to assist in keeping the mouth open.  

The Basin Plan has played a major role in maintaining flows and salinity in the lower lakes and 

reducing the impacts of low natural inflows. As a result, the salinity target has been met in Lake 

Alexandrina. Whilst the salinity target in the Coorong has not been met conditions are improved on 

what they were throughout the Millennium drought. Increased inflows from environmental water 

delivered under the Basin Plan have reduced the adverse impacts of drought in the Coorong. 

Since the implementation of the Basin Plan, there have been some improvements in fish indicators 

and recovery of two of the three threatened fish species in the Lower Lakes, Murray hardyhead and 

southern pygmy perch. The overall condition of many populations is still, however, considered to be 

poor and Yarra pygmy perch is considered to be regionally extinct. There has been an increase in 

submerged and emergent vegetation in both Lake Alexandrina and Lake Albert, although these are 

still recovering to post-drought conditions. There have been improvements in the extent of Ruppia 

tuberosa in the South Lagoon of the Coorong, but reproductive functions are not on a trajectory for 

recovery. Abundance and diversity of waterbirds in the Lower Lakes appear to have recovered. 

Resident and migratory shorebirds, however, continue to decline in abundance. The lack of recovery 

of migratory shorebirds may in part be explained by impacts in the flyway outside the site, but they 

have also been affected by ongoing impacts to food webs in the Coorong.  
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Introduction  
This section outlines the context and approaches used in this report. Details of the evaluation are in 

the following sections on: 

• hydrology 

• salinity 

• ecology 

The Basin Plan 2020 Evaluation 
The Basin Plan 2020 Evaluation aims to determine the effectiveness of the Basin Plan in achieving its 

objectives and outcomes. The approach to the evaluation is to develop evidence relating to the 

thirteen different themes that are listed in Figure 3. Once the findings had been completed the 

information was drawn together to inform an overarching evaluation report and to address the key 

evaluation questions listed in the Basin Plan (Box 1). The evaluation outcomes are intended to inform 

ongoing improvement of the Basin Plan and to support communication of the effectiveness and 

impacts of the Basin Plan. 

 

Figure 3 Basin Plan program logic 
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About this report 
This report compiles evidence on the effectiveness of the Basin Plan in achieving outcomes relating 

to the end of the system. It is one of four reports that address hydrology and environmental 

outcomes. This report gives some context around the end of the system and then presents the 

evaluation findings. Given the complexity of analysis used in parts of the hydrology and 

environmental outcomes reports, specific details on data and analysis methods are presented in 

attachments to the reports. 

Evaluation approach 
Evaluation often incorporates multiple lines of evidence to develop the best possible understanding 

of the value of a program or policy. In the Murray–Darling Basin, different types of environmental 

information is collected for a range of purposes, using varying methods, and at a range of spatial and 

temporal scales. As a result, information available to assess the environmental outcomes of the Basin 

Plan vary depending on the indicator being assessed. This means that the approach to assessing 

individual indicators and the confidence in the assessment varies depending on the information 

available.  

The Basin Plan evaluation addresses questions about changes in the condition of indicators pre- and 

post-Basin Plan implementation. This allows us to understand if we are progressing towards the 

objectives set out in the Basin Plan as well as towards the more detailed targets set through the 

Basin-wide Environmental Watering Strategy. In addition to this, the evaluation also addresses 

questions relating to the extent that the Basin Plan has contributed to the observed changes in 

indicators. 

The analytical approaches used in this report to make an assessment are: 

Box 1: Basin Plan Key Evaluation Questions (Chapter 13) 

a. To what extent has the intended purpose of the Basin Plan set out in section 20 of the 

Act been achieved? 

b. To what extent have the objectives targets and outcomes set out in the Basin Plan been 

achieved? 

c. How has the Basin Plan contributed to the changes to the environmental, social and 

economic condition in the Murray–Darling Basin? 

d. What, if any, unanticipated outcomes have resulted from the implementation of the 

Basin Plan? 

e. How could the effectiveness of the Basin Plan be improved? 

f. To what extent were the actions required by the Basin Plan suited to meeting the 

objectives of the Basin Plan? 

g. To what extent has the program for monitoring and evaluating the effectiveness of the 

Basin Plan contributed to adaptive management and improving the availability of the 

scientific knowledge of the Murray–Darling Basin? 
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• Trend analysis against pre-Basin Plan baseline—This approach has been used to assess 

changes in the condition of an indicator where appropriate data is available from before and 

after the start of implementation of the Basin Plan. 

• Comparisons using modelled data—In developing the Basin Plan, a number of models have 

been created using the best available information. Models are used to predict what would 

occur under certain circumstances. For some indicators, models have been used to compare 

observed results to predicted results. 

• Multiple lines of evidence collated—Evidence for assessing how the Basin Plan has 

contributed to changes in the condition of indicators largely comes from intervention 

monitoring programs assessing the impacts of environmental water at local and regional 

scales across the Basin. In addition to this, there are also lines of evidence relating to the 

delivery of flows and evidence from research programs. These lines of evidence are drawn 

together to provide a narrative about how the Bain Plan contributes to the health of the 

Basin.  

For some indicators, there has been insufficient information to make an assessment at the reporting 

scale. In those cases, where possible, the report will provide some information in the form of one or 

more of the following: 

• Preliminary lines of evidence presented—Lines of evidence from monitoring programs are 

provided to show a narrative about the indicator. However, in this case, the lines of evidence 

are not considered robust or comprehensive enough to make an assessment in this 

evaluation.  

• Case studies—An example is provided to demonstrate how the indicator has responded to 

intervention. 

• Forward opportunities statement provided—This provides a reflection on the current 

knowledge relating to the indicator and addresses opportunities in regard to assessment in 

the 2025 evaluation. 

Background 
The CLLMM region is the terminus of the Murray–Darling Basin, where the river discharges to the 

ocean (Figure 4). It comprises approximately 142,500 hectares of diverse fresh, estuarine, marine 

and hypersaline wetland. 

The majority of the wetland is designated as the Coorong and Lakes Alexandrina and Albert Wetland 

under the Convention on Wetlands of International Importance especially as Waterfowl Habitat 

(Ramsar Convention).  

The CLLMM meets eight of the nine criteria for designating a Ramsar wetland. Significant 

characteristics include the: 

• diversity of wetland types 

• threatened species the wetland supports 

• important fish communities in the wetland 

• diversity and abundance of waterbirds, including international migratory shorebirds. 
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Figure 4 Location of the Coorong, Lower Lakes and Murray Mouth 

The CLLMM also supports significant social and economic values, such as commercial fishing and a 

high-value recreation and tourism industry. It is significant to Traditional Owners, the Ngarrindjeri 

Nation and First Nations of the south-east who have a long and continuing association with Country. 

Water regimes and salinity are critical factors in maintaining the ecological condition of the CLLMM. 

The salinity regime of the system is driven by a balance of freshwater inflows from the north and 

seawater ingression from the south.  

The CLLMM is divided into two systems—the Coorong and the Lower Lakes—by the presence of the 

barrages, which were constructed in the 1940s and act to maintain the Lower Lakes as 

predominantly freshwater systems. The Lower Lakes comprise two large shallow waterbodies, Lake 

Alexandrina and Lake Albert, with a number of smaller permanent and temporary fringing wetlands. 

The Coorong—comprising the North and South lagoons—are saline to hypersaline and are influenced 

by flow over the barrages, inflows from the south-east drainage scheme and tidal connections 

through the Murray Mouth (Figure 5). 

The gradient of salinity from the largely fresh Lower Lakes to the hypersaline Coorong is important 

for fish populations, distribution, species richness, spawning and recruitment success. Salinity levels, 

water depth and turbidity also drive the distribution of ruppia (Ruppia tuberosa), which is a 

submerged macrophyte tuberous sea-tassel. Ruppia is a keystone species in the Coorong and is 

important for maintaining food webs.  
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Figure 5 Murray Mouth 

Water regimes and freshwater inflows are important in the CLLMM not only for their effect on 

salinity, but also for the provision of a variety of habitats. Water depth, duration of inundation and 

connectivity between the freshwater systems and the ocean are all vital for maintaining the ecology 

and associated social, economic and cultural values of the CLLMM. As examples: 

• Colonial nesting waterbirds breeding in the Lower Lakes require inundation under nesting 

sites to persist until fledging. 

• Shorebirds feeding on exposed mudflats require productive shallow water habitats. 

• Fish-eating species are reliant on clear water of adequate depth and fish populations.  

Adequate freshwater flows are also important for keeping the Murray Mouth open, as it can close 

due to sand deposition if flows are low for a prolonged period of time. An open Murray Mouth is 

important for maintaining salinity levels and tidal exchanges in the Coorong. In addition, there are 

several migratory fish species that move between habitats within the CLLMM and beyond, so 

maintaining an open Murray Mouth is at times critical to these diadromous species. 

Water resource use has impacted the CLLMM for many years. As the end of the Murray–Darling 

Basin, it experiences the cumulative impacts of upstream activities. During the Millennium Drought—

particularly between 2007 and 2010—water levels in the Lower Lakes fell to unprecedented lows and 

the system experienced increased salinity in dwindling pools of water. Acid sulfate soils were also 

exposed.  

The combined effects of reduced water levels, and increased salinity and acidity had a significant 

harmful effect on the ecology of the system. This was reflected in a disruption of food webs and 

declines in: 
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• diversity of wetland plants 

• abundance and diversity of fish, frogs and waterbirds. 

Non-Basin Plan influences and drivers 
Many potential influences and drivers outside the remit of the Basin Plan have shaped the end of 

system outcomes. First and foremost is the effect of weather and climate change. The post-Basin 

Plan period (since 2012) has been characterised by dry conditions throughout the Basin. Rainfall has 

been below average in every year since Basin Plan implementation, with the exception of 2016–17, 

when conditions were average in the northern Basin and above average in the southern Basin. This 

has led to reduced volumes of water throughout the system, which cumulates in reduced water at 

the end of the system. Although the Millennium Drought ended in 2010, the effects on the system 

have most likely led to lowered levels of resilience and reduced ability for the system to cope with 

continued dry conditions. Under climate change, the management of the Coorong, Lower Lakes and 

Murray Mouth would become increasingly challenging (Chiew et al. 2020). 

Increased populations, land use change and increased water resource use are all long-term drivers 

affecting aquatic ecosystems globally and in the Basin. There are often lag effects between human 

activities and realised stressors. Changes in natural systems and the CLLMM are subject to a variety 

of impacts as a result of reduced water availability, increased nutrients and pollutant run-off. For 

example, there is evidence to suggest that excess nutrient concentrations in the Coorong have led to 

growth of filamentous algae that reduce light availability and negatively impact on the growth of 

ruppia (Nicol 2005; Paton et al. 2017). 

South Australia has state government policy relating to the management of barrage and water levels 

(DEW 2019a) and a barrage operating strategy (DEW 2019b). While these both align with the 

objectives of the Water Act 2007 and Basin Plan, it is important to recognise that local level 

management has an important role in achieving outcomes.  

Stocking of fish to support commercial and domestic fishing is also likely to play a role in shaping 

ecological outcomes in the Coorong and Lower Lakes.  

There are also factors that operate outside the Basin that can impact on the ecological conditions of 

the CLLMM. For example, there are known impacts to migratory shorebirds in the East Asian–

Australasian Flyway from habitats overseas. In particular, a loss of habitats in staging areas of the 

Yellow Sea are resulting in a decline in the flyway population of species that rely on this habitat 

during the journey to and from northern breeding grounds (Hua et al. 2015; Melville et al. 2016; 

Studds et al. 2017). 
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Hydrology 
 (Analysis of approach at Attachment 1: Hydrology analysis approach) 

Summary of findings  
End of system flows and connectivity have been somewhat maintained and have improved 

substantially since the implementation of the Basin Plan.  

There are two groups of targets associated with end of system flows: 

• the volume of water that discharges to the Southern Ocean through the barrages 

• the proportion of time that the Murray Mouth remains open.  

The targets related to flows over the barrages have been largely met, with two-year average 

discharges volumes greater than 600 gigalitres per year (GL/year) each year since 2012. The three-

year target of average annual flows greater than 2,000 GL/year has been achieved every year except 

for 2015–16.  

With respect to the Murray Mouth opening, the target of the mouth remaining open more than 90% 

of the time has been met only two years in the past two decades (2012 and 2013). The mouth has 

been functionally open between 40% and 76% of time since 2014, largely due to dredge operations. 

There has, however, been a marked improvement in mouth opening in recent years, compared to 

the decade pre-Basin Plan, despite continued dry conditions—noting that dredging has been 

required to maintain an open mouth. 

Evaluation assessment 
Table 1 Hydrology evaluation assessment 

Indicator Condition assessment Assessment of contribution of the Basin 
Plan 

Barrage flows The two-year 600 GL 
minimum target was 
achieved. 
The three-year target of more 
than 2,000 GL target was not 
achieved. 

The Basin Plan has made a major 
contribution to achieving the two-year 600 
GL minimum target. 

Murray Mouth 
opening 

The target for Murray Mouth 
opening was not achieved. 

Water delivered under the Basin Plan was 
insufficient for achieving this target.  

Lower Lake water 
levels 

Lower Lake water level 
targets were achieved. 

The Basin Plan played a major role in 
maintaining Lower Lake water levels. 
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Basin Plan objectives for hydrology 
The Basin-wide environmental watering strategy (BWS) sets specific targets for hydrology in the 

Coorong and Lower Lakes. The targets are: 

• barrage flows more than 2,000 GL/year on a three-year rolling average basis for 95% of the 

time, with a two year minimum of 600 GL at any time (Basin Plan 2012 and BWS 2014) 

• the Murray Mouth open 90% of the time; open to an average annual depth of 1 m without 

dredging (Basin Plan 2012 and BWS 2014) 

• levels above 0.4 m Australian Height Datum (AHD) maintained for 95% of the time as far as 

practicable; levels maintained above 0.0 m AHD all of the time (Basin Plan 2012 and BWS 

2014). 

Assessment method of hydrology 
Table 2 Hydrology assessment method 

Flows delivered to the Coorong and Lower Lakes  
Surface water recovery in the Basin, as at 30 December 2019, is 2,098.5 GL/year. Between the 2013–

14 and 2018–19 water years, 13,739 GL of water was delivered throughout the southern Basin to 

support a number of ecological outcomes. Since 2015–16, 2,559 GL has been delivered to primarily 

support end of system flows whilst meeting other environmental needs along the way (see Figure 6). 

Indicator Analysis method Location of data and 
analysis details 

Condition assessment Assessment of the 
contribution of the 
Basin Plan 

Barrage flows Trend analysis against 
pre-Basin Plan baseline 

Comparisons using 
modelled data 

Attachment 1: 
Hydrology analysis 
approach 

Murray Mouth 
opening 

Trend analysis against 
pre-Basin Plan baseline 

Comparisons using 
modelled data 

Lower Lakes water 
levels 

Trend analysis against 
pre-Basin Plan baseline 

Comparisons using 
modelled data 
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Figure 6 Environmental water delivered primarily for end of system flows, in the context of all environmental water in the 
southern Basin 

Condition of hydrology 

Barrage flows 
Barrage flows are the water that flows over the barrages and is discharged through the Murray 

Mouth to the ocean. Adequate barrage flows support the health of freshwater and estuarine 

ecosystems located at the end of the Basin. Barrage flows: 

• help keep the Murray Mouth open 

• regulate salinity levels in the Coorong 

• improve the habitat availability and vigour of aquatic plants and animals in the CLLMM 

• are important for maintaining connectivity between the ocean, rivers and wetlands, 

particularly for native diadromous fish, which move between marine, freshwater and 

estuarine systems to complete their lifecycles.  

In addition, the outflows of water from the Murray to the ocean are vital in maintaining productivity 

along the coastline, as they provide inputs of nutrients and carbon to nearshore marine systems 

(Auricht et al. 2018).  

How have barrage flows been maintained or changed since the Basin Plan was 
implemented? 

During the Millennium Drought, flows over the barrages were greatly reduced, with zero discharge 

from the river to the sea from 2007 to September 2010 (Auricht et al. 2018). High natural flows in 

2010 and 2011 restored end of system flows, but there have been several years of low flows in the 

system since, including just under 800 GL in 2015–16 and less than 400 GL in 2018–19. Nevertheless, 

since the end of the Millennium Drought and the implementation of the Basin Plan in 2012, the two-

year minimum of 600 GL/year has been maintained in all water years (Figure 7). The three-year 

2,000 GL/year target was exceeded in 2015. The target stipulates that this three-year average must 

be met 95% of the time, which allows for average three-year flows to be less than 2,000 GL/year one 

year in 20. More time is therefore required to determine if this target will be met over a 20-year 
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period. The results to date, however, suggest that large natural floods are required to meet the 

2,000 GL three-year average. 

 

Figure 7 Annual barrage flows, two year totals and three year rolling averages, compared to the two BWS targets 

Murray Mouth opening  
Maintaining an open Murray Mouth is important for: 

• allowing for the discharge of salt, nutrients and pollutants from the Murray–Darling system 

into the Southern Ocean 

• allowing for fish to move between the freshwater and marine environments  

• maintaining tidal exchange and salinity levels in the Coorong.  

The degree of Murray Mouth openness is influenced by barrage flows and—in the other direction—

by flow driven by tides and waves. An open Murray Mouth allows tidal exchange and connectivity 

between the ocean and estuary.  

To what extent has the Murray Mouth remained open 90% of the time, to an 
annual average depth of one metre since implementation of the Basin Plan? 

In the absence of consistent data on channel depth, the Murray Mouth opening has been evaluated 

using daily tide ratio (DTR) as an indicator. A DTR of zero represents a complete physical closure of 

the Mouth, however, in order to function as an exchange point for water between the Coorong and 

the Southern Ocean, the mouth does not just need to be physically open. It needs to be sufficiently 

open to allow for exchange. A DTR of greater than 0.3 at Goolwa represents a functionally open 

Murray Mouth (DEW 2018). Targets for the Murray Mouth are a DTR of 0.2 at Goolwa and 0.05 at 

Tauwitchere. 

In 2003, during the Millennium Drought, the Murray Mouth reached a critical point when it closed 

completely. Dredging was used to maintain Murray Mouth opening, but from 2005 to 2010 the 

Murray Mouth was functionally open only between 20 and 40% of the time. The breaking of the 

drought brought natural floods and the Murray Mouth opened but did not remain so without 

intervention. Since January 2015, dredging has been in operation with insufficient flows to maintain 
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an open mouth. In 2016, high natural flows resulted in an improvement in mouth opening but 

dredging recommenced shortly after. 

Since the implementation of the Basin Plan, the Murray Mouth has remained open, with the DTR not 

dropping to zero (Figure 8). It has been functionally open (with a DTR of more than 0.3) 83% of the 

time. 

 

Figure 8 Murray Mouth DTR from 2003 to 2019 (data provided by the Department of Environment and Water [DEW]) 

Lower Lakes water levels  
Water levels in the Lower Lakes are important for the ecological functioning of the CLLMM and for 

maintaining biodiversity. Gradual and seasonal changes in water levels in the Lower Lakes drive 

processes such as growth of vegetation and the provision of temporally variable habitat. Higher 

levels in late winter and spring provide access to food and shelter for aquatic fauna. A gradual 

drawdown in summer and autumn expose areas of mudflats for feeding shorebirds and germinating 

aquatic vegetation. 

It is important that water levels in Lake Alexandrina remain above 0.4 m AHD to ensure: 

• ongoing connection between Lake Alexandrina and Lake Albert 

• the functional operation of the barrages and barrage fishways that connect Lake Alexandrina, 

the Coorong and Murray Mouth.  

Maintaining sufficient water levels in Lake Alexandrina also avoids acid sulfate soils being exposed 

and provides suitable conditions to: 

• support diverse submerged and littoral vegetation communities 

• provide aquatic habitats for threatened fish and birds.  
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To what extent have water levels in the Lake Alexandrina been maintained to 
the minimum level (i.e. above 0.4 m AHD 95% of the time) since 
implementation of the Basin Plan? 

Water levels in Lake Alexandrina fluctuated seasonally in response to river flows and rainfall in the 

southern Basin from 2012 to 2019. Lake Alexandrina was generally lower in summer and autumn and 

then higher in periods of greater river inflow. Water levels in Lake Alexandrina rose to nearly 

1 m AHD during 2016–17, when rainfall in late winter and early spring in the southern Basin resulted 

in high river inflows during the summer of 2016. The lowest water levels in Lake Alexandrina were 

recorded in April 2015 and again in April 2018 during drier periods, however, neither time did they 

fall below 0.4 m AHD (Figure 9). 

 

Figure 9 Average water level in Lake Alexandrina 2009 to 2019 (data from WaterConnect) 

Contribution of the Basin Plan to hydrology  

Barrage flows and Murray mouth opening  

To what extent has the recovery, delivery and protection of environmental 
water contributed to barrage flows and Murray mouth opening? 

Stewardson and Guarino (2020) assessed the effect of environmental water on end of system flows 

by modelling total barrage flows with and without environmental water (Table 3). The results 

indicate that environmental water accounted for between 44% and 100% of the total flow over the 

barrages. This contributed significantly to ensuring that the barrage flows two-year minimum of 

600 GL was achieved in three out of four years (the other year would have achieved target either 

way). Without environmental water, this would have only been achieved once in the last four water 

years (the flood year of 2016–17).  
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Table 3 Contribution of environmental water to barrage releases in gigalitres with and without Commonwealth 
environmental water 

Barrage flows  2014–15 2015–16 2016–17 2017–18 2018–19 

Environmental water 
contribution 

453 736 811 755 377 

Total barrage release with 
environmental water 

986  736  6,558  851 377 

Total barrage release without 
environmental water 

533  0* 5,747  96 0* 

*In the absence of Commonwealth environmental water, it is likely that management would have 

intervened and averted zero flows over the barrages. 

Despite this positive outcome, environmental water has been insufficient in the dry climatic 

conditions to meet the three-year average target of 2,000 GL/year. It has also been insufficient to 

maintain an open Murray Mouth, which has instead been achieved by dredging. An open Murray 

Mouth and sufficient water to meet barrage flows targets are currently reliant on periodic natural 

floods. 

Lower Lakes water level 

To what extent has the recovery, delivery and protection of environmental 
water contributed to Lower Lakes levels? 

Long Term Intervention Monitoring (LTIM) Hydrology Basin Matter Reporting was used to assess the 

contribution of environmental water to Lower Lakes water levels (Stewardson & Guarino 2020). This 

analysis uses hydrological modelling to predict water levels in the absence of environmental water 

and is based on two assumptions: 

• The barrage operations are kept the same in each scenario (i.e. there has been no 

adjustment of operations in response to less water). 

• The water level is reset at the beginning of each water year to match the observed water 

level.  

Environmental water has contributed to maintaining water levels in the Lower Lakes over the past 

five years (2014 to 2019). The modelling suggests that without environmental water, water levels in 

the Lower Lakes would have been less than 0.4 m AHD for 471 days over the five-year period, which 

represents 26% of time (Stewardson & Guarino 2020; Figure 10).  
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Figure 10 Contribution of environmental water towards maintaining water levels in the Lower Lakes above 0.4 m AHD 
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Salinity  
(Analysis of approach at Attachment 2: Salinity analysis approach) 

Summary of findings 
The ecology of the Coorong is largely shaped by the salinity gradient from the less saline North 

Lagoon to the hypersaline South Lagoon. For example, the distribution and abundance of two key 

species that are critical to food webs in the Coorong—ruppia (Ruppia tuberosa) and small-mouthed 

hardyhead (Atherinosoma microstoma) in the South Lagoon—are influenced by salinity. Salinity in 

the Coorong is largely influenced by freshwater inflows through: 

• the barrages 

• movement of seawater through the Murray Mouth 

• freshwater flows via Salt Creek 

• the constriction of water movement along the Coorong  

• evaporation.  

The salinity regime of the lower lakes is driven by the relative influence of freshwater inflows from 

the Murray River and seawater input from the ocean (Chiew et al. 2020).  

A recent review has concluded that the majority of evidence points to the Lower Lakes being largely 

fresh before European settlement (Chiew et al. 2020). Upstream development reduced river flows by 

about half, resulting in more frequent seawater incursion into the lakes. The barrages were built in 

1940 as a management response (Chiew et al. 2020).  

Salinity in the Lower Lakes influences ecological character, including the types of habitats and species 

present (Lester et al. 2011). A target of less than 1,000 EC was developed based on the salinity 

tolerances of key species and communities and periods of salinity above 1,500 EC are predicted to 

result in the decline in condition of the system and, ultimately, the loss of biodiversity. 

Since the implementation of the Basin Plan, targets for salinity at Lake Alexandrina have been met. 

Freshwater inflows from environmental water have played an important role in achieving this target.  

Salinity levels in the Coorong have not been achieved. However, levels have been lower than what 

they were during the Millennium Drought, suggesting that conditions would have been worse 

without the contribution of environmental flows delivered under the Basin Plan.  
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Evaluation assessment 
Table 4 Salinity evaluation assessment 

Indicator Condition assessment Assessment of contribution of the Basin Plan 

Salinity in the Coorong Salinity targets (BWS) 
for the Coorong were 
not achieved. 

It is likely that conditions would have been 
worse without the Basin Plan. 

Salinity in the Lower 
Lakes 

Salinity targets (BWS) 
for Lake Alexandrina 
were achieved. 

The Basin Plan played an important role in 
achieving salinity levels in the Lower Lakes.  

Basin plan objectives for salinity 
The BWS sets specific targets that aim to achieve the objectives of the Basin Plan. For salinity levels in 

the Coorong and Lower Lakes these are: 

• Salinity in the Coorong’s South Lagoon is less than 100 g/L 95% of the time—noting that a 

salinity target for the North Lagoon is not prescribed in the Basin Plan or BWS. 

• Salinity in Lake Alexandrina is less than 1,000 EC 95% of the time and 1,500 EC all of the time. 

Assessment method of salinity 
Table 5 Salinity assessment method 

Indicator Analysis method Location of data and 
analysis details 

Condition assessment Assessment of the 
contribution of the 
Basin Plan 

Salinity in the Coorong Trend analysis against 
pre-Basin Plan baseline 

Comparisons using 
modelled data 

Attachment 2: 
Salinity analysis 
approach 

Salinity in the Lower 
Lakes 

Trend analysis against 
pre-Basin Plan baseline 

Multiple lines of 
evidence collated 
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Condition of salinity 

Salinity in the Coorong 

To what extent have the salinity levels in the Coorong been maintained (i.e. 
Coorong South Lagoon less than 100 g/L 95% of the time) since the Basin Plan 
was implemented? 

Salinity in the South Lagoon of the Coorong fluctuates seasonally in response to inflows and 

evaporation, with higher salinities in autumn (March) and lower in spring (September). While salinity 

in the South Lagoon since the implementation of the Basin Plan (June 2013 – June 2019) has been 

lower than it was during the Millennium Drought, it has been below the target of 100 g/L for only 

84% of the time. The target of less than 100 g/L 95% of the time has therefore not been achieved. 

Post-Basin Plan salinity peaked at around 127 g/L in March and April 2016, with exceedance of the 

100 g/L limit recorded in 2015, 2016, 2018 and 2019 (Figure 11). 

 

Figure 11 Average salinity levels (g/L) in the South Lagoon of the Coorong from 2009 to 2019. The orange line indicates the 
target level 100 g/L (data from WaterConnect). Salinity was calculated using electrical conductivity and a conversion 
formula developed from empirical data from the Coorong (DEW) 

Salinity in the Lower Lakes 

To what extent have the salinity levels in Lower Lakes been maintained (i.e. 
Lake Alexandrina less than <1000 EC 95 % of the time, and <1,500 EC all of the 
time) since the Basin Plan was implemented? 

Since the implementation of the Basin Plan, the BWS salinity targets for Lake Alexandrina have been 

met. The 7-day rolling average of salinity in Lake Alexandrina has remained below 1,000 EC 100% of 

the time, meeting both targets. There has been an increase in salinity over the past three years 

(nearing the 1,000 EC target) due to the extended drought period and the associated reduction in 

barrage flows (Figure 12). 
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Figure 12 Average salinity (EC) in Lake Alexandrina from July 2009 to June 2019 (data from Water Connect SA)  

Contribution of the Basin Plan to salinity  

Salinity in the Coorong and Lower Lakes  

To what extent has the delivery and protection of environmental water 
contributed to salinity levels in the Coorong and Lower Lakes? 

Modelled salinity concentrations in the North and South lagoons of the Coorong with and without 

environmental water highlight the significant contribution of the Basin Plan (Figure 13 
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Figure 13).  

In the absence of environmental water, it is predicted that salinity in the South Lagoon would have 

continued to rise, with an average salinity of around 100 g/L in 2014 to 2019. Without environmental 

water, it is predicted that salinity would have peaked in March or April 2019 at over 170 g/L 

(Stewardson & Guarino 2020). 

Although we do not have similar models of the likely salinity in the Lower Lakes in the absence of 

environmental water, the contribution of environmental water to the lakes over the past seven years 

has been significant. The relative contribution of environmental water to the Lower Lakes (as 

indicated by flows in the Murray River at Wellington, upstream of Lake Alexandrina) illustrates that, 

particularly during dry conditions, environmental water contributes a large proportion of the total 

river flow (Figure 14). For example, in 2018–19, environmental water comprised 68% of the total 

flow volume and had a significant effect on the flow regime for 100% of the days in the water year 

(Stewardson & Guarino 2020). These large volumes of relatively fresh water can be presumed to 

have a significant contribution to maintaining salinity conditions in the Lower Lakes, especially during 

periods of dry conditions in the catchment. 
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Figure 13 Predicted salinity concentrations in the North and South lagoons of the Coorong with and without environmental 
water from 2014 to 2019 (Stewardson & Guarino 2020) 

 

 

Figure 14 Contribution of environmental water to Murray River flows at Wellington in the high flow year (2016–17, top) and 
a drier year (2018–19, bottom) (Stewardson & Guarino 2020) 

Ecology  
(Analysis of approach at Attachment 3: Ecology analysis approach) 

Summary of findings 
The CLLMM supports a diversity and abundance of native fish, vegetation and waterbird 

communities that are underpinned by a complex food web.  

During the Millennium Drought, particularly from 2007 to 2010 when water levels in the Lower Lakes 

fell and salinity across the system rose, there were notable impacts on the ecology of the system. 

There were declines in the abundance, population structure and condition of native fish, including a 

loss of the three native freshwater threatened fish species: Murray hardyhead, Yarra pygmy perch 

and southern pygmy perch. The vegetation condition and extent declined with a loss of ruppia 

(Ruppia tuberosa) from the South Lagoon of the Coorong and loss of submerged macrophytes in the 

Lower Lakes. There were changes in the distribution of waterbirds, with an increase in shorebirds in 

the drying Lower Lakes and a decline in waterbirds in the hypersaline systems of the Coorong. The 

food web had become disrupted with a loss of key species such as the primary producer ruppia and 

the important fish species sandy sprat and small-mouthed hardyhead. 



 

 
Murray–Darling Basin Authority  The 2020 Basin Plan Evaluation, End of system evidence report            23 

The breaking of the drought in late 2010 resulted in a positive response in the ecology of the system 

as water levels increased and salinity decreased. The contribution of the Basin Plan to the ecology of 

the system can be seen through continued improvement and maintenance of some aspects of the 

ecology of the system from 2012 to 2019, despite the ongoing dry conditions in the catchments of 

the Basin. 

Since the implementation of the Basin Plan, there have been some ecological improvements. There 

have been improvements in fish indicators and recovery of two of the three threatened fish species 

in the Lower Lakes: Murray hardyhead and southern pygmy perch. The overall condition of many 

populations, however, is still considered to be poor and Yarra pygmy perch is considered to be 

regionally extinct. There has been an increase in submerged and emergent vegetation in both Lake 

Alexandrina and Lake Albert, although these are still recovering to post-drought conditions. There 

have been improvements in the extent of ruppia in the South Lagoon of the Coorong, but 

reproductive functions are not on trajectory for recovery. Abundance and diversity of waterbirds in 

the Lower Lakes appear to have recovered. Resident and migratory shorebirds, however, continue to 

decline in abundance. The lack of recovery of migratory shorebirds may in part be explained by 

impacts in the flyway outside the site, but they have also been affected by ongoing impacts to food 

webs in the Coorong.  

Evaluation assessment 
Table 6 Ecology evaluation assessment 

Indicator Condition assessment Assessment of contribution of the Basin 
Plan 

Diversity of native fish The diversity of native fish 
species has been 
maintained. 

The role of the Basin Plan is uncertain. 

Populations of key 
estuarine species 

Populations of key estuarine 
species have been partly 
maintained. 

Some maintenance or improvements are 
linked to increased inflows that the Basin 
Plan has contributed to. 

Bi-directional 
movement of 
diadromous species 

Bi-directional movement of 
diadromous species was not 
assessed. 

The role of the Basin Plan was not 
assessed, but preliminary evidence was 
presented. 

Ruppia extent and 
seedbank 

Targets for ruppia extent 
were achieved. 
Targets for ruppia seedbank 
were not achieved. 

The Basin Plan is likely to have 
contributed to ruppia extent by reducing 
salinity levels, however, seasonal salinity 
levels are too high to achieve targets for 
the seedbank.  

Condition of 
submerged and 
littoral vegetation in 
Lower Lakes 

There has been no 
degradation of plant 
communities in the Lower 
Lakes.  

The Basin Plan has contributed to this by 
maintaining salinity and water levels. 
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Number of migratory 
shorebirds in the 
Coorong 

Data is too variable to 
conclude. 

The role of the Basin Plan is uncertain. 

Number of migratory 
shorebirds in the 
Lower Lakes 

The abundance of 
waterbirds in Lake 
Alexandrina was largely 
maintained. 

The Basin Plan is likely to have played a 
role, however evidence is limited. 

Number of waterbird 
functional groups in 
the Lower Lakes 

The number of functional 
groups was maintained, 
however, there was 
variation on composition. 

The Basin Plan is likely to have played a 
role, however evidence is limited. 

Productivity Productivity was not 
assessed. 

The role of the Basin Plan was not 
assessed. 

Basin Plan objectives for ecology  
The Basin Plan establishes a target for biota of ‘no loss of or degradation in recruitment and 

populations of native, water-dependent species including vegetation, birds, fish and 

macroinvertebrates’ to be achieved by June 2019. The BWS provides the following expected 

outcomes that are specific to the end of system: 

• For estuarine fish populations 

o maintenance of annual population abundance (catch per unit effort [CPUE]) of key 

estuarine prey species (sandy sprat and small-mouthed hardyhead) throughout the 

Coorong 

o detection of a broad spatial distribution of black bream and greenback flounder; with 

adult black bream and all life stages of greenback flounder present across more than 

50% of the Coorong in eight out of ten years 

o improved population structure of mulloway, including spawning aggregations at the 

Murray Mouth in six out of ten years and recruitment in at least five out of ten years 

• For migratory shorebirds 

o at a minimum, maintain populations of the following four key species: curlew 

sandpiper, greenshank, red-necked stint and sharp-tailed sandpiper, at levels 

recorded between 2000 and 2014 

• For ruppia 

o  Ruppia tuberosa occurs in at least 80% of sites across at least 50 km extent in the 

South Lagoon of the Coorong by 2019  

o the seedbank to be sufficient for the population to be resilient to major disturbances 

(i.e. 10,000 seed/m2) within the core bed of Ruppia tuberosa by 2029. 
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Assessment method of ecology 
Table 7 Ecology assessment method 

Indicator Analysis method Location of data 
and analysis 
details Condition assessment Assessment of the 

contribution of the Basin 
Plan 

Diversity of native fish Trend analysis against 
pre-Basin Plan 
baseline  

Lines of evidence collated 
from intervention 
monitoring programs 

Attachment 3: 
Ecology analysis 
approach 

Populations of key 
estuarine species 

Trend analysis against 
pre-Basin Plan 
baseline 

Lines of evidence collated 
from intervention 
monitoring programs 

Bi-directional 
movement of 
diadromous species 

Not assessed  Not assessed—preliminary 
lines of evidence presented 

Ruppia extent and 
seedbank 

Trend analysis against 
pre-Basin Plan 
baseline 

Not assessed 

Condition of 
submerged and 
littoral vegetation in 
Lower Lakes 

Trend analysis against 
pre-Basin Plan 
baseline 

Lines of evidence collated 
from intervention 
monitoring programs 

Number of migratory 
shorebirds in the 
Coorong 

Trend analysis against 
pre-Basin Plan 
baseline 

Lines of evidence collated 
from intervention 
monitoring programs 

Number of migratory 
shorebirds in the 
Lower Lakes 

Trend analysis against 
pre-Basin Plan 
baseline 

Lines of evidence collated 
from intervention 
monitoring programs 

Number of waterbird 
functional groups in 
the Lower Lakes 

Trend analysis against 
pre-Basin Plan 
baseline 

Lines of evidence collated 
from intervention 
monitoring programs 

Productivity Not assessed— 
preliminary evidence 
presented 

Not assessed 
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Condition of native fish  

Populations of key estuarine species 
The CLLMM supports a diversity and abundance of estuarine fish species. The estuarine fish 

community has a number of inherent and supporting values as:  

• an important aspect of biodiversity at the local and regional scale, representing the only 

estuarine fish community in the Basin 

• key elements of the food web and ecosystem function 

• supporting important recreational and commercial fisheries 

• providing important cultural values for the Ngarrindjeri people. 

Freshwater inflows are important for maintaining estuarine fish communities. Temporal and spatial 

variability in flow and salinity are key drivers of functions such as spawning, recruitment and 

population structure. 

Basin-wide strategy (MDBA 2014) outcomes relevant to estuarine fish populations are: 

• maintenance of annual population abundance (CPUE) of key estuarine prey species (sandy 

sprat and small-mouthed hardyhead) throughout the Coorong 

• detection of a broad spatial distribution of black bream and greenback flounder, with adult 

black bream and all life stages of greenback flounder present across more than 50% of the 

Coorong in eight out of ten years 

• improved population structure of mulloway, including spawning aggregations at the Murray 

Mouth in six out of ten years and recruitment in at least five out of ten years. 

To what extent have populations of key estuarine fish species been 
maintained? 

The estuarine fish condition of the Coorong has improved from pre-Basin Plan/Millennium Drought 

condition, but not all targets are currently being met.  

Sandy sprat and small-mouthed hardyhead, are key prey species that play important roles in the food 

webs of the CLLMM. They are highly responsive to river flows, showing rapid increases in abundance, 

recruitment and distribution post high flows. High flows in 2016–17 resulted in increased abundance 

in both species.  

Small-mouthed hardyhead were classified as having a ‘very good’ population condition, with a broad 

distribution of juveniles and adults in both the North and South lagoons of the Coorong. The CPUE of 

both adults and juveniles was above ecological targets (greater than 120 and greater than 800 

fish/CPUE, respectively) in both 2016–17 and 2018–19 (Figure 15). The abundance of this species 

varies considerably on annual time scales and was very low in 2017–18. The overall condition of 

small-mouthed hardyhead in the Coorong is reported annually, and in post Basin Plan years has 

ranged from ‘poor’ in 2014–15 to ‘very good’ in 2016–17. It was considered ‘moderate’ in 2018–19. 

This is compared to conditions assessments of ‘extremely poor’ in 2008–09 and 2009–10 at the end 

of the Millennium Drought (Ye et al. 2020; Table 8). 



 

 
Murray–Darling Basin Authority  The 2020 Basin Plan Evaluation, End of system evidence report            27 

Black bream and greenback flounder are important to recreational and commercial fisheries, 

however, populations are currently low and stocks in the Lakes and Coorong have been evaluated as 

‘depleted’ (Earl 2019). Population condition scores for the two species have varied over the past 

decade and, while there was some initial improvement post-Basin Plan, they are both considered to 

be in ‘poor’ condition currently (Table 8). Black bream and greenback flounder populations in the 

Coorong are characterised by having a low relative abundance, reduced distribution and truncated 

age structure. Ye at al. (2020) conclude that ecological objectives to restore resilient populations of 

black bream and greenback flounder in the Coorong have not been achieved. 

Mulloway is another popular recreational fish, with spawning closely linked to freshwater discharges 

and changes in salinity. Although spawning of mulloway has not been monitored, there is secondary 

evidence (from population abundance) to indicate that the population has been steadily increasing 

from a CPUE of less than 1 kg/fish/net/day in 2010–11 to almost 10 kg/fish/net/day in 2017–18 (Earl 

2019). 

 

 

Figure 15 Average catch per unit effort (CPUE) of small-mouthed hardyhead adults (top) and juveniles (bottom) in the 
Coorong from 2008–09 to 2018–19 (Ye et al. 2020). Blue lines indicate The Living Murray 9(TLM) targets for this species 
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Table 8 Condition scores of three estuarine fish populations in the Coorong based on abundance, distribution, age structure 
and recruitment from 2008–09 to 2018–19 (Ye et al. 2020)  

Water year Condition scores for small-
mouthed hardyhead 

Condition scores for 
black bream 

Condition scores for 
greenback flounder 

2008–09 Extremely poor Very poor Extremely poor 

2009–10 Extremely poor Very poor Extremely poor 

2010–11 Moderate Extremely poor Poor 

2011–12 Very good Poor Moderate 

2012–13 Good Poor Moderate 

2013–14 Moderate Very poor Moderate 

2014–15 Poor Very poor Poor 

2015–16 Moderate Extremely poor Poor 

2016–17 Very good Poor Moderate 

2017–18 Moderate Moderate Poor 

2018–19 Moderate Very poor Very poor 

 

Populations of key threatened species  
The Lower Lakes historically supported three small-bodied threatened fish species: 

• Murray hardyhead (Craterocephalus fluviatilis)—critically endangered in South Australia and 

endangered under the International Union for the Conservation of Nature’s (IUCN) Red List 

of Threatened Species 

• Yarra pygmy perch (Nannoperca obscura)—vulnerable under the Environment Protection and 

Biodiversity Conservation Act 1999 (EPBC Act) and IUCN Red List, and critically endangered in 

South Australia 

• Southern pygmy perch (N. australis)—endangered in South Australia. 

As listed threatened species, there are obligations to protect and conserve these three small-bodied, 

short-lived native fish. Their distribution and abundance in the Lower Lakes is closely linked to 

freshwater inflows and the effect of those flows on salinity and physical habitat.  

To what extent have populations of key threatened fish species been 
maintained in the Lower Lakes? 

Populations of threatened fish species in the Lower Lakes have been evaluated using The Living 

Murray (TLM) condition targets (DEWNR 2017), which include to: 
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• maintain or improve abundances of Murray hardyhead and pygmy perches so that relative 

abundance index values of greater than 0.7 are achieved on an annual basis 

• achieve a young-of-the-year (fish in their first year of life) index greater than 0.5 for Murray 

hardyhead and greater than 0.3 for pygmy perches. 

The condition targets are calculated as follows: 

• The relative abundance index assesses the extent of a threatened fish population in relation 

to the 2003 baseline condition when healthy fish populations occurred before the impacts of 

the Millennium Drought.  

• The young-of-the-year index calculates the proportion of the annual population that is 

young-of-the-year.  

The three threatened species of the Lower Lakes had viable and stable populations prior to the 

Millennium Drought (Wedderburn and Hammer 2003). During the Millennium Drought, increased 

salinity and decreased water levels limited habitat and so populations declined. It was considered 

that both species of pygmy perch were made locally extinct in the Lower Lakes in the latter part of 

the drought and numbers of Murray hardyhead were very low (Figure 16). Following the breaking of 

the drought and improved water and salinity regimes in the Lower Lakes, re-stocking was 

implemented in an attempt to recover the three threatened fish species.  

 
 
Figure 16 Total number of three threatened fish captured in annual surveys 2008 to 2019 (data from Bice et al. 2008; 
Wedderburn and Barnes 2013, 2014, 2016, 2017, 2018, 2019). Note that sample methods changed over the period and the 
numbers [post 2016 may not be comparable to pre 2016. 

Since 2012, there is evidence of recovery of two of these species: southern pygmy perch and Murray 

hardyhead. The relative abundance (RA) indices for both the southern pygmy perch and Murray 

hardyhead have improved and the targets for both species are currently met. The RA for southern 

pygmy perch is at the maximum score of 1 for each year since 2016. It has been at or close to 1 for 

Murray hardyhead since 2013–14 (Table 9). In addition, the young-of-the-year index, which indicates 
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population structure and is a measure of recruitment, has been within the target range for both 

species since 2012–13. 

Table 9 Relative abundance (RA) and young-of-the-year (YOY) indices for three threatened fish species in the Lower Lakes 
2008 to 2019 (data from Bice et al. 2008; Wedderburn et al. 2012, 2013, 2014; Wedderburn & Barnes 2016, 2017, 2018, 
2019) 

Year Southern pygmy perch Yarra pygmy perch Murray hardyhead 

RA index YOY index RA index YOY index RA index YOY index 

2008 0.7 0.5 0.4 0 1 < 0.1 

2011–12 0 0 0 0 0 0 

2012–13 0.6 0.4 0.4 0.2 0.7 0.7 

2013–14 0.6 0.9 0.2 0 1 0.8 

2015 0.6 - 0 0 1 - 

2016 1 0.4 0 0 1 0.99 

2017 1 0.3 0 0 1 0.94 

2018 1 0.3 0 0 1 0.97 

2018 1 0.4 0 0 0.9 0.97 

 

Despite the targets being achieved, the authors of the 2018–19 condition report caution that 

abundances of southern pygmy perch are still low and there was a decline in abundance in this 

species in 2019 (Wedderburn and Barnes 2019). Similarly, there result for Murray hardyhead should 

also be treated with caution, as the species exhibited a decline in abundance in 2017 and 2018 and 

has not yet returned to its pre-drought range, remaining absent from Lake Albert, despite significant 

stocking efforts (Wedderburn and Barnes 2019). 

Fish diversity in the Coorong and Lower Lakes  
The Coorong and Lower Lakes support a diversity of native fish, which has been identified as one of 

the critical components of the ecological character of the Coorong and Lakes Alexandrina and Albert 

Wetland Ramsar site. The diversity of fish reflects the diversity of habitat and is strongly linked to 

freshwater inflows and the effect this has on salinity, habitats and connectivity. The diversity of fish 

supports a number of values including food webs, commercial and recreational fisheries, and 

Traditional Owner values. 

How has overall fish diversity for the Coorong and Lower Lakes changed since 
implementation of the Basin Plan? 

A total of 104 fish species have been recorded to date in the Coorong, Lower Lakes and Murray 

Mouth, with 45 species from the Lower Lakes and 93 from the Coorong (Bice et al. 2019a). This 

represents an assemblage with a diverse range of morphologies, sizes, life histories, and commercial 

and conservation significance. Of these 104 species, around 45 could be considered to be regularly 

supported, with annual monitoring detecting typically 30 species in spring and summer (Bice et al. 

2019a). 

Overall, species richness has changed little from 2006–07 to 2018–2019 (Figure 17), indicating that 

native fish diversity has been maintained in the Coorong and Lower Lakes since the implementation 

of the Basin Plan. The number of freshwater species declined in the latter part of the Millennium 
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Drought (2007 to 2010) as a result of declining habitat availability and increasing salinity. Diversity of 

freshwater species increased following higher freshwater inflows in late 2010. Conversely, the 

number of marine species was highest 2007 to 2010, declining during high flow years. 

 

Figure 17 Species richness 2006 to 2019 from monitoring in the fishways of the barrages (Bice et al. 2019a)  

Contribution of the Basin Plan to native fish 

To what extent has the delivery and protection of environmental water 
contributed to changes in estuarine fish populations in the Coorong and Lower 
Lakes?  

The abundance, distribution and condition of native fish in the CLLMM is tightly linked to freshwater 

inflows and resulting variations in salinity. During the Millennium Drought, the fish communities in 

the CLLMM declined, with decreased water levels in the Lower Lakes and increased salinity 

throughout the system. Threatened freshwater fish species and diadromous species declined in the 

Lower Lakes and were replaced with more salt-tolerant estuarine species (Bice et al. 2019b). A similar 

decline in estuarine fish species was observed in the Coorong and Murray Mouth as salinity increased 

(Ye et al. 2016). 

Following the breaking of the drought and an increase in freshwater flows in late 2010, fish 

communities in the Lower Lakes responded. There were declines in estuarine fish and the reduction 

in salinity and improved hydrological connectivity resulted in increases in small-bodied freshwater 

fish species and diadromous species (Ye et al. 2016). The return of freshwater flows also saw a 

positive response in fish populations in the Coorong and Murray Mouth (Ye et al. 2016). 

Climatic conditions across most of the Basin since the implementation of the Basin Plan have been 

largely dry—apart from 2016–17, where rainfall in the catchment resulted in naturally high river 
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flows. Water levels and salinity in the CLLMM have largely been maintained through these dry years 

with environmental water. For example, in 2018–19, 68% of the total flow in the Murray River at 

Wellington and 100% of the water that was discharged through the barrages was environmental 

water (Stewardson & Guarino 2020). 

While environmental water is contributing to the fish communities and populations in the system, it 

is insufficient to restore full functionality. This is evidenced by the continued poor condition and 

population structure in estuarine fish species such as black bream and greenback flounder. For 

example, black bream are known to require salt-wedge formation (stratified salinity gradient with a 

halocline) to provide favourable conditions for recruitment (Jenkins et al. 2010). While there have 

been a couple of incidences were environmental water has resulted in conditions suitable for the 

spawning of this species, this has been too infrequent to maintain population structure (Ye et al. 

2020). 

Diadromous fish movement: preliminary evidence 

The CLLMM provides the transition from the freshwater systems that make up most of the Murray–

Darling Basin to the estuary and ultimately the ocean. This unique ecosystem is also a movement 

pathway for diadromous fish species—congolli, common galaxias and lamprey—that spend some of 

their lifecycle in freshwater and another part of their lifecycle in the estuary or ocean.  

Fish movement through the tidal barrages at the CLLMM has been enhanced for diadromous fish 

through the construction of 11 fishways. Freshwater inflows through the tidal barrage fishways into 

the Coorong is vital for these movements. During the Millennium Drought, freshwater discharges to 

the Coorong estuary, including through the fishways, ceased (2006 to 2010). This led to increases in 

salinity, a loss of fish species diversity and reduced abundances of diadromous species (Bice and 

Zampatti 2014). 

Nine years of regular freshwater inflows to the estuary and ocean since 2011 have greatly enhanced 

diadromous fish passage through the barrages. The most recent reporting on diadromous fish 

movement (Bice et.al. 2019a) shows that since the resumption of flows to the ocean (2011–12 

onwards) diadromous fish abundance, movement and recruitment have responded as follows: 

• The number of diadromous fish caught in fishway traps from each of these species has 

increased. 

• Pouched lamprey (sampled in winter—July–August) have been captured in each year of 

sampling except for 2014–15. 

• The first short-headed lamprey since 2011 was sampled at the barrages in October 2018. 

• Congolli young of year have been sampled each year, excluding 2012–13 when no sampling 

occurred, with increased numbers since 2013–14. 

• Congolli migrations peaked in December and January with common galaxias migrations 

peaking in October, November and December. 
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For diadromous fish, barrage freshwater discharges (including environmental water) and fishway 

operation should aim to provide connectivity between the estuary and freshwater between June and 

January each year as a minimum. This encompasses three key periods:  

1. June–August to allow for downstream spawning migrations of congolli and common galaxias 

and upstream migrations of pouched lamprey 

2. August–November to allow for upstream migrations of short-headed lamprey  

3. October‒January to allow for the upstream migrations of juvenile congolli and common 

galaxias. 

Condition of vegetation 

Ruppia in the Coorong 
Ruppia tuberosa is the main aquatic flowering plant in the Coorong and provides important 

ecological functions. Also referred to as ‘tuberous sea-tassel’, ruppia is found primarily in the South 

Lagoon where it serves as a food resource and critical habitat for invertebrates, waterbirds, 

migratory shorebirds and some fish species. It is a major food source for a range of waterbirds, 

including the black swan (Cygnus atratus) and migratory shorebird species, including the sharp-tailed 

sandpiper, red-necked stint and curlew sandpiper. The presence of ruppia may also contribute to 

successful recruitment of some fish species, such as small-mouthed hardyhead, which use the plant 

as a site for depositing eggs (Rogers and Paton 2009). 

These ecological functions make ruppia a keystone species in the Coorong. Changes in its distribution 

and condition can provide a good indication of the overall health of the system. Some factors that 

are known to affect distribution and condition of ruppia include water regime, turbidity, salinity and 

wave action (Nicol et al. 2019b). These factors are considered as part of management of the system 

and prioritisation of environmental watering. The dynamics of the conditions required for ruppia to 

complete its lifecycle are complex and may explain the fluctuations in extent and condition in the 

Coorong over time.  

Since 2002, there had been a decline in ruppia extent in the South Lagoon and, by 2008, there were 

no plants detected (Nicol 2016; Nicol et al. 2019b). Between 2006 and 2010, the species established 

in the North Lagoon but declined soon after (Paton et al. 2017). After the breaking of the Millennium 

Drought in late 2010, ruppia was present in the South Lagoon and the southern end of the North 

Lagoon (Frahn et al. 2012). 

Has the extent and resilience (i.e. seedbank) of Ruppia tuberosa been 
maintained in the Coorong?  

From the implementation of the Basin Plan in 2012 until 2019, the extent of ruppia increased in the 

South Lagoon of the Coorong, with the target of greater than 80% of sites containing the plant 

species being achieved in both 2017 and 2018 for the first time since the Millennium Drought (Error! R

eference source not found.). There was a slight fall in the number of sites with live plant material in 

2019 to 78% of sites, bringing the indicator just below the target of 80%. Nevertheless, there have 

been significant improvements in ruppia extent since the implementation of the Basin Plan.  
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Figure 18 Area of occupation (percentage of sites with live plants) of ruppia in the South Lagoon of the Coorong (data from 
Paton et al. 2020)  

Ruppia is an annual plant and must produce seeds and turions (bud that acts as a vegetative 

propagule) to secure its future viability (Nicol 2005). In the absence of a viable seedbank, the species 

is not resilient to short-term changes in the physical environment. The seedbank of ruppia has not 

improved since the implementation of the Basin Plan and remains very low (less than 350 seeds/m2) 

(Error! Reference source not found.) compared to a target (to be reached by 2029) of at least 10,000 s

eeds/m2. It appears that we are not on track to meet the resilience target by 2029 and, by winter 

2019, there was still no viable seedbank or adequate production of turions. 

 

Figure 19 Average number of seeds of ruppia/m2 in the South Lagoon from 2007 to 2019 

https://data.gov.au/data/dataset/9c0f3a2a-c9b9-43a3-9edf-9d198c87e6e0 

Submerged and littoral vegetation in the Lower Lakes 
The Lower Lakes support an array of different fringing emergent and submerged vegetation 

communities around Lake Alexandrina and Lake Albert. The littoral zone supports emergent reed 
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beds, with pockets of submerged vegetation communities, while the deeper sections are largely 

open water. The plants: 

• provide habitat and food for invertebrates, fish (including threatened species) and 

waterbirds 

• improve water quality 

• stabilise the shorelines. 

The composition, diversity and extent of submerged and littoral vegetation communities is closely 

related to water levels and salinity. During the Millennium Drought, there was a loss of freshwater 

submerged species and, while emergent macrophytes persisted, there was no recruitment and 

condition was poor (Nicol 2016; Nicol et al. 2019b). Meanwhile, terrestrial plant species colonised 

areas of the lake bed (Nicol et al. 2019a). 

To what extent has the condition of submerged and littoral vegetation been 
maintained in the Lower Lakes?  

There have been increasing trends of native vegetation richness (and a decline in exotic terrestrial 

species) in the submerged and littoral communities of the Lower Lakes from around 2010–11 to the 

present (Figure 20). The decreased water levels and increased salinity experienced in the Lower 

Lakes during the Millennium Drought resulted in a complete loss of the submerged vegetation 

community and a decrease in the abundance of emergent species (Nicol et al. 2019b). The data 

collected from 2007 to 2019 illustrates the gradual recovery of diversity in these plant communities 

from 2010–11 and a maintenance of diversity since the implementation of the Basin Plan. 
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Figure 20 Mean native species richness of submerged and littoral vegetation communities in the Lower Lakes (Nicol et al. 
2019b) 

A similar pattern of post-drought recovery and maintenance since the implementation of the Basin 

Plan is evident in the whole of lakes condition score (Figure 21), although the score masks site-

specific trends.  

While the vegetation condition at Lake Alexandrina and Albert have been continuously improving 

since 2010-11, the vegetation at the Goolwa Channel has been more variable. In Lakes Alexandrina 

and Albert, the condition of submerged and emergent vegetation condition has improved since 2013, 

with an increase in native amphibious and submerged species. In Goolwa Channel, there has been an 

undesirable increase in Typha domingensis and Phragmites australis and a decrease in submergent 

species (Nicol et al. 2019a). 

 

 

Figure 21 Whole of lakes condition score for submerged and littoral vegetation communities in the Lower Lakes (Nicol et al. 
2019) 

Contribution of the Basin Plan to vegetation 

Ruppia in the Coorong 

How has the delivery and protection of environmental water contributed to 
extent and resilience (i.e. seedbank) of ruppia in the Coorong? 

Ruppia is one of the most salt-tolerant plants known globally and has been reported to be able to 

survive in adult form in salinities up to 230 g/L. It requires salinity of less than 85 g/L for germination 
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from seed and less than 120 g/L to germinate from turions. However, salinities in the South Lagoon 

less than 80 g/L often result in smothering of ruppia by filamentous algae (Nicol et al. 2019b).  

The contribution of environmental water to maintaining salinities in the South Lagoon of the Coorong 

is likely to have contributed to the continued recovery of the extent of ruppia. Salinity in the South 

Lagoon, however, seasonally (in late summer and autumn) exceeds the 85 g/L threshold for seed 

germination (see Figure 11). In addition, there are other factors such as increased nutrients and 

filamentous algae impacting on the condition of these submerged macrophyte beds (Paton et al. 

2020).  

Submerged and littoral vegetation in the Lower Lakes 

How has the recovery, delivery and protection of environmental water 
contributed to the condition of submerged and littoral vegetation in the Lower 
Lakes? 

There is evidence to support the assertion that environmental water has contributed to maintaining 

freshwater conditions in the Lower Lakes and, therefore, has contributed to the recovery of 

submerged and littoral vegetation. Maintaining salinity and water levels, plus annual fluctuations in 

water level that allow for the germination and establishment of macrophytes, are contributing to 

improved vegetation outcomes in the Lower Lakes (Nicol et al. 2019a). 

Condition of waterbirds 

Migratory shorebirds in the Coorong 
The Coorong is the most important wetland site in the Murray–Darling Basin for waterbirds in terms 

of abundance, diversity and breeding metrics. Additionally, it is the main wetland for migratory 

shorebirds and maintaining numbers at the Coorong helps to ensure resilience in global migratory 

shorebird populations. Waterbird species prefer different habitats for feeding and resting, and 

roosting and breeding, and must move between them to survive, reproduce and breed. Thus, a 

mosaic of adequate wetland habitats is a prerequisite for a sustainable waterbird population. 

To what extent have populations of key species of migratory shorebirds been 
maintained in the Coorong? 

The BWS (2014) establishes an ecological outcome for shorebirds in the Coorong based on four 

indicator species: ‘At a minimum maintain populations of the following four key species: curlew 

sandpiper, greenshank, red-necked stint and sharp-tailed sandpiper at levels recorded between 2000 

and 2014.’ 

Numbers of these individual shorebirds vary considerably from year to year and there is no 

consistent pattern discernible between the indicator species (Figure 22) or total migratory shorebird 

numbers at the site (Figure 23). For example, it seems that numbers of common greenshank and 

curlew sandpiper have declined since the end of the Millennium Drought. Red-necked stint, however, 

were recorded in their maximum abundance in 2015, and their lowest in 2017 (Figure 22). The high 
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degree of inter-annual variability both during the reference period (2000 to 2014) and post reference 

period (2015 to 2019) means that there is no statistically significant difference in overall shorebird 

abundance between these two periods (p > 0.05).  

The analysis approach used in this evaluation, comparing the reference pre-Basin Plan period with 

the post implementation period, has been used to keep consistency throughout the evaluation. An 

alternative analysis, comparing waterbird abundance to the long-term median abundance has 

indicated that clearly the trend for waterbirds in the Coorong is getting worse (DEW 2020). Some 

variation in trends were found between guilds with migratory shorebirds found to facing the worst 

decline (DEW 2020).  

 

Figure 22 Annual abundance of the four indicator species in the Coorong from 2000 to 2019 (Adelaide University Annual 
Coorong Waterbird Census; data.gov.au) 

The abundance of migratory shorebirds at the Coorong are lowest in years when CLLMM water levels 

are at their highest, for example in 2011–12 and 2017–18 respectively (Figure 23). Extensive flooding 

reduces shorebird habitat suitability at the CLLMM but increases suitability at other inland and 

upstream sites. The abundance of migratory birds at the CLLMM is also influenced by conditions 

across the Murray–Darling Basin and Lake Eyre Basin, as well as other sites on the East Asian–

Australasian Flyway. It is also important to acknowledge that not every shorebird species shows site 

fidelity year to year. 
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Figure 23 Annual abundance of all international migratory shorebirds in the Coorong from 2000 to 2019 with Coorong 
water depth (m AHD) (Adelaide University Annual Coorong Waterbird Census; data.gov.au) 

Populations of key waterbirds in the Lower Lakes 
The Coorong and Lower Lakes are recognised as a wetland of international importance in part due to 

the waterbird diversity and abundance they support. While both the Coorong and the Lower Lakes 

support large numbers of waterbirds, the species and communities differ.  

The Lower Lakes support significant numbers of: 

• herbivores such as black swans (Cygnus atratus) and a variety of ducks 

• piscivourous (fish eating) birds, such as great cormorants (Phalacrocorax carbo), pied 

cormorants (Phalacrocorax varius) and whiskered terns (Chlidonias hybrida) 

• large-bodied waders, such as royal spoonbills (Platalea regia), Australian white ibis 

(Threskiornis moluccus) and straw-necked ibis (Threskiornis spinicollis).  

In addition, the Lower Lakes provide habitat for a variety of cryptic crakes and rails, including the 

EPBC Act listed Australasian bittern (Botaurus poiciloptilus) (O’Connor and Rogers 2014). 

To what extent have populations of key species of waterbirds been maintained 
in the Lower Lakes? 

Abundance and diversity (species richness) of waterbirds in the Lower Lakes has largely been 

maintained since Basin Plan implementation. The composition of functional groups has changed 

since 2009, with shorebirds (more common in shallow water conditions) being less than 2% of the 

overall count since 2012. The high number of shorebirds at the Lower Lakes at the end of the 

Millennial Drought is highly atypical for the Lower Lakes system and perhaps reflects the low water 

levels and increased habitat for these species at that time. Another atypical feature of the 2009–10 

community composition was a lack of reed-dependent species due to very low water levels at the 

lakes. The return of wet conditions saw a shift in waterbird species, back to one dominated by 

piscivores, herbivores and ducks, which has been maintained since Basin Plan implementation, 

despite continued dry climatic conditions (Error! Reference source not found.). Some individual p

iscivorous (grebes and cormorants) species have had lower abundances and higher foraging times in 
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certain years post-Basin Plan implementation (i.e. in 2016 to 2019 time period), potentially indicative 

of lower food availability of small-bodied fish in the Lower Lakes. 

Waterbird diversity in the Lower Lakes has remained relatively stable over the past two decades, 

ranging from 55 to 65 species (Error! Reference source not found.). This reflects the movement of w

aterbirds in response to water level, salinity and habitat availability, with less piscivores and more 

shorebirds under lower water level conditions and the reverse when water levels are higher. 

 

 

Figure 24 Abundance of waterbirds in seven functional groups 2009 to 2019 in the Lower Lakes (data from Adelaide 
University annual Lower Lakes waterbird monitoring, data.gov.au) 

 

 

Figure 25 Species richness of waterbirds in seven functional groups 2009 to 2019 in the Lower Lakes (data from Adelaide 
University annual Lower Lakes waterbird monitoring, data.gov.au) 
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Contribution of the Basin Plan to waterbird populations 

How has the recovery, delivery and protection of environmental water 
contributed to waterbird populations in the Coorong and Lower Lakes? 

Waterbird diversity and abundance has been largely maintained in the Lower Lakes, with a return of 

waterbird guilds—such as ducks and piscivores—that are typical of the system. This can be attributed 

to a return of deeper water habitat and vegetation communities, to which environmental water has 

contributed.  

The situation in the Coorong is different. There have not only been declines in numbers of 

shorebirds, but the individuals present are spending increasing amounts of time foraging, which is 

indicative of poor food resources (Paton et al. 2018). Several factors have been implicated in the 

decline in foraging habitat quality in the Coorong. Some of these are largely unrelated to 

environmental water, such as the increase in filamentous algae, which is smothering foraging habitat 

and reducing food availability. The rapid drop in water levels in the Coorong South Lagoon in spring, 

however, is contributing to the decline of ruppia in the system, which is an important food source for 

many waterbirds. The rapid fall in water level prevents ruppia from setting seed. Reduced flows over 

the barrages have been identified as casual factor (Paton et al. 2018). Environmental water alone is 

largely insufficient to restore the required water regime to support waterbirds in the system. 
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Attachment 1: Hydrology analysis 
approach 

Barrage flows 
Rationale: A barrage flow is the water that flows over the barrages and is discharged through the 

Murray Mouth to the ocean. Adequate barrage flows support the health of freshwater and estuarine 

ecosystems located at the end of the Basin.  

Barrage flows: 

• help keep the Murray Mouth open 

• regulate salinity levels in the Coorong 

• improve the habitat availability and vigour of aquatic plants and animals in the Coorong, 

Lower Lakes and Murray Mouth (CLLMM) 

• are important for maintaining connectivity between the ocean, rivers and wetlands, 

particularly for native diadromous fish, which move between marine, freshwater and 

estuarine systems to complete their lifecycles.  

In addition, the outflows of water from the Murray to the ocean are vital in maintaining productivity 

along the coastline, as they provide inputs of nutrients and carbon (Auricht et al. 2018).  

Indicator: Annual barrage flow 

Target: Barrage flows greater than 2000 GL/year on a three-year rolling average basis for 95% of the 

time, with a two-year minimum of 600 GL at any time (Basin Plan 2012 and BWS 2014). 

Baseline condition: Comparison of barrage flows pre and post Basin Plan 

Condition analysis: A computer model is used to estimate barrage flow volumes using: 

• observed flow volumes into the Lower Lakes (measured at Lock 1) 

• observed water levels in Lake Alexandrina 

• observed climatic information 

• recorded diversion data (MDBA 2015b).  

Barrage flow calculations are subject to uncertainties, including the impacts of seiching (tidal 

variations as a result of wind directions and speeds). They are, therefore, generally presented as 

multiday or monthly averages. This approach reduces (but does not eliminate) the model 

uncertainty. The 2017 and 2020 Basin Plan evaluations use modelled monthly and annual barrage 

flow data. 
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Basin Plan contribution analysis: Modelling of barrage flows with and without environmental1 water, 

as reported in Stewardson and Guarino (2020) 

Murray mouth  
Rationale: Maintaining an open Murray Mouth is important for: 

• allowing for the discharge of salt, nutrients and pollutants from the Murray–Darling system 

into the Southern Ocean 

• allowing for fish to move between the freshwater and marine environments  

• maintaining tidal exchange and salinity levels in the Coorong.  

The degree of Murray Mouth openness is influenced by barrage flows and—in the other direction—

by flow driven by tides and waves. An open Murray Mouth allows tidal exchange and connectivity 

between the ocean and estuary.  

Indicator: The indicator assessed for Murray Mouth opening is the daily tide ratio (DTR) at Goolwa   

Target: The Murray Mouth open 90% of the time and open to an average annual depth of one metre 

without dredging (Basin Plan 2012 and BWS 2014) 

Baseline condition: The baseline is pre-Basin Plan conditions 

Condition analysis: In the absence of consistent data on channel depth, the Murray Mouth opening 

has been evaluated using DTR as an indicator. A DTR of 0 represents a complete physical closure of 

the Mouth, however, in order to function as an exchange point for water between the Coorong and 

the Southern Ocean, the mouth does not just need to be physically open. It needs to be sufficiently 

open to allow for exchange. A DTR of greater than 0.3 at Goolwa represents a functionally open 

Murray Mouth (DEW 2018).  

Basin Plan contribution analysis: The contribution of the Basin Plan to an open Murray Mouth has 

been inferred from flows over the barrages as modelled with and without environmental water by 

Stewardson and Guarino (2020). 

Lower Lakes levels 
Rationale: Water levels in the Lower Lakes are important for the ecological functioning of the CLLMM 

and for maintaining biodiversity. Gradual and seasonal changes in water levels in the Lower Lakes 

drive processes such as growth of vegetation and the provision of temporally variable habitat. Higher 

levels in late winter and spring provide access to food and shelter for aquatic fauna. A gradual 

drawdown in summer and autumn expose areas of mudflats for feeding shorebirds and germinating 

aquatic vegetation. 

It is important that water levels in Lake Alexandrina remain above 0.4 m AHD to ensure: 

 

1 Note that, while Stewardson and Guarino (2020) evaluated the effects of Commonwealth environmental 
water, at the barrages, Commonwealth environmental water represented the only environmental water. 



 

 
Murray–Darling Basin Authority  The 2020 Basin Plan Evaluation, End of system evidence report            47 

• ongoing connection between Lake Alexandrina and Lake Albert 

• the functional operation of the barrages and barrage fishways that connect Lake Alexandrina, 

the Coorong and Murray Mouth.  

Maintaining sufficient water levels in Lake Alexandrina also avoids acid sulfate soils being exposed 

and provides suitable conditions to: 

• support diverse submerged and littoral vegetation communities 

• provide aquatic habitats for threatened fish and birds.  

Indicator: Average water levels in Lake Alexandrina 

Target: Maintain levels above 0.4 m AHD for 95% of the time, as far as practicable, and maintain 

levels above 0.0 m AHD all the time (Basin Plan 2012 and BWS 2014) 

Baseline condition: The baseline is given by the indicator results for pre-Basin Plan conditions 

Condition analysis: Seven-day rolling averages of water levels in Lake Alexandrina from 2004 to 2019 

are graphed. Lake levels are calculated using a seven-day rolling average (i.e. current day plus six 

previous days) across several sites to account for tidal fluctuations and wind seiching. The sites used 

were Lake Alexandrina (LA) at Tauwitchere Barrage (A4260527), LA at Poltalloch Plains (A4260575), 

LA at Milang Jetty (A4260524), LA at Mulgundawa (A4260574), LA at Nurrung Jetty (A4260583) to 

2008 and Beacon 97 after this (A4261133). 

Basin Plan contribution analysis: LTIM Hydrology Basin Matter Reporting was used to assess the 

contribution of environmental water to baseflows (Stewardson & Guarino 2020). This analysis uses 

hydrological modelling to predict water levels in the absence of environmental water and is based on 

two assumptions: 

• The barrage operations are kept the same in each scenario (i.e. there has been no 

adjustment of operations in response to less water). 

• The water level is reset at the beginning of each water year to match the observed water 

level.  

  



 

 
Murray–Darling Basin Authority  The 2020 Basin Plan Evaluation, End of system evidence report            48 

Attachment 2: Salinity analysis 
approach  

Salinity in the Coorong 
Rationale: The ecology of the Coorong is largely shaped by the salinity gradient from the less saline 

North Lagoon to the hypersaline South Lagoon. For example, the distribution and abundance of two 

key species that are critical to food webs in the Coorong—ruppia (Ruppia tuberosa) and small-

mouthed hardyhead (Atherinosoma microstoma) in the South Lagoon—are influenced by salinity. 

Salinity in the Coorong is largely influenced by freshwater inflows through: 

• the barrages 

• movement of seawater through the Murray Mouth 

• freshwater flows via Salt Creek 

• the constriction of water movement along the Coorong  

• evaporation.  

Indicator: Salinity in the South Lagoon of the Coorong 

Target (as per BWS): Salinity in the Coorong’s South Lagoon is less than 100 g/L 95% of the time—

noting that a salinity target for the North Lagoon is not prescribed in the Basin Plan or BWS 

Baseline condition: Salinity (seven-day rolling average) in the South Lagoon of the Coorong pre-Basin 

Plan (2009 to 2012) 

Condition analysis: Salinity in the Coorong was measured at two sites in the South Lagoon of the 

Coorong (Coorong near Woods Well and Coorong Northwest Snipe Island). The salinity levels are 

graphed seven-day rolling averages from July 2009 to June 2019 

Basin Plan contribution analysis: Modelled salinity concentrations in the North and South lagoons of 

the Coorong, with and without environmental water (Stewardson & Guarino 2020) 

Salinity in the Lower Lakes 
Rationale: Salinity in the Lower Lakes influences ecological character, including the types of habitats 

and species present (Lester et al. 2011). A target of less than 1,500 electrical conductivity (EC) was 

developed, based on the salinity tolerances of key species and communities. Periods of salinity above 

1,500 EC are predicted to result in the decline in condition of the system and, ultimately, the loss of 

biodiversity. 

Indicator: Salinity in Lake Alexandrina 

Target (as per BWS): Salinity in Lake Alexandrina is less than 1,000 EC 95% of the time and less than 

1,500 EC all of the time 

Baseline condition: Salinity pre-Basin Plan (2009 to 2012) 
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Condition analysis: Salinity levels at six gauges (A4260524, A4260574, A4260575, A4261133, 

A4261158, A4261156) across Lake Alexandrina were averaged to ensure the salinity levels were 

representative of the entire lake. The salinity levels are graphed seven-day rolling averages from July 

2009 to June 2019 to illustrate the changes pre- and post-Basin Plan. 

Basin Plan contribution analysis: Inferred from modelled inflow contributions of environmental 

water (Stewardson and Guarino 2020). 
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Attachment 3: Ecology analysis 
approach  

Estuarine fish species 
Rationale: The Coorong, Lower Lakes and Murray Mouth supports a diversity and an abundance of 

estuarine fish species. The estuarine fish community has a number of inherent and supporting values 

as:  

• an important aspect of biodiversity at the local and regional scale, representing the only 

estuarine fish community in the Basin 

• representing key elements of the food web and ecosystem function 

• supporting important recreational and commercial fisheries 

• representing important cultural values for the Ngarrindjeri people. 

Freshwater inflows are important for maintaining estuarine fish communities. Temporal and spatial 

variability in flow and salinity are key drivers of functions such as spawning, recruitment and 

population structure.  

Indicator: Abundance of key estuarine prey species, including sandy sprat (Hyperlophus vittatus) and 

small-mouth hardyhead (Atherinosoma microstoma); distribution and age structure of black bream 

(Acanthopagrus butcheri) and greenback flounder (Rhombosolea taperina); population structure of 

mulloway (Argyrosomus japonicus) 

Target: Basin-wide strategy (MDBA 2014) outcomes relevant to estuarine fish populations are: 

• maintenance of annual population abundance (CPUE) of key estuarine prey species (sandy 

sprat and small-mouthed hardyhead) throughout the Coorong 

• detection of a broad spatial distribution of black bream and greenback flounder, with adult 

black bream and all life stages of greenback flounder present across more than 50% of the 

Coorong in eight out of ten years 

• improved population structure of mulloway, including spawning aggregations at the Murray 

Mouth in six out of ten years and recruitment in at least five out of ten years. 

Baseline condition: Populations of estuarine fish prior to the implementation of the Basin Plan (2009 

to 2012) 

Data source: Fish monitoring reports, including: 

• Fishery statistics and performance indicators for the South Australian Lakes and Coorong 

Fishery (Earl 2019) 

• Fish assemblage structure, movement and recruitment in the Coorong and Lower Lakes in 

2018–19 (Bice et al. 2019) 

• Coorong fish condition monitoring 2018–19 (Ye at al. 2018). 
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Condition analysis: Calculation of abundance (CPUE) for sandy sprat and small-mouthed hardyhead; 

spatial distribution of life stages of black bream, greenback flounder and mulloway 

Threatened fish species in the Lower Lakes 
Rationale: The Lower Lakes historically supported three small-bodied threatened fish species: 

• Murray hardyhead (Craterocephalus fluviatilis)—critically endangered in South Australia and 

endangered under the International Union for the Conservation of Nature’s (IUCN) Red List 

of Threatened Species 

• Yarra pygmy perch (Nannoperca obscura)—vulnerable under the Environment Protection and 

Biodiversity Conservation Act 1999 (EPBC Act) and IUCN Red List, and critically endangered in 

South Australia 

• Southern pygmy perch (N. australis)—endangered in South Australia. 

As listed threatened species, there are obligations to protect and conserve these three small-bodied, 

short-lived native fish. Their distribution and abundance in the Lower Lakes is closely linked to 

freshwater inflows and the effect of those flows on salinity and physical habitat.  

Indicator: Relative abundance of Murray hardyhead, Yarra pygmy perch and southern pygmy perch  

Target: The BWS (2014) outcome is ‘restored distribution and abundance to pre-2007 (Millennium 

Drought) levels’. This has been assessed against the targets provided by the Condition Monitoring 

Plan (Department of Environment, Water and Natural Resources 2017), which are to:  

• maintain or improve abundances of Murray hardyhead and pygmy perches so that relative 

abundance index values of greater than 0.7 are achieved on an annual basis 

• achieve a young-of-the-year (fish in their first year of life) index greater than 0.5 for Murray 

hardyhead and greater than 0.3 for pygmy perches. 

Baseline condition: Populations of threatened fish prior to the implementation of the Basin Plan 

(2009 to 2012) 

 

Data source: Fish monitoring reports (Bice et al. 2008, Wedderburn and Barnes 2013, 2014, 2016, 

2017, 2018, 2019) 

 

Condition analysis: Two condition indicators are calculated as follows: 

• The relative abundance index assesses the extent of a threatened fish population in relation 

to the 2003 baseline condition when healthy fish populations occurred before the impacts of 

the Millennium Drought.  

• The young-of-the-year index calculates the proportion of the annual population that is 

young-of-the-year.  

For this evaluation, the calculated indices have been compared pre- and post-Basin Plan. 
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Fish diversity 
Rationale: The Coorong and Lower Lakes support a diversity of native fish, which has been identified 

as one of the critical components of the ecological character of the Coorong and Lakes Alexandrina 

and Albert Wetland Ramsar site. The diversity of fish reflects the diversity of habitat and is strongly 

linked to freshwater inflows and the effect this has on salinity, habitats and connectivity. The 

diversity of fish supports a number of values including food webs, commercial and recreational 

fisheries, and Traditional Owner values. 

Indicator: Number of fish species in the Coorong and Lower Lakes in each of four broad functional 

guilds: freshwater, diadromous, estuarine and marine (Bice et al. 2019a)  

Target: The BWS outcomes related to fish diversity are: no loss of native fish currently in the Basin 

and detection of all estuarine-dependent fish families throughout 2014 to 2024. These are difficult to 

assess against as there is no indication of the baseline of number of species or families against which 

to evaluate conditions before and after implementation of the Basin Plan. As a consequence, this 

question can only be answered with respect to change in species and communities, not against a 

quantitative target. 

Baseline condition: Species richness of native fish prior to the implementation of the Basin Plan 

(2006 to 2012) 

Data source: Information as reported in fish monitoring reports, including:  

• Fish assemblage structure, movement and recruitment in the Coorong and Lower Lakes (Bice 

et al. 2016, 2017, 2018, 2019a) 

• Condition monitoring of threatened species populations in Lake Alexandrina and Lake Albert 

(Wedderburn and Barnes 2016, 2017, 2018, 2019). 

Condition analysis: A qualitative evaluation of the number of species in each defined functional guild 

before and after Basin Plan implementation. 

Ruppia in the Coorong 
Rationale: Ruppia (Ruppia tuberosa) is a keystone species in the Coorong and an indicator of the 

health of the system. It is a food source for waterfowl and provides food and habitat for 

invertebrates, migratory shorebirds and fish, such as small-mouthed hardyhead. 

Indicator: Ruppia extent and seedbank in the South Lagoon of the Coorong 

Target: BWS (2014) outcomes: 

• Ruppia occurs in at least 80% of sites across at least a 50 km extent in the South Lagoon of 

the Coorong by 2019.  

• The seedbank is sufficient for the population to be resilient to major disturbances (i.e. 10,000 

seed/m2) within the core bed of Ruppia tuberosa by 2029. 

Baseline condition: Extent and seedbank of ruppia prior to the implementation of the Basin Plan 

(2007 to 2012) 
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Data source: Monitoring of Ruppia tuberosa in the southern Coorong (Paton et al. 2018, 2019) 

 

Condition analysis: Area of occurrence of ruppia in the southern Coorong and the average number of 

seeds of ruppia per square metre. 

Migratory shorebirds in the Coorong 
Rationale: The Coorong is the most important wetland site in the Murray–Darling Basin for 

waterbirds in terms of abundance, diversity and breeding metrics. Additionally, it is the main wetland 

for migratory shorebirds and maintaining numbers at the Coorong helps to ensure resilience in global 

migratory shorebird populations. Waterbird species prefer different habitats for feeding and resting, 

and roosting and breeding, and must move between them to survive, reproduce and breed. Thus, a 

mosaic of adequate wetland habitats is a prerequisite for a sustainable waterbird population. 

Indicator: Abundance of four indicator species in the Coorong: curlew sandpiper (Calidris ferruginea), 

common greenshank (Tringa nebularia), red-necked stint (Calidris ruficollis) and sharp-tailed 

sandpiper (Calidris acuminata) 

Target: At a minimum, maintain populations of the following four key species at levels recorded 

between 2000 and 2014: curlew sandpiper, greenshank, red-necked stint and sharp-tailed sandpiper 

(BWS 2014). 

Baseline condition: The baseline for migratory shorebirds is based on the average abundance from 

ground surveys that have taken place at the Coorong from 2000–2014. 

Data source: Adelaide University annual Coorong waterbird census 

Condition analysis: Annual abundance of four key species of migratory shorebirds from 2000 - 2014 

and 2012 – 2019 were compared using t-tests. 

Waterbirds in the lower lakes 
Rationale: The Coorong and Lower Lakes are recognised as a wetland of international importance in 

part due to the waterbird diversity and abundance they support. While both the Coorong and the 

Lower Lakes support large numbers of waterbirds, the species and communities differ.  

The Lower Lakes support significant numbers of: 

• herbivores such as black swans (Cygnus atratus) and a variety of ducks 

• piscivourous (fish eating) birds, such as great cormorants (Phalacrocorax carbo), pied 

cormorants (Phalacrocorax varius) and whiskered terns (Chlidonias hybrida) 

• large-bodied waders, such as royal spoonbills (Platalea regia), Australian white ibis 

(Threskiornis moluccus) and straw-necked ibis (Threskiornis spinicollis).  

In addition, the Lower Lakes provide habitat for a variety of cryptic crakes and rails, including the 

EPBC Act listed Australasian bittern (Botaurus poiciloptilus) (O’Connor and Rogers 2014). 
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Indicator: Species richness and total abundance of waterbirds in the Lower Lakes, in functional 

feeding groups: Australian shorebirds, migratory shorebirds, Large bodied waders, ducks, piscivores 

and other (reed inhabiting birds and wetland dependent raptors). 

Target: BWS (2014) outcomes: 

• the number and type of waterbird species present in the Basin not falling below current 

observations 

• a significant improvement in waterbird populations in the order of 20 to 25% over the 

baseline scenario, with increases in all waterbird functional groups by 2024. 

These targets are not specific to the Lower Lakes, but are Basin wide. 

Baseline condition: The baseline for Lower Lakes waterbirds is based on the average abundance 

from ground surveys which have taken place in the Lower Lakes from 2009 to 2012. 

 

Data source: Adelaide University annual Coorong waterbird census 

 

Condition analysis: Total abundance and species richness within functional groups for pre-Basin Plan 

2009-2011 compared with post Basin Plan Basin Plan 2012 – 2019. 
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