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River connections evidence report 
This evidence report provides an overview of the information that will be used to evaluate the 

effectiveness of the 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 in the 

southern Basin through the management of environmental water allocations to achieve hydrological 

connectivity. 

The evaluation process uses the evidence to develop findings concerning the contribution of the 

Basin Plan to the achievement of a healthy working Basin and the 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 Summary theory of change for the southern Basin connectivity theme 

A more detailed program logic is provided at Figure 2. 

Key theme findings 
• Environmental water has contributed to a very small number of overbank flows since the 

implementation of the Basin Plan. The majority of environmental water leading to wetland 

and floodplain inundation has been delivered through regulators and infrastructure rather 

than through overbank flows. This is largely due to constraints on water delivery that limit 

the delivery of flows over riverbanks onto the floodplain. 

• There is some evidence that fish are benefiting when environmental water inundates 

wetlands. Improved monitoring is needed to understand changes in population of fish in 

wetlands at the Basin scale. 

• The condition of native treed floodplain vegetation communities has largely been maintained 

since the implementation of the Basin Plan. Many of these communities were in poor 

condition following the Millennium Drought and are yet to show significant signs of recovery. 

• The waterbirds of the Basin have been maintained since the implementation of the Basin 

Plan, despite continued dry conditions. Large colonial nesting waterbird breeding events 

coincide with natural flood events at local or landscape scales. There have also been smaller 

scale colonial breeding events each year post- Basin Plan, many supported by environmental 

water. 
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• Populations of waterbirds in the Basin have declined since peaks in the 1980s. However, over 

shorter time spans, the diversity and abundance of waterbirds have been maintained. Post- 

Millennium Drought there have been increases in both abundance and diversity at several 

important wetland sites post Millennium Drought that have been maintained through recent 

dry years. 
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Figure 2 River connections program logic



 

 
Murray–Darling Basin Authority  The 2020 Basin Plan Evaluation, River connections evidence report           0 

Executive summary 
Lateral connectivity is the process involved with hydrologically and ecologically connecting rivers 

with wetlands and floodplains. Connectivity is important for many ecosystem processes including 

nutrient and carbon cycling as well as the movement and dispersal of biota. Under natural conditions 

floodplains and floodplain wetlands become connected to the river when water flows over banks and 

out of river channels in moderate to large flood events. 

River regulation has altered the frequency and extent of lateral connectivity across much of the 

Basin. While there are some river systems—largely in the unregulated northern Basin—that have 

retained lateral connectivity, in many systems connectivity has been reduced by a lower incidence of 

overbank flows. Moderate floods have been retained in dams, and levees on floodplains preventing 

the spread of floodwaters. Flows in regulated river systems are almost always within the river 

channel and connections with wetlands are often limited to flow through constructed channels, 

regulators and by pumping. 

The Basin Plan aims to restore key features of the flow regime, particularly the moderate flood 

events that play an important role in floodplain and wetland health. This is achieved by removing 

constraints to water reaching the floodplain and by delivering environmental water onto floodplains 

to maintain and restore floodplain ecosystems. 

Since 2013–14 a total of 436 GL of environmental water has been delivered in the Basin in 

28 separate watering actions for the primary purpose of lateral connectivity. Environmental water 

has been delivered to six of the seven indicator wetlands and Commonwealth environmental water 

supported 288,513 hectares of lakes, wetlands and floodplain ecosystems. The lack of progress to 

date in removing constraints has limited the contribution of the Basin Plan to floodplain and wetland 

outcomes. 

Since 2012, environmental water (including water from States, The Living Murray and 

Commonwealth Environmental Water Holder) has been used to inundate many of the wetlands that 

are known to support waterbirds and the majority of Ramsar sites in the Basin. This included 103,787 

hectares of river red gum forest or woodland, 12,283 black box woodland and 5,470 hectares of 

coolibah woodland. This represents only 10% of the river red gum forests and woodlands, 1.3% of 

black box woodlands and 0.4% of coolibah woodlands. 

At small scales, the delivery of environmental water has helped to mitigate the impacts of dry 

conditions by providing refuge in an otherwise dry landscape. At locations where the delivery of 

environmental water delivery has been significant and sustained, primarily through the use of 

regulators to flood wetlands, there are encouraging signs of improvement. For example, at some of 

the River Murray’s icon sites, which have been receiving increasing volumes of water since 2007, key 

indicators are stable or improving. Waterbird abundance and diversity at these sites has been 

maintained or improved in recent years. Similarly, river red gum communities remain largely in 

average to good condition. The tree communities (black box and coolibah) that sit higher on the 

floodplain have remained largely in a degraded state, with environmental water under current 

constraints largely unable to reach these communities. 
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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 

• fish 

• vegetation 

• waterbirds. 

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 used in the evaluation was to develop evidence relating to 

the 12 different themes that are shown in Figure 3. Once the findings had been completed, the 

information was drawn together in an overarching evaluation report that addresses the key 

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

inform ongoing improvement of the Basin Plan and to support the 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 the evidence on the effectiveness of the Basin Plan in achieving outcomes 

relating to lateral connectivity and environmental outcomes. This is one of four reports that address 

hydrology and environmental outcomes. The report gives some context around floodplains and 

wetlands in the Murray–Darling Basin and then presents the evaluation findings. Given the 

complexity of analysis used in parts of the hydrology and environmental outcomes reports, specific 

details on the data and analysis methods are presented in attachments to the reports. 

Evaluation approach 

The Basin Plan requires that the MDBA’s evaluation reports on the achievement of environmental 

outcomes at the Basin Scale. Basin states are required to report on the achievement of environmental 

water at an asset scale. The reporting timeline for these two requirements is parallel. Given the 

different reporting scale and the time requirements, this report focusses on Basin scale information 

(although some small-scale examples are provided). More detailed asset scale reports provided by 

States will be made available on the MDBA website early in 2021. 

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 being collected for a range of purposes, using varying methods, and at a range of 

spatial and temporal scales. As a result, the information available to assess the environmental 

outcomes of the Basin Plan varies depending on the indicator being assessed. This means that the 

approach to assessing the individual indictors, and the confidence in the assessment, varies 

depending on the information available.  

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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The Basin Plan Evaluation addresses questions relating to changes in the condition of the indicators 

pre and post Basin Plan. This allows us to understand if we are progressing towards the objectives set 

in the Plan, and in many cases 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 the indicators. 

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

Trend analysis against the pre-Basin Plan baseline. This approach assesses 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.  

Collation of multiple lines of evidence. Evidence for assessing how the Basin Plan has contributed to 

changes in the condition of indicators largely comes from intervention monitoring programs that 

assess the impacts of environmental water at local and regional scales across the Basin. There are 

also lines of evidence relating to the delivery of flows and from research programs. These lines of 

evidence are drawn together to provide a narrative on the contribution of the Basin Plan. 

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

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

more of the following: 

Presentation of preliminary lines of evidence. Lines of evidence from monitoring programs are 

provided to provide a narrative on the indicator where the lines of evidence are not considered 

enough to make an assessment  

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

intervention. 

Forward opportunities statement. This provides a reflection on the current knowledge relating to 

the indicator and addresses opportunities for assessment in the 2025 Evaluation. 

Background 
Lateral connectivity is the process involved with hydrologically and ecologically connecting rivers 

with wetlands and floodplains. Connectivity is important for many ecosystem processes including 

nutrient and carbon cycling as well as the movement and dispersal of biota. Under natural conditions 

floodplains and floodplain wetlands become connected to the river when water flows over banks out 

of river channels in moderate to large flood events. River regulation has altered the frequency and 

extent of lateral connectivity across much of the Basin. While there are some river systems, largely in 

the unregulated northern Basin, that have retained lateral connectivity, in many systems connectivity 

has been reduced by a lower incidence of overbank flows. Moderate floods have been retained in 

dams and levees on floodplains preventing the spread of floodwaters. Flows in regulated river 

systems are almost always within the river channel and connections with wetlands are often limited 

to flow through constructed channels, regulators and by pumping. 
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Over the five- year period, 2014 to 2019, Commonwealth environmental water supported around 

289,000 hectares of lakes, wetlands and floodplains in the Basin (Brooks 2020). This included around 

104,000 hectares of river red gum forest or woodland, 12,000 black box woodland and 

5,500 hectares of coolibah woodland. This may sound like a substantive contribution, but when put 

in the context of the extent of these communities in the Basin, it accounts for 10% of the river red 

gum forests and woodlands, 1.3% of black box woodlands and 0.4% of coolibah woodlands (data 

from Brooks 2020; Figure 4). These figures do not include environmental watering events delivered 

through other water holders, which comprised a small number of actions to inundate Gunbower 

Forest, Koondrook–Perricoota Forest and Chowilla floodplains. 

 

Figure 4 Spatial extent of the Basin-wide watering strategy managed floodplain compared to the extent of mapped wetland 
and floodplain ecosystem types (Brooks 2020) 

In addition, there are only a small number of catchments in the Basin, including the Murray, 

Macquarie and Murrumbidgee, where environmental water was delivered to floodplain and wetland 

tree- dominated vegetation communities, including the Murray, Macquarie and Murrumbidgee. 

Environmental water has not been delivered to wetland or floodplain communities across many 
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catchments. Over the five years from 2014 to 2019, there was no substantive inundation with 

environmental water out of river channels in the Campaspe, Goulburn–-Broken, Loddon, Lower 

Darling, Namoi, Ovens or Wimmera–-Mallee catchments (Brooks 2020). 

The reasons for this are complex and related not only to water availability, but also to constraints to 

delivering water to floodplain ecosystems. The current best estimate of the area of the Basin that is 

in scope for environmental water management is the Basin-wide environmental watering strategy 

(BWS) managed floodplain (MDBA 2019). The managed floodplain is the area where vegetation can 

be influenced by environmental water under the Basin Plan and it includes: 

• both actively managed areas that can receive environmental water via large headwater 

storages or via sites that have infrastructure to assist inundation such as regulators 

connecting rivers and wetlands, and 

• passively managed areas that receive environmental water via flow rules in water resource 

plans or via natural events.  

While 40% of wetlands occur within the managed floodplain of the Basin, only 28% of floodplain 

ecosystems occur within this area. This leaves large areas of wetland and floodplain that can only 

receive water through natural inundation events. 

Since the implementation of the Basin Plan in 2012, conditions across the Basin have largely been 

very dry and with often the lowest annual rainfall on record (Figure 5). The exception to this was 

2016 to 2017–17, when conditions were average across most of the northern Basin and above 

average in the southern Basin. In many respects the climatic patterns for much of the seven years 

since 2012 have been similar to the conditions experienced during the Millennium Drought. The 

Millennium Drought saw significant declines in river flows and alterations to water regimes 

(Heberger 2012; Leblanc et al. 2012). 
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Figure 5 Annual rainfall conditions since 2012 (Bureau of Meteorology) 

Non-Basin Plan influences and drivers 
The health of rivers and floodplains of the Murray–Darling Basin relies on a healthy flow regime and 

good water quality, which in turn support the water-dependent ecology of the system (for example, 

birds, fish, vegetation etc.). Water for the environment, provided by the Basin Plan, is expected to 

provide tangible benefits for the environment by restoring flow regimes that support ecosystem 

functions. While the Basin Plan can support the flows and water quality of the Basin system, there 

are other factors that influence ecology outcomes. These include: 

• climate 

• weather 

• historical removal of structural habitat 

• obstruction of passage by weirs and dams 

• clearing of vegetation 

• grazing 

• invasive fish and bird species. 

One of the biggest factors influencing the environmental condition of the Basin is the climate (long 

term) and the weather (shorter term). The climate of the Basin is highly variable and extreme 

weather events (such as prolonged drought and floods) have a significant on the Basin’s 

2012–-2016 2016–-2017 

2017–-2019 
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environmental condition. Climatic conditions also significantly influence environmental outcomes as 

they play a critical role in determining the level of environmental water available within a season and 

the types of outcomes that may be targeted in any given year.  

Ecological outcomes are also affected by things that occur instream and within the broader 

catchment. The historical removal of structural habitat in rivers and obstruction of passage by weirs 

and dams are a well-documented threat to native fish populations. Vegetation clearing along rivers 

has had an impact on waterbird populations and water quality that has affected instream ecology. In 

some cases, riparian vegetation is damaged by grazing from either invasive or domestic animals. 

Invasive species have affected native fish and birds through increased competition and predation.  

The condition and cover of understorey vegetation communities in areas outside of targeted 

environmental water management have declined rapidly. These areas have also exhibited increased 

cover of weed species and a more muted response to natural flooding, driven by stress from non--

flow factors such as grazing from carp, waterbirds, kangaroos and pigs. Where the community 

composition of wetland plants has not been maintained with environmental water management, 

flood response has been dominated by increased cover of weed species and encroachment of River 

red gum. Conversely, areas that have been maintained with environmental water have maintained 

community composition and responded well to natural flooding events. 
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Hydrology 
A detailed description of the approach to the analysis is provided in Attachment 1: Hydrology analysis 

approach. 

Background and summary findings 
Trends in lateral connectivity across the Basin have been mixed since the implementation of the 

Basin Plan. There have been improvements in some sites, particularly where environmental water is 

used to connect floodplain wetlands through channels and constructed regulators and pumps. 

Large--scale lateral connectivity is typically generated by unregulated flood events. This is challenging 

to assess due to the short sample period, dry conditions and infrequency of such events, however, 

there is little evidence to suggest that in the prevailing dry climate the BWS targets for increased 

lateral connectivity by 2024 will be achieved. 

Evaluation assessment 
Table 1 Evaluation assessment against key indicators 

Indicator Condition assessment Assessment of contribution of the Basin Plan 

Overbank flows Trends in overbank 
flows have been 
variable 

The Basin Plan has made minimal contribution 
and only where water can be delivered to the 
floodplain or wetland through channels or 
regulators. 

Flows to terminal 
wetlands 

Flows to terminal 
wetlands have been 
maintained 

The Basin Plan has made a significant 
contribution to maintaining flows to terminal 
wetlands. 

Basin Plan objectives for hydrology 
The Basin Plan establishes a target for hydrology of ‘no loss of or degradation in flow regimes’ to be 

achieved by June 2019. The BWS provides the following expected outcomes by 2024 for hydrology 

(related to lateral connectivity): 

1. a 30% to 60% increase in the frequency of freshes, bank-full and lowland floodplain flows in 

the Murray, Murrumbidgee, Goulburn–Broken and Condamine–Balonne catchments 

2. a 10% to 20% increase of freshes and bank-full events in the Border Rivers, Gwydir, Namoi, 

Macquarie–Castlereagh, Barwon–Darling, Lachlan, Campaspe, Loddon and Wimmera 

catchments 

3. current levels of connectivity maintained in the Paroo, Moonie, Nebine, Kiewa, Ovens and 

Warrego catchments. 
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How have we assessed hydrology? 
Table 2 Methodology for assessing hydrology. EO= expected outcome from the list above  

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

contribution of the Basin 
Plan 

1, 3 Overbank flows Trend analysis against 
pre-Basin Plan baseline 
 

Lines of evidence collated 
from intervention 
monitoring programs 

Attachment 1 

3 Flows to terminal 
wetlands 

Trend analysis against 
pre-Basin Plan baseline 
 

Lines of evidence collated 
from intervention 
monitoring programs 

Condition of hydrology 
The condition of hydrology was assessed using two indicators: overbank flows that are critical to 

wetland and floodplain health and flows to terminal wetlands that occur at the bottom of a river 

catchment and into which all surface water from that catchment flows. 

Overbank flows 
Overbank flows, that move out of river channels and onto the floodplain are vital to river, wetland 

and floodplain ecosystems. They allow for the movement of sediment, nutrients, carbon and biota 

between ecosystems. Leaf litter and woody debris on floodplain surfaces can be mobilised and 

stimulate productivity. Seeds, propagules (fragments of plants capable of developing into an adult 

plant) and biota can disperse within and between ecosystems and a mosaic of habitats is created for 

a variety of fauna including fish, frogs and waterbirds. Riparian and floodplain vegetation can be 

inundated, and reproductive processes stimulated. Large-scale events that inundate the higher 

floodplain occur only during very wet years and cannot be actively managed with water recovered 

under the Basin Plan. However, lower areas of the floodplain can be inundated with environmental 

water. 

How have the characteristics of overbank flows in the Basin changed since 
implementation of the Basin Plan? 

The occurrence of overbank flows is influenced by both flow and geomorphology. Overbank flows 

before regulation are absent in only the driest years at some sights such as Gunbower and Barmah, 

while at other overbank flows occur only during wet climatic years (Baldwin et al. 2013). The 

continued dry conditions post- Basin Plan have therefore limited the number of overbank flows 

across much of the Basin. In general, overbank flows post- Basin Plan have occurred for similar 

durations pre- and post- Basin Plan in both the southern and northern Basin ( 
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Figure 6 and Figure 7). However, there are not enough data points to assess whether the relationship 

between inflows and overbank flows has been maintained since the implementation of the Basin 

Plan.  

 

Figure 6 Overbank flows from southern Basin sites: Murray River downstream of Yarrawonga (left), threshold = 
10,600 ML/day and Murrumbidgee River at Narrandera (right), threshold = 27,000 ML/day. Blue box plots represent the 
range in the duration of overbank flow events pre-Basin Plan; post-Basin Plan flow events are presented by the black dots 

 

Figure 7 Overbank flows from northern Basin sites: Darling River at Bourke (left), threshold = 40,000 ML/day) and Namoi 
River at Bugilbone (right), threshold = 6,700 ML/d). Blue box plots represent the range in the duration of overbank flow 
events pre-Basin Plan; post-Basin Plan flow events are presented by the black dots 

The Murray River downstream of Yarrawonga is one location where overbank flows occur more 

frequently, where constrictions in the river at the Barmah Choke lead to overbank flows at relatively 

low flow levels. There are overbank flows in this reach in all climatic conditions, with again very little 

evidence of changes in duration of these events post- Basin Plan ( 

Figure 6).  

There is very little evidence of improvement to overbank flows in any catchments since Basin Plan 

implementation. Physical and operational constraints are likely limiting the ability for environmental 

water holders to inundate floodplains. 

Flows to terminal wetlands  
Terminal wetlands are defined as wetlands that occur at the bottom of a river catchment and into 

which all surface water from that catchment flows.  
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They often act as the end point for river flows, but if there is sufficient water they may fill and spill 

water into adjacent catchments. Once inundated, the wetlands become important habitats for a 

range of water-dependent animals. Most of the Basin’s terminal wetlands are found in dry regions. 

When they are inundated with river water, they become an oasis, providing an energy boost and 

habitat for an otherwise parched landscape. 

How have the characteristics of flows to terminal wetlands in the Basin 
changed since implementation of the Basin Plan? 

Flows to terminal wetlands have largely been maintained when compared to baseline results. 

Six large terminal wetland systems were selected to evaluate the condition of this indicator: Narran 

Lakes, Gwydir Wetlands, Macquarie Marshes, Booligal Wetlands, Lower Murrumbidgee Wetlands 

and Wimmera River Terminal Wetlands (Table 3). Three out of the seven sites were found to have no 

degradation from baseline (Booligal Wetlands, Narran Lakes, and Wimmera River Terminal 

Wetlands). The three remaining sites (Gwydir wetlands, Macquarie Marshes, and Lower 

Murrumbidgee Wetlands) were found to have improved (Table 3 and Figure 8). 

It is important to note that this is a measure of the flows reaching a particular point in the river 

upstream of the wetlands, as an indicator of the total volume entering the wetlands. There may be 

other processes, however, that limit the volume of water that enters or stays in the wetlands after 

this point. The comparison shows that given the dry climate in post- Basin Plan years, the volume of 

flows entering the wetlands are consistent with what was expected under those same climate 

conditions for pre-Basin Plan years. With multiple dry years in a row and limited flows entering the 

wetlands, there are likely to be consequences to ecological processes that rely on wetland filling. 

Further decline would also be expected if there are no signs of improvements compared to the 

baseline results. 

Table 3 Changes in the relationship between catchment inflows and flows to terminal wetlands post-Basin Plan 

Catchment  Site  Flows to terminal wetlands 

Condamine–-Balonne Narran Lakes Maintained 

Gwydir Gwydir Wetlands Increased 

Macquarie Castlereagh Macquarie Marshes Increased 

Lachlan Booligal Wetlands Maintained 

Murrumbidgee Lower Murrumbidgee Wetlands Increased 

Wimmera Wimmera River Terminal Wetlands Maintained 
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Figure 8 Macquarie catchment inflows against flow to the Macquarie Marshes 

Contribution of the Basin Plan to hydrology 
Since 2013–14, a total of 436 GL of environmental water (including water from States, TLM and 

CEWO) has been delivered to Basin wetlands and floodplains in 28 separate watering actions with 

lateral connectivity as the primary purpose (Table 4). 

Table 4 Volume of environmental water delivered with lateral connectivity as the primary purpose 

Water year Volume of water delivered with lateral 
connectivity as primary purpose 

2013–14 46,207 

2014–15 206,151 

2015–16 45,689 

2016–17 50,216 

2017–18 5,939 

2018–19 81,759 

Total 435,961 
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Overbank flows 

How has the delivery and protection of environmental water contributed to 
overbank flows? 

Environmental water has contributed to a very small number of overbank flows since the 

implementation of the Basin Plan. The majority of environmental water leading to wetland and 

floodplain inundation has been delivered through regulators and infrastructure rather than through 

overbank flows. This is largely due to constraints on water delivery that limit the delivery of flows 

over riverbanks onto the floodplain.  

Flows to terminal wetlands 

How has the recovery, delivery and protection of environmental water 
contributed to flows to terminal wetlands? 

Environmental water has been delivered to six of the seven indicator wetlands since the 

implementation of the Basin Plan. Environmental water has been delivered to these wetlands over 

multiple years and has contributed significantly to maintaining these ecosystems in what would 

otherwise have been a prolonged dry period (Hale et al. 2020). The degree to which environmental 

water has contributed to flows to terminal wetlands varies between the six systems. At the 

Macquarie Marshes, for example, environmental water has been delivered every year post-Basin 

Plan and often to inundate a significant proportion of the wetland system (Figure 9). At Narran Lakes, 

environmental water has been delivered in very small amounts, inundating only a tiny portion of the 

system (Figure 10). 

Environmental water has not been delivered to the Wimmera River Terminal Wetlands, which have 

achieved maintenance of outcomes. These wetlands have been dry for many years: Lake Hindmarsh 

has received water only during very high rainfall years and Lake Albacutya has been largely dry for 

several decades. Therefore, while conditions are similar post- Basin Plan to pre- Basin Plan there has 

been no improvement in water regimes in these wetlands. 
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Figure 9 Environmental water contribution to inundation at the Macquarie Marshes 2014–15 to 2018–19 (Hale et al. 2020). 
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Figure 10 Environmental water contribution to inundation at Narran Lakes 2014–15 to 2018–19 (Hale et al. 2020) 
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Native fish  

Background and summary findings  
In contrast to many of the world’s river basins that support wetland specialist fish all species of fish 

recorded in wetlands in the Murray–Darling Basin are also found in channel habitats. This reflects the 

temporary nature of wetland ecosystems in the MDB, where fish need to move into rivers as 

floodplain wetlands dry (Humphries et al. 1999). However, there are some species that depend much 

more heavily on wetlands to complete their life cycle than others. The Murray hardyhead and purple 

spotted gudgeon are examples of species that are highly dependent on wetland habitats, using the 

main river channel for refuge during drought.  

Wetlands are important for recruitment of some native fish species, with high productivity following 

inundation of floodplain wetlands providing the necessary resources for growth of larval and juvenile 

fish. Vegetated wetland habitats also provide cover for juvenile fish giving them some level of 

protection from predation in wetlands (Beesley et al. 2010). 

The Murray–-Darling Basin Fish Survey does not survey wetlands so there is insufficient data to 

assess wetland fish indicators at the Basin scale. Monitoring at The Living Murray icon sites suggests 

that there have been some improvements in populations of fish in wetlands where environmental 

water has been delivered. In the Hattah–Kulkyne lakes, environmental water has allowed the lakes to 

enable small numbers of fish to breed and then move back into the channel as water levels recede. 

Environmental water has been used to support the reintroduction of Murray hardyhead into specific 

wetlands. Targeted sampling of wetlands across the Basin is necessary to allow assessment of 

wetland fish populations in the 2025 evaluation. 

Evaluation assessment 
Table 5 Evaluation assessment of outcomes for native fish 

Indicator Condition assessment Assessment of contribution of the Basin Plan 

Recruitment of key fish 
species in wetlands 

Not assessed Not assessed: preliminary evidence presented 

Movement of key fish 
species in and out of 
wetlands 

Not assessed Not assessed: preliminary evidence presented 

Distribution and 
population structure of 
key wetland fish 
species 

Not assessed Not assessed: future opportunities statement 
provided 
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The Basin Plan objectives for native fish in wetlands 
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 broad expected 

outcomes by 2024 for native fish (relevant to lateral connectivity; Figure 11): 

1. no loss of native species currently present within the Basin  

2. improved population structure of key species through regular recruitment 

3. increased movement of key species 

4. expanded distribution of key species and populations. 

The target for no loss of species is addressed in the Southern Basin and Northern Basin evaluation 

reports.  

 

Figure 11 Timeline of expected fish responses 

How have we assessed native fish? 
Table 6 Approach to assessing outcomes for native fish. EO= expected outcome from the list above 

EO Indictor Analysis method Location of 
data and 
analysis 
details 

Condition 
assessment 

Assessment of the 
contribution of the Basin Plan 

2 Recruitment of key fish 
species in wetlands 

Not 
assessed 

Not assessed: preliminary 
evidence presented 

N/A 

3 Movement of key fish species 
in and out of wetlands 

Not 
assessed 

Not assessed: preliminary 
evidence presented 

1, 4 Distribution of key wetland 
species in wetlands 

Not 
assessed 

Not assessed: future 
opportunities statement 
provided 
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Assessment of native fish in wetlands emerged as a significant information gap in the evaluation 

which meant that only case studies could be considered. The MDBA acknowledge that there are 

additional research and monitoring data sets at the asset scale held by State agencies, non-

government organisations, universities and consultants. However, challenges in getting access, 

integrating and analysing these data precluded their use in the 2020 Basin scale evaluation. 

Contribution of the Basin Plan to native fish in wetlands 
Preliminary evidence and a case study are presented for the Basin Plan’s contribution to native fish in 

wetlands as their condition has not been assessed. 

Recruitment of key fish species in wetlands 
The preliminary evidence and case study on Murray hardyhead show there has been some success in 

recruiting key fish species in the Basin’s wetlands.  

Preliminary evidence 

The Living Murray Program has been monitoring fish populations at wetlands along the Murray River 

since 2007/08. The following findings have been presented in The Living Murray report cards. 

• Fish communities in Barmah–-Millewa have benefited from the use of environmental water 

to mimic a more natural winter flow through the forest. In 2019 successful spawning of a 

number of native species was detected as were improved numbers of Murray cod and silver 

perch.  

• In Koondrook–Perricoota forest there was no allocation of environmental water in 2018–19 

and native fish remain in poor condition. Invasive species appear to have hampered recovery 

in years when flows were delivered. 

• Flows delivered in Gunbower Creek are providing good conditions to support native fish and 

their recovery. Monitoring shows a stable Murray cod population in Gunbower Creek. A 

range of ages and sizes indicates that it is a robust and healthy fish population. 

• At Hattah Lakes, following natural floods in 2016 and the delivery of water for the 

environment in 2017–-18, Murray cod, silver perch and golden perch were all sampled in the 

•  lake system. Connectivity between the River Murray and the Lakes is allowing young fish to 

move to nursery habitats to feed and grow.  

• In 2018 the highest number of young Murray cod were recorded since monitoring began in 

2005. This is a great early sign of recovery and highlights the importance of Chowilla 

anabranch as habitat for this iconic fish species. 

A further example of the benefits of environmental water on fish recruitment comes from the mid-

Murrumbidgee. In 2017 water for the environment was provided to reconnect numerous wetlands in 

the mid-Murrumbidgee, a site that had been listed as a Basin-scale priority for several years. A 235GL 

event achieved a flow of 22,000 ML/d at Wagga for 6 days. The inundation of approximately 3,800Ha 

reconnected hundreds of wetlands between the Mid-Murrumbidgee and the Murray junction. 

Monitoring following on from the event revealed the presence of juvenile golden perch that likely 

spawned in response to the environmental water. 

https://www.mdba.gov.au/managing-water/water-for-environment/progress-outcomes


 

 
Murray–Darling Basin Authority  The 2020 Basin Plan Evaluation, River connections evidence report           19 

Long term fish monitoring data from surveys of the river channel have shown that the golden perch 

population in the southern basin is aging, (see southern basin connectivity theme of this evaluation). 

Preliminary evidence of golden perch recruitment following wetland and floodplain inundation 

highlights the need for improved lateral connectivity in maintaining some of native fish populations.  

Case study: Murray hardyhead 

The Murray hardyhead (Craterocephalus fluviatilis) is a small, short- lived (life expectancy less than< 

two years) native fish that is listed under the Environment Protection and Biodiversity Conservation 

Act 1999 (EPBC Act) as endangered. It is highly dependent upon the floodplains of the Murray and 

Murrumbidgee Rivers where it was once common (Whiterod et al. 2019). Murray hardyhead are 

recorded most often in wetlands with brackish salinity (greater than (>4000 µS/cm), although they 

have a wide salinity tolerance and are reliant on macrophyte coverage of submerged saline plant 

species such as Ruppia (Ellis et al. 2014). 

The drying of wetlands during the Millennium Drought led to the loss of several known populations 

of Murray hardyhead, including at lakes Elizabeth, Woorinen North and Hawthorn in northern 

Victoria. A number of populations were maintained through the drought with active management 

and environmental water. Fish were collected from these populations for captive breeding as well as 

reintroduction into suitable habitat wetlands. 

Reintroduction and management with environmental water has largely been successful, but not 

without its problems. For example, environmental water delivered to Cardross Lakes in 2014–15 was 

followed by a population decline of the species. This was attributed to high freshwater inflows that 

lowered salinity and may have negatively impacted Murray hardyhead through: 

•  increased abundance of competing small-bodied fish species 

• a decline in the submerged plant Ruppia spp. which requires saline water and provides 

spawning habitat (Huntley 2017).  

Subsequent work has identified that the effect was not due to lower salinity effects on Murray 

hardyhead eggs (Stoessel et al. 2020). Attempts to reintroduce Murray hardyhead to Lake Albert in 

South Australia have also been largely unsuccessful (Whiterod et al. 2019). 

However, researchers and water managers have learned much about this small threatened fish 

species. There have been successes in reintroducing the species from both wild and captive breeding 

programs into several wetlands including Little Frenchman's Creek in South Australia and Lake 

Elizabeth in Victoria. These translocated populations are now self-sustaining with the aid of 

environmental water. 

Movement of key fish species in and out of wetlands  
The preliminary evidence shows that connectivity for native fish has been maintained at the Hattah–

Kulkyne Lakes. 
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Preliminary evidence 

The assessment of fish in the Hattah–Kulkyne Lakes concluded that environmental watering clearly 

allows the Hattah–Kulkyne Lakes to function as a ‘nursery environment’ for a range of species found 

within the southern Murray–Darling Basin (Brown et al. 2015). This includes silver perch, which is 

listed as critically endangered under the EPBC Act. 

Monitoring indicates that the lakes were the source of some species sampled, suggesting spawning in 

the lakes by golden perch (Macquaria ambigua), bony herring (Nematalosa erebi) and Australian 

smelt (Retropinna semoni). There is evidence that some species can move back into the river during a 

connecting flow. Golden perch, Murray cod and bony herring have been detected moving out of the 

lake system into the main river channel. In addition, fish remaining within the wetland system can 

contribute to food webs by providing food for fish-eating birds. 

Distribution of key species in wetlands 

Current monitoring programs are insufficient to develop an understanding of the changes in fish 

distribution in wetlands at the Basin scale. With improving technology, including eDNA and other 

genetic tracking tools, there are opportunities to develop a much more comprehensive 

understanding of native fish distribution for the 2025 Evaluation. This type of monitoring is also likely 

to overcome challenges with surveying small and cryptic species allowing for assessment of the 

distribution of all key native fish species. 
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Vegetation  
A detailed description of the approach to the analysis of vegetation data is provided in Attachment 2: 

Vegetation analysis approach. 

Background and summary findings 
Floodplain and wetland vegetation communities have intrinsic biodiversity values as well providing a 

range of ecosystem functions, services and human values. These include providing habitat, nutrient 

and carbon cycling and cultural values. Maintaining the condition of vegetation ensures that not only 

can it continue to provide those habitat values, but that vegetation communities are self-sustaining, 

able to complete reproductive functions and are resilient to short- term changes in environmental 

conditions. 

The condition of native tree floodplain vegetation communities has largely been maintained since 

the implementation of the Basin Plan. Many of these communities were in poor condition after the 

Millennium Drought and are yet to show significant signs of recovery. The proportion of river red 

gum communities in moderate or better condition is relatively high (greater than 80%). The 

proportion of black box and coolibah communities in moderate or better condition is more variable 

between catchments. It is much lower (ranging from 20% to -50% and 30% to -80 % respectively) 

than river red gum, and although this has been maintained post- Basin Plan, there have been few 

improvements. This is due largely to the prevailing dry condition and the inability to get 

environmental water to the higher parts of the floodplain where these communities occur. 

Evaluation assessment 
Table 7 Assessment parameters for riparian vegetation  

Indicator Condition assessment Assessment of contribution of 
the Basin Plan 

Condition of water- 
dependent vegetation 

Vegetation condition has been 
largely maintained at pre-Basin Plan 
levels; however, the condition varies 
between catchments.  

Environmental water delivered 
under the Basin Plan is 
supporting some positive 
outcomes. 

Basin Plan objectives for riparian vegetation 
Expected outcomes of the BWS for vegetation relevant to lateral connectivity can be broadly 

summarised as: 

1. Forests and woodlands: 

a. to maintain the current extent of forest and woodland vegetation 

b. no decline in the condition of river red gum, black box and coolibah across the Basin 

c. by 2024, improved condition of river red gum in the Lachlan, Murrumbidgee, Lower 

Darling, Murray, Goulburn–Broken and Wimmera–Avoca 
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d. by 2024, improved recruitment of trees within river red gum, black box and coolibah 

communities—in the long-term achieving a greater range of tree ages. (river red 

gum, black box and coolibah communities are presently comprised primarily of older 

trees which places them at risk.) 

2. Shrublands: 

a. to maintain the current extent of the large areas of lignum shrubland within the 

Basin 

b. by 2024, improvement in the condition of lignum shrublands. 

3. Non-woody vegetation:  

a. to maintain the current extent of non-woody vegetation 

b. by 2024, increased periods of growth for communities that: 

i. closely fringe or occur within the main river corridors 

ii. form extensive stands within wetlands and low-lying floodplains including 

Moira grasslands in the Barmah-Millewa Forest, common reed and cumbungi 

in the Great Cumbung Swamp and Macquarie Marshes, water couch on the 

floodplains of the Macquarie and Gwydir rivers and club-rush sedgelands in 

the Gwydir. 

How have we assessed vegetation? 
Table 8 Approach to assessing outcomes for riparian vegetation. EO= expected outcome from the list above 

EO Indicator Analysis method Location of data 
and analysis 
details Condition 

assessment 
Assessment of the 
contribution of the Basin 
Plan 

1b 
1c 

Condition of water-
dependent vegetation 

Trend analysis 
against pre-Basin 
Plan baseline 

Not assessed Attachment 2 

3b Diversity of water-
dependent vegetation 

Not assessed Lines of evidence collated 
from intervention 
monitoring programs 

 

These BWS targets were the only ones for which data was available at the Basin scale, noting that the 

contribution analysis for diversity was dependent on asset-based intervention monitoring. The MDBA 

acknowledge that there are additional research and monitoring data sets at the asset scale held by 

State agencies, NGOs, Universities and consultants, however, challenges in getting access, integrating 

and analysing these data precluded their use in the 2020 Basin scale evaluation. 
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Condition of water-dependent vegetation 

How has the condition of water-dependent vegetation changed since 
2012? 
Vegetation condition was assessed against the BWS targets with respect to tree stand condition of 

three ecologically important floodplain and wetland communities:  

• river red gum forests and woodlands  

• black box woodlands  

• coolibah woodlands (Table 9).  

Tree stand condition was assessed using the Stand Condition Assessment (SCA) tool. The report is 

available on the MDBA website 2020 Evaluation: reports and data page.   This tool enables 

assessment of target tree community condition across large spatial scales by correlating on-ground 

measures of condition with Landsat satellite imagery. Accuracy estimates for SCA tool outputs vary 

across the target species (river red gum forest and woodland 83.7%, black box woodland 77.2% and 

coolibah woodland 89.1%). Outputs for species outside of known distributions (coolibah in the 

southern Basin) have been identified as tool errors and removed from assessment outcomes. More 

information about the SCA tool is found at Attachment 2. 

Table 9 Change in tree vegetation community condition pre- Basin Plan (1987 to 2011) and post- Basin Plan (2012 to 2019). 
*areas smaller than 20km2 are not reported, due to high potential for error. 

 Catchment River Red Gum Black Box Coolibah 

Barwon-Darling Largely decreased Maintained Maintained 

Border Rivers Maintained Maintained Maintained 

Campaspe Maintained NA* NA* 

Condamine-Balonne Maintained Maintained Maintained 

Eastern Mt Lofty Ranges NA* NA* NA* 

Goulburn-Broken Maintained Maintained NA* 

Gwydir Largely decreased Maintained Maintained 

Lachlan Maintained Maintained NA* 

Loddon Largely decreased Maintained NA* 

Lower Darling Maintained Maintained NA* 

Macquarie-Castlereagh Maintained Maintained Maintained 

Moonie Maintained Maintained Maintained 

Murray Maintained Maintained NA* 

https://www.mdba.gov.au/publications/mdba-reports/2020-evaluation-reports-data
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 Catchment River Red Gum Black Box Coolibah 

Murrumbidgee Maintained Maintained NA* 

Namoi Largely decreased Maintained Maintained 

Nebine NA* Maintained Maintained 

Ovens Moderately increased NA* NA* 

Paroo Largely decreased Maintained Maintained 

Warrego Largely decreased Maintained Maintained 

Wimmera-Avoca Maintained Maintained NA* 

River red gum 

Tree stand condition varies considerably across the Basin and between species. The percentage of 

river red gum stands in moderate to good condition ranged from 60% in the Macquarie-Castlereagh 

and Nebine systems to over 90% in many catchments in the northern and southern Basin (Figure 12). 

While the proportion of river red gums in moderate to good condition was similar pre and post Basin 

Plan for the majority of the systems, populations in the Barwon-Darling, Gwydir, Loddon, Namoi, 

Paroo and Warrego systems showed a decrease in the proportion in moderate to good condition 

(Table 9). 

 
Figure 12 Average (with standard error) of the percentage of river red gum communities in moderate or better condition 
pre- Basin Plan (1987–2011) and post- Basin Plan (2014–2019) by catchment 
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Black Box 

The proportion of black box in moderate to good condition was relatively low across most of the 

catchments in both the northern and southern Basin (Figure 13). This ranges from < 20% in the 

Nebine, Warrego and Lachlan catchments to over 50% in the Campaspe, Eastern Mount Lofty 

Ranges, Goulburn Broken and Ovens systems. Overall, the relatively poor condition of black box has 

been maintained post Basin Plan, with the results showing no significant differences between pre 

and post Basin Plan. Figure 13 suggests there may be some improvements in average black box 

condition in some catchments including the Barwon-Darling, Border Rivers and Goulburn Broken, and 

declines in the Gwydir, Namoi, Loddon and Wimmera-Mallee, however more data is required to 

determine whether these changes are indicative of significant degradation or improvement.  

 

Figure 13 Average (with standard error) of the percentage of black box communities in moderate or better condition pre- 
Basin Plan (1987–2011) and post- Basin Plan (2014–2019) by catchment 

Coolibah 

The proportion of coolibah in moderate or better condition varied between catchments but was 

found to have been largely maintained post Basin Plan, with no significant differences detected 

(Figure 14). Areas smaller than 20km were excluded from the analysis to reduce the influence of tool 

error, including outcomes for coolibah outside its geographic range. Although Figure 14 illustrates 

some potential decline in condition in the Gwydir and Namoi catchments, these differences were not 

statistically significant.  
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Figure 14 Average (with standard error) of the percentage of coolibah communities in moderate or better condition pre- 
Basin Plan (1987–2011) and post- Basin Plan (2014–2019) by catchment 

Contribution of the Basin Plan to water-dependent 
vegetation 
Flows have an overriding influence on the growth, reproduction, dispersal, germination and 

establishment of plants in wetland and floodplain habitats (Brock et al. 2006). Plant responses to 

wetting at different life history stages vary between species and will depend on plant age and /size as 

well as flow characteristics (for example, timing, duration etc.). For example, flood intolerant species 

such as many chenopod shrubs, will be killed by flows of any significant duration, while germination 

and growth of aquatic and amphibious plants will be triggered by inundation. 

Factors other than flows 
Flow tends to have an overriding influence on vegetation dynamics in riparian habitats. However, 

many other factors can modify the capacity of plants and vegetation communities to respond to 

wetting:  

• Weather conditions, such as (for example temperature and rainfall) before and after flows 

are particularly important in determining which species germinate and survive.  

• Fire will also modify wetland vegetation responses to flow as may water and/or soil quality.  

• Salinisation and acidification of water and soils can be expected to limit vegetation responses 

to flow where these occur in the Southern Basin (Baldwin and Capon 2011).  

• Growing evidence also indicates that grazing significantly constrains riparian vegetation 

responses to flows in the Southern Basin (for example, ARI 2019).  
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With respect to BWS targets related to vegetation extent, vegetation clearing is also an obvious 

driver. 

Flows delivered for vegetation 
A total of 2803 GL of environmental water was delivered across 393 events with the specific 

objective of achieving outcomes for vegetation (Figure 15). This represented between 13% and 28% 

of the total amount of environmental water delivered each year. While some of this water was 

delivered for riverine vegetation, the majority was for floodplain and wetland vegetation 

communities. In addition, other environmental water delivered to wetlands and floodplains for other 

purposes (for example, waterbirds) would also have benefited vegetation communities. 

 

Figure 15 Flows delivered for vegetation in the context of all environmental water in the Basin 

To what extent has the recovery, delivery and protection of environmental 
water (i.e. the Basin Plan) contributed to changes diversity of water-dependent 
vegetation?  

Environmental watering actions and decisions have provided opportunities for vegetation 

recruitment and growth, to support vegetation diversity outcomes. These have been provided in a 

wide range of ways, such as:  

• small-scale pumping to individual wetlands and sites—for example, wetlands in the mid and 

lower River Murray, often on private property (DPIE 2017), as well as some Murrumbidgee 

wetlands (Wassens et al. 2019)  

• the use of larger, permanent infrastructure to facilitate floodplain inundation and lateral 

connectivity between habitat types—for example, Chowilla Floodplain (Nicol et al. 2019), 

Mulcra Island (Henderson et al. 2014), Hattah Lakes (Freestone et al. 2014)  

• in-channel flow releases and manipulations to create lateral connectivity—for example, 

Gwydir and Lachlan River systems (Dyer at al. 2019; EcoLogical Australia 2019a) weir pool 

manipulations —for example, the lower River Murray) including both lowering and raising, 

which provides opportunities for lateral connectivity and floodplain inundation (raising), as 
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well as opportunities for encroachment of bank vegetation and other benefits associated 

with periodic exposure of banks (lowering) (DEWNR 2012; DEW 2018)  

• the installation of regulators and carp screens on some wetlands enabling them to 

disconnect and reconnect in the absence of large carp —for example, Thegoa Lagoon  

• the protection of flows and/or decisions around flow diversions that limit upstream 

extraction and enable floodplain inundation—for example, the Western Floodplain at the 

junction of the Warrego and Darling Rivers (EcoLogical Australia 2019b)  

• the use of complementary actions with watering decisions, such as carp exclusion cages—for 

example in Gunbower Forest (Bennetts and Sim 2016) or other forms of carp control—for 

example, the Murrumbidgee River system (Wassens et al. 2019) weed control, pest animal 

control and grazing management, such as fencing—for example, in Barmah Forest (Ward 

2019). 

Floodplain and wetland environments in the Murray–-Darling Basin support a tremendous diversity 

of plants and vegetation communities (Brooks 2019; Capon and Campbell 2019). Community clusters 

vary over space and time providing heterogeneous and unique communities at any given point in 

time (Campbell et al. 2019; Capon and Campbell 2019). For example, more than 600 plant species 

were recorded in the understory of sites at six long-term intervention monitoring (LTIM) selected 

areas across the Basin between 2014 to 2015 and 2017 to 2018. These ranged from fewer than 

100 species in 2016 to 2017 (a flood year) to more than 200 species in 2014 to 2015-15 and 2017 to 

2018-18 (Capon and Campbell 2019).  

This number of plant species is likely to be greater if additional sites across the Basin were included, 

such as The Living Murray icon sites and the Macquarie Marshes, not to mention the wetlands 

covered in state-based monitoring programs. Species richness varies depending on the spatial and 

temporal scale considered (see example in Figure 16). Additional species may be accumulated over 

time as appropriate opportunities—for example, hydrological connectivity and, appropriate flow 

regimes—are provided for their dispersal and/or growth. The time required for species accumulation 

curves to flatten will vary, depending on the community type, flow regime, climatic conditions and 

other factors. It may be in the order of a decade or more in variable systems (see example in Figure 

17). 

 

Figure 16 Variation in species richness with changes in spatial and temporal scale, using data from the Long-term 
Intervention Monitoring (LTIM) project. (Figure adapted from Poff (1997) and Wiens (2002)). 
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Figure 17 Example of the accumulation of plant species richness over time, using data from wetland sites on the Lindsay, -
Mulcra and -Wallpolla Islands (LMW wetlands) as part of The Living Murray (TLM) Condition Monitoring program 

Moira grass 

One of the defining characteristics of Barmah–Millewa Forest is the presence of open plains of moira 

grass (Pseudoraphis spinescens). The area of moira grass in Barmah–Millewa Forest has declined over 

time, from historical estimates of 4,000 hectares in 1930 (Chesterfield 1986; Vivian et al. 2015) to 

only 182 hectares of moira grass mapped as occurring in Barmah Forest in 2010 to 2012 (Vivian et al. 

2015).  

To maintain the ecological character of the region at least 1,350 hectares of moira grass needs to be 

retained (Hale and Butcher 2011). There have been efforts to understand and mitigate the 

threatening processes (Hale and Butcher 2011; Vivian et al. 2014a; Vivian et al. 2014b; Vivian et al. 

2015; Durant et al. 2016; Vivian and Godfree 2019). While there has been considerable progress—

such as the response of moira grass in wetlands which receive environmental water and are fenced 

from grazing (MDBA 2018) and other disturbances (Figure 18 and Figure 19)—there are still factors 

which require attention. 

 

Figure 18 The positive effect of fencing to limit grazing is evident during both inundated (left) and dry (right) phases. Little 
Rushy Swamp, January 2020 (inundated) and June 2020 (dry), Barmah Forest. (Photo credit: Keith Ward, Goulburn Broken 
CMA). 



 

 
Murray–Darling Basin Authority  The 2020 Basin Plan Evaluation, River connections evidence report           30 

 

Figure 19 The impact of vehicle damage (and grazing) in unfenced parts of the floodplain. Little Rushy Swamp (left) and 
Steamer Plain (right), Barmah Forest, June 2020. (Photo credit: Keith Ward, Goulburn Broken CMA). 

Giant rush grass is an invasive native species that threatens the character of moira grasslands (Vivian 

et al. 2014a; Vivian et al. 2014b). Giant rush has continued to expand in some areas and the target 

for restoring the natural distribution of moira grass was not met in recent reporting—2017 to 2018-

18 and 2018 to 2019 (MDBA 2018; Ward 2019). Environmental water allocations at Barmah–Millewa 

forest, coupled with the constraints on operation, make the control of giant rush, using 

environmental water allocations alone, unlikely (Vivian et al. 2014b). 

Seedbank studies also indicate that moira grass in Barmah Forest does not develop a persistent seed 

bank (Durant et al. 2016; Vivian and Godfree 2019). Recovery efforts need to focus on vegetative 

regrowth from existing populations and highlight the importance of protecting remaining patches of 

moira grass (Vivian and Godfree 2019). Trials to map the extent of moira grass using aerial imagery 

have been undertaken recently to assist in the assessment of moira grass extent (Kitchingman 2017; 

Suarez et al. 2018). 

Common reed and cumbungi 

Reed beds are characteristic wetland vegetation communities at the Ramsar- listed Macquarie 

Marshes and the nationally important Great Cumbung Swamp (OEH 2012; DAWE 2019a). 

Maintaining the health of these communities is a priority for environmental watering (DPIE 2019), 

and reedbeds in both the Macquarie Marshes and Great Cumbung Swamp were one of the priority 

vegetation types inundated in 2018 to 2019 (Thomas et al. 2020). A comparison of Australian 

National Aquatic Ecosystem (ANAE) mapping and inundation by Commonwealth environmental 

water (Brooks 2020) shows that at least portions of tall emergent marsh communities at both 

wetlands have been inundated annually from 2014–15 to 2018–19. The condition of the community 

at the Great Cumbung Swamp is unknown, but monitoring started in 2020 will help to assess 

outcomes for this community in future evaluations.  

Marsh club-rush sedgelands (Gwydir) 

Marsh club-rush (Bolboschoenus fluviatilis) sedgelands are listed as a critically endangered ecological 

community in New South Wales with the largest extent in the Gwydir wetlands. While the 

community has been the target of environmental water, over the past five years only a very small 

proportion of the vegetation community has been inundated (EcoLogical Australia 2019a). 

Information on the current condition of marsh club-rush sedgelands and progress towards the BWS 

expected outcomes of increased periods of growth is not known. 
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Water couch 

In the Gwydir River floodplain system, communities dominated by water couch (Paspalum distichum) 

are fundamental to maintaining the Ramsar character (Taylor-Woods and Jaensch 2006). The exotic 

species lippia (Phyla canescens) can invade these grasslands during extended dry periods, reducing 

their ecological value. Environmental water delivered during the 2014–15 water year helped reduce 

the cover of lippia from 60% to 3% and increased the cover of water couch from 10% to 81% (Figure 

20). These water couch communities were then able to persist for the next four years (Figure 20) 

(EcoLogical Australia 2019a). 



 

 
Murray–Darling Basin Authority  The 2020 Basin Plan Evaluation, River connections evidence report           32 

 

Figure 20 Change in the cover of water couch and lippia from spring 2014 to spring 2018, at Mungwonga, Gingham 
watercourse, Gwydir River system. Cover values for water couch and lippia are from EcoLogical Australia (2019a). (Photo 
credit: EcoLogical Australia). 

First measurement Second measurement 

Spring 2014 – water couch 10% / lippia 60% Autumn 2015 – water couch 81% / lippia 3% 

Spring 2015 – water couch 60% / lippia 3% Spring 2016 – water couch 50% / lippia 10% 

Spring 2017 – water couch 35% / lippia 15% 

Spring 2018 – water couch 5% / lippia 0% 

Autumn 2017 – water couch 40% / lippia 15% 

Autumn 2018 – water couch 80% / lippia 15% 
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Waterbirds 
A detailed description of the approach to the waterbird analysis is provided in  
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Attachment 3: Waterbird analysis approach. 

Background and summary findings 
The Basin supports a diversity and abundance of waterbirds. Around 98 species and 700,000 total 

waterbird abundances have been recorded (Bino et al. 2018). Large flocks of waterbirds congregate 

on inundated wetlands, with habitat availability and food resources influencing the temporal and 

spatial variability in waterbird distributions. Waterbird species have specific foraging, roosting and 

moulting habitats and a mosaic of habitats across the landscape promotes waterbird diversity and 

abundance. 

Waterbirds also require a variety of habitat types in suitable condition to ensure breeding success. 

This includes suitable nesting habitat and productive foraging grounds to meet their energy 

requirements for both breeding adults and chicks. Water plays an important role in providing such 

habitat—for example, by maintaining a mosaic of wetland habitats through seasonal flooding of 

sedgelands, marsh grasslands, lignum shrublands, forests and open lagoons. This ensures a diversity 

of habitats to support different waterbird functional groups and keeps wetlands primed to support 

future breeding events (Brandis 2010; Bino et al. 2015). Broad-scale flooding outside the breeding 

colony sites (either adjacent or close by) is also vital to generate food resources, such as plants, bugs, 

insects and frogs. Some waterbirds forage in agricultural landscapes, and while this is outside the 

remit of the Basin Plan, it should be noted as an important food source. 

The waterbirds of the Basin have been maintained since the implementation of the Basin Plan 

despite continued dry conditions. Peaks in colonial nesting waterbird breeding coincide with large 

flood events at local or landscape scales. There are records of large-scale breeding in 2008 (Narran 

Lakes) and 2010–2011 and 2016–2017 (multiple locations), which are all linked to large natural flows. 

There have also been smaller scale colonial breeding events each year post- Basin Plan, many 

supported by environmental water. 

Populations of waterbirds in the Basin have declined since peaks in the 1980s. Over shorter time 

spans, the diversity and abundance of waterbirds has been maintained. There have been increases in 

both abundance and diversity at several important wetland sites post- Millennium Drought that have 

been maintained through recent dry years. 
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Evaluation assessment 
Table 10 Assessment parameters for waterbirds 

Indicator Condition assessment Assessment of contribution of 
the Basin Plan 

Colonial waterbird breeding 
and foraging habitat 

Not assessed: preliminary 
evidence presented 
 

There has been an increase in 
some foraging habitat types 
(mainly in the northern Basin) 
available for waterbirds since 
implementation of the Basin Plan 

Colonial waterbird breeding  Not assessed: preliminary 
evidence provided 

The Basin Plan has contributed to 
the provision of breeding 
opportunities 

Recruitment and survival of 
juvenile colonial waterbirds 

Not assessed: preliminary 
evidence provided 

Not assessed 

Waterbird abundance and 
diversity 

Abundance and diversity have 
been maintained at the Basin 
scale. Findings are variable at 
specific sites 

Not assessed 

Basin Plan objectives for waterbirds 
The expected outcomes for waterbirds are increased abundance and the maintenance of current 

species diversity. From 2024 onwards, the expected outcomes are: 

1. no reduction below current observations in the number and type of waterbird species 

present in the Basin 

2. a significant improvement in waterbird populations in the order of 20% to 25% over the 

baseline scenario, with increases in all waterbird functional groups 

3. an increase by up to 50% compared to the baseline scenario for breeding events (the 

opportunities to breed rather than the magnitude of breeding per se) of colonial nesting 

waterbirds 

4. an increase by 30% to 40% compared to the baseline scenario of breeding abundance (nests 

and broods) for all of the other functional groups, especially in locations where the Basin 

Plan improves over-bank flows. 
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How have we assessed waterbirds? 
Table 11 Approach to assessing outcomes for waterbirds. EO= expected outcome from the list above 

EO Indicator Analysis method Location of 
data and 
analysis 
details 

Condition 
assessment 

Assessment of the 
contribution of the 
Basin Plan 

 Colonial waterbird breeding 
and foraging habitat 

Trend analysis 
against pre-Basin 
Plan baseline 

Not assessed: 
preliminary evidence 
presented 

Attachment 3 

3 Colonial waterbird breeding  Trend analysis 
against pre-Basin 
Plan baseline 

Lines of evidence 
collated from 
intervention 
monitoring programs 

3 Recruitment and survival of 
juvenile colonial waterbirds 

Not assessed: 
preliminary 
evidence presented 

Not assessed 

1, 2 Waterbird abundance and 
diversity 

Trend analysis 
against pre-Basin 
Plan baseline 

Not assessed 

 

The MDBA acknowledge that there are additional research and monitoring data sets at the asset 

scale held by State agencies, non-government organisations, universities and consultants. However, 

challenges in getting access, integrating and analysing these data precluded their use in the 2020 

Basin scale evaluation. 

Condition of waterbirds 
The condition of waterbirds was assessed by looking at changes in the breeding and foraging habitat 

and changes in waterbird diversity and abundance. 

Colonial waterbird breeding 

How has colonial waterbird breeding and foraging habitat changed since 2012? 

The Basin has 16 wetlands of international importance (Ramsar sites), several of which comprise 

multiple wetland sites, for example the Hattah Lakes and, Kerang Lakes. These wetlands have been 

nominated as internationally important, in part, due to supporting a diversity, abundance, or 

significant breeding of waterbirds (Butcher et al. 2009; Butcher and Hale 2011; Office of Environment 

and Heritage 2012; Hale and Butcher 2011; Butcher and Hale 2016).  

Waterbird foraging habitat varies between species and guilds. The majority of waterbird species in 

the Basin forage in inundated environments, ranging from deep water specialists such as diving ducks 
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and fish- eating species such as cormorants and pelicans, to those species that forage by wading in 

relatively shallow water or wet mud. Many waterbirds also require inundation to breed, nesting 

either in trees, shrubs or emergent reeds. The provision of inundated wetlands, at locations known 

to support waterbirds, should therefore provide some measure of habitat for foraging and/or 

breeding. 

There has been a significant increase in open water and inundated vegetation foraging and breeding 

habitat available for waterbirds since the implementation of the Basin Plan. This includes substantial 

increases in inundation of lakes—, particular in the Hattah–-Kulkyne Lakes Ramsar site— and smaller, 

but significant increases in the inundated area of swamps and marshes. These increases have 

occurred despite continued dry conditions for most years since the implementation of the Basin Plan. 

It should be noted that the pre-Basin Plan period covered the Millennium drought. 

However, not all locations have improved. There has been a decline in inundated habitat at Narran 

Lakes, the Gwydir wetlands and several wetlands in the Kerang Wetlands Ramsar site including Hird 

and Stevenson Swamps (Error! Reference source not found.). 

 
Figure 21 Comparison of wetland habitat at wetlands in Ramsar sites in the Basin pre- and post- Basin Plan (data provided 
by Geoscience Australia) 
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The change in green vegetation post- Basin Plan has been variable. It has largely increased in 

floodplain wetland and marsh sites, perhaps indicating improvements on vegetation health and 

productivity. In contrast, in lakes where we expect large expanses of open water green vegetation it 

has largely decreased being replaced by open water and inundated. This represent an improvement 

in condition in lakes. 

Colonial waterbird breeding: preliminary evidence 

Colonial nesting waterbird species are those that breed in large colonies and include pelicans, 

cormorants, egrets, ibis, spoonbills and terns. Many of these species nest in inundated vegetation 

and require flooding to continue until chicks have fledged. Colonial waterbird breeding records are 

not complete for wetlands in the Basin. There are several regular aerial and ground surveys, but they 

do not always occur at the time of year that peak breeding occurs. For example, aerial surveys 

conducted in spring, can miss breeding that is triggered later in the year and extends into summer. 

The large- scale breeding of ibis, egrets and pelicans in 2016 to 2017 in the Macquarie Marshes and 

Lowbidgee was not captured by aerial surveys, nor was the large breeding event of ibis at Narran 

Lakes in 2008. Results presented in this report must be considered in this context. 

Peaks in colonial nesting waterbird breeding coincide with large flood events at local or landscape 

scales. There are records of large-scale breeding in 2008 (Narran Lakes) and 2010 to 2011 and 2016 

to 2017 (multiple locations) which are all linked to large natural flows. 

The climatic conditions since the implementation of the Basin Plan have largely been dry, with the 

exception of 2016 to 2017, where conditions across much of the southern Basin were wet. Despite 

the dry conditions, there have been moderate colonial waterbird breeding events in most years 

(Figure 22). More than 2,500 nests have been recorded in wetland sites each year post- Basin Plan, 

with the exception of 2018 to 2019-19, where around 1,000 nests were recorded comprising a little 

over 500 nests of egrets ibis, herons and cormorants in the Lowbidgee (Thomas et al. 2020), and 

smaller numbers of nests in Lindsay–Walpolla–Chowilla and Reedy Lake (MDBA aerial surveys). 

 

 

Figure 22 Number of nests of colonial breeding species pooled across sites in the Basin (MDBA aerial survey, Eastern 
Australian Aerial Waterbirds Survey and OEH ground surveys combined). Note this does not include the Coorong, Lower 
Lakes and Murray Mouth, which is covered by the End of System Evaluation. 
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Waterbird recruitment and survival: preliminary evidence 

Successful waterbird breeding does not end with chicks surviving to fledge, but rather when they 

survive into adulthood and form part of the breeding population. While we have evidence to suggest 

that egg predation may be high, chick survival is also relatively high on colonial nesting species in the 

Basin. There are, however, multiple pieces of information that suggest that recruitment of these 

chicks into the adult population may be low. The evidence includes: 

• continued declines in the total populations of some of the colonial nesting species in the 

Basin 

• lack of observations of juvenile birds after large breeding events 

• low recovery rates for young birds that are tagged with leg bands 

• high mortality rates of tracked juveniles. 

The Murray– Darling Basin Environmental Water Knowledge and Research (MD EWKR) fitted satellite 

trackers to 64 individuals from three species—straw-necked ibis, Australian white ibis and royal 

spoonbill—to look at their movement and survival post- breeding. The study found that 60% of the 

tracked birds died in the two-year study period and a further 25% went missing. Of those that died, 

factors most associated with mortality were weather extremes (heat exhaustion, cold, exposure), 

predation, shooting, disease and vehicle impact.  

Juvenile birds are more susceptible to adverse conditions as they are still learning to fend for 

themselves. They use a lot of energy when first leaving the nesting area and require high- quality 

food while they are still developing. While environment water has contributed significantly to 

successful breeding events and to fledging chicks, the focus must now be on getting the juveniles to 

adulthood. These means a different set of watering priorities to improve habitat and high 

productivity foraging areas. 

Diversity and abundance 

How has waterbird diversity and abundance changed since 2012 at a Basin-
scale? 

The Eastern Australian Aerial Waterbird Survey (EAWS), provides a consistent measure of waterbirds 

in eastern Australia through annual aerial surveys in latitude bands across Queensland, NSW and 

Victoria. Data from the EAWS Murray–Darling Basin wetland targeted survey, indicate a decline in 

waterbird abundance in the Basin from peaks in the 1980s (Figure 23). Analysis of this data led to the 

conclusion that: 

continued waterbird declines and low numbers may be indicative of compromised 

conservation management, reflecting the challenges of restoring sufficient water to 

wetlands for feeding and breeding waterbird habitat. Environmental flows are likely to 

have reduced the rate of decline, through providing increased feeding habitat and 

breeding habitat but not sufficient to arrest decline (Bino et al. 2018).  
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Figure 23 Total abundance of waterbirds from aerial surveys 1983 to 2018 (Eastern Australian Aerial Waterbird Survey) 

Certain wetlands in the Basin are very important for waterbirds. In the BWS, 33 wetland complexes 

were identified as being particularly important for waterbirds, including the Gwydir wetlands, 

Menindee Lakes, Macquarie Marshes and Kerang Wetlands (MDBA 2019). Unfortunately, the EAWS 

does not cover all of these important wetland sites. To address this, a program that aims to survey 

waterbirds at the most important wetlands in the Basin commenced in 2007, with the survey of the 

Murray River icon sites, and has gradually expanded to include the most important wetlands for 

waterbirds in the Basin. Data, therefore, pre- and post- Basin Plan are available for only a small 

number of years, with data for all important wetlands only collected since 2014.  

An analysis of data for 26 important wetland locations that span the northern and southern Basin for 

which surveys had been conducted at least annually from 2007 to 2018 indicate that abundance of 

waterbirds has not changed significantly since the implementation of the Basin Plan both in terms of 

total abundance as well as abundance within any functional group. Total abundance summed from 

the 15 locations ranging from lows of around 30,000 in the Millennium Drought to over 600,000 in 

2011 and 2012 (Figure 24). 

 

Figure 24 Total waterbird abundance (individuals) at important wetland sites in the Basin from aerial surveys (data from 
EAWS, MDBA aerial waterbird surveys) 
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A total of 96 waterbird species were recorded from 2007 to 2018, with 79 species recorded 2007 to 

2011 and 94 species from 2012 to 2019 (Figure 25). Species diversity, as indicated by the total 

number of species recorded in each year has significantly increased from 2007-2011 to 2012-2019. 

The differences in number of species were due to the presence and absence of rare and cryptic 

species. For example, there is a single record of a Lewin’s rail (Lewinia pectoralis) from the Macquarie 

Marshes in 2009, and a record of a bar-tailed godwit (Limosa lapponica) at Fivebough Swamp in 

2013. The increase in rare and cryptic species in recent years may reflect increased ground survey 

effort rather than a genuine change in the types of species supported in the Basin. Nonetheless, the 

BWS expected outcomes of “the number and type of waterbird species present in the Basin will not 

fall below current observations” has been achieved. 

The increase in rare and cryptic species in recent years may reflect increased ground survey effort 

rather than a genuine change in the types of species supported in the Basin. Nonetheless, the BWS 

expected outcome that ‘the number and type of waterbird species present in the Basin will not fall 

below current observations’ has been achieved. 

 

Figure 25 Species richness of wetland- dependent birds in the Basin 2007 to 2018 (data from EAWS, MDBA Aerial surveys, 
Atlas of Living Australia, DELWP summer waterfowl counts 

How has waterbird diversity and abundance changed since 2012 at a site scale? 

Waterbird distribution across the Basin at any given time is a product of suitable habitat availability. 

There are a number of locations, however, that more frequently support a diversity and / or 

abundance of waterbirds; with 33 sites identified in the BWS as being particularly important for 

waterbirds (MDBA 2019). Examining changes in waterbird diversity and abundance at some of these 

important sites, provides an opportunity to assess relationships between water and waterbirds in 

more detail than can be distinguished from a Basin-scale analysis. An analysis of waterbird diversity 

and abundance has been completed for eight important sites in the Basin for which there was 

sufficient data spanning 2007 to 2019 (Barmah-Millewa Forest, Kerang Wetlands, Hatttah Lakes, 

Lyndsay-Walpolla-Chowilla, Fivebough Swamp, Macquarie Marshes, Paroo Overflow Lakes and 

Menindee Lakes). 

Generally, waterbird abundance has been maintained at the eight wetland locations since the 

implementation of the Basin Plan (Table 12). At two locations (Fivebough Swamp and Menindee 

Lakes) there has been a significant increase in total annual waterbird abundance (p < 0.05). At six of 



 

 
Murray–Darling Basin Authority  The 2020 Basin Plan Evaluation, River connections evidence report           42 

the eight wetland sites, waterbird diversity as indicated by species richness also increased (p < 0.05), 

although this may reflect increased survey effort in more recent years. 

Table 12 Changes in waterbird abundance and diversity from pre Basin Plan (2007 to 2011) and post Basin Plan (2012-
2019). Results of t-tests based on data collated from aerial surveys and records in the Atlas of Living Australia). 

Site Waterbird abundance Species richness 

Barmah-Millewa Forest Maintained Improved 

Kerang Wetlands Maintained Improved 

Hattah Lakes Maintained Improved 

Lindsay-Walpolla-Chowilla Maintained Maintained 

Fivebough Swamp Improved Improved 

Macquarie Marshes Maintained Improved 

Paroo Overflow Maintained Maintained 

Menindee Lakes Improved Improved 

 

Annual waterbird abundance in Barmah-Millewa Forest was low during the Millennium Drought 

(< 2000 individuals) and peaked in 2011 at just over 10,000 birds coinciding with widescale forest 

inundation (Figure 26). The peaks in 2011 comprised large-bodied waders (egrets, herons and ibis) as 

well as little black and little pied cormorants. These all represent colonial nesting species that are 

known to breed in the site when conditions are suitable (Hale and Butcher 2011). Species diversity at 

Barmah-Millewa Forest has increased in recent years, with small numbers of crake species that were 

largely absent in 2007 to 2011 now being recorded including Australian spotted crake and Baillon's 

crake. The site is also nationally important for supporting large numbers of the endangered 

Australasian bittern (Belcher et al. 2019). 

Waterbird abundance in the Kerang Wetlands is highly variable from year to year in response to 

patterns of inundation across the 23 individual lakes and wetlands that make up the site (Figure 27). 

While this is linked to water regime, the pattern is more complex, with large numbers of birds finding 

refuge on the permanent wetlands of the site when the surrounding landscape is dry and also large 

numbers of waders and shorebirds utilising several of the intermittent wetlands such as Lake Cullen 

as water levels recede (Hale and Butcher 2016).  

The pattern of waterbird abundance at Hattah Lakes is also influenced by the water regimes across 

the multiple individual wetlands at this site. For example, the peak in 2007 represents large numbers 

of grey teal on Lake Lockie, when this wetland was inundated together with a small number of other 

wetlands at the site. Since that time, total abundance has been more modest (Figure 28), but 

diversity has increased as a habitat mosaic of different water regimes, water depths and vegetation 

communities have supported a variety of foraging functional groups (Fullagar and McCutcheon 

2017). 
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Figure 26 Waterbird abundance, annual maximum inundation extent (top) and species richness in functional groups 
(bottom) 2007 to 2019 at Barmah-Millewa Forest (data from MDBA Aerial surveys, Atlas of Living Australia) 
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Figure 27 Waterbird abundance, annual maximum inundation extent (top) and species richness in functional groups 
(bottom) 2007 to 2019 at Kerang Wetlands (data from MDBA Aerial surveys, Atlas of Living Australia; DELWP Annual 
Summer Waterfowl Counts) 
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Figure 28 Waterbird abundance, annual maximum inundation extent (top) and species richness in functional groups 
(bottom) 2007 to 2019 at Hattah Lakes (data from MDBA Aerial surveys, Atlas of Living Australia) 

Waterbird abundance at Lindsay-Walpolla and Chowilla has improved since the low numbers 

observed in the latter parts of the Millennium Drought. The peaks in abundance at the site largely 

represent thousands of ducks and herbivores and occasionally large numbers of fish eating species 

such as cormorants and the Australian pelican. Waterbird diversity at the site has remined stable 

since 2007 with between 38 and 45 species recorded annually (Figure 29). 

Fivebough Swamp supports a high diversity of waterbirds with 75 species recorded at the wetland 

since 2007. The wetland supports moderate numbers but a relative high diversity of both Australian 

resident and international migratory shorebird species. The site supports moderate to high numbers 

of grey teal, pink-eared duck, glossy ibis and Australian pied stilt. There has been a statistically 

significant increase in both diversity and abundance at this site since 2012 (Figure 30). 

Abundance of waterbirds at the Macquarie Marshes is very much a product of inundation, with large 

peaks in abundance coinciding with widescale flooding at the site (Figure 31). These peaks largely 

represent congregations of colonial nesting waterbird species including egrets, ibis and herons 

(Thomas et al. 2020). Species richness is influenced to a lesser extent than abundance by water 
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regime, but increased survey efforts since 2013 may account for the increase in the number of 

species recorded in recent years at the site. 

 

Figure 29 Waterbird abundance, annual maximum inundation extent (top) and species richness in functional groups 
(bottom) 2007 to 2019 at Lindsay-Walpolla-Chowilla (data from MDBA Aerial surveys, Atlas of Living Australia) 
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Figure 30 Waterbird abundance, annual maximum inundation extent (top) and species richness in functional groups 
(bottom) 2007 to 2019 at Fivebough Swamp (data from EAWS, MDBA Aerial surveys, Atlas of Living Australia) 
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Figure 31 Waterbird abundance, annual maximum inundation extent (top) and species richness in functional groups 
(bottom) 2007 to 2019 at the Macquarie Marshes (data from MDBA Aerial surveys, Atlas of Living Australia) 

The Menindee Lakes were dry at the end of the Millennium Drought and supported very few 

waterbirds, since then there have been mostly moderate abundances and diversity of species 

recorded across the system (Figure 32). The peaks in 2017 were largely due to very high numbers of 

grey teal almost 40,000 individuals), herbivores such as black-tailed native hens, and Eurasian coots, 

fish eating species including > 6000 Australian pelican and > 6000 whiskered tern.  

The boom and bust nature of the arid Paroo Overflow Lakes system is reflected in the observations 

for both abundance and diversity of waterbirds at this wetland complex (Figure 33). During periods 

of high productivity following inundation, the site supports large numbers of a range of functional 

feeding groups including ducks (grey teal, pink-eared ducks), fish eating species (Australian pelican 

and pied cormorant) and Australian shorebirds (red-necked Avocet). 
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Figure 32 Waterbird abundance, annual maximum inundation extent (top) and species richness in functional groups 
(bottom) 2007 to 2019 at the Menindee Lakes (data from EAWS, MDBA Aerial surveys, Atlas of Living Australia) 
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Figure 33 Waterbird abundance, annual maximum inundation extent (top) and species richness in functional groups 
(bottom) 2007 to 2019 at the Paroo Overflow (data from EAWS, MDBA Aerial surveys) 

Contribution of the Basin Plan to waterbirds 
Water regimes are important drivers of waterbird abundance and diversity at local and regional 

scales. Most of Australia’s waterbirds are highly mobile and will move in response to habitat 

availability (Kingsford and Norman 2002). There are many aspects to water regimes that influence 

waterbird behaviour and condition. A mosaic of habitats at local and regional scales is important as 

different species of waterbirds have different habitat requirements for foraging, breeding, roosting 

and moulting.  

Disturbance regimes, such as flood pulses and wetting and drying cycles in wetlands, drive 

biodiversity in Australian aquatic ecosystems (Kingsford et al. 1999; Leigh et al. 2010; Bino et al. 

2015). The act of filling and drying a wetland stimulates a number of processes such as nutrient and 

carbon cycling, primary productivity and the creation of a range of habitat niches (Boon et al. 2014). 

Permanent wetlands may provide drought refuge during prolonged and spatially extensive dry 
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periods. However, in general, variability in water regimes and wetting and drying cycles provide 

better habitat in terms of productivity and vegetation condition for waterbirds.  

Factors other than flows 
There are a broad range of factors other than flow that influence waterbird populations. Non-flow 

factors that can impact waterbirds include (Scott 1997; Reid et al. 2013): 

• habitat loss, fragmentation and change 

• grazing and/or draining of wetlands for agricultural production 

• predation, especially by introduced species such as foxes, cats and, pigs at different rates and 

timing 

• waterfowl hunting 

• human disturbance through boat or recreational vehicle use  

• toxicants and avian diseases 

• climate change and adverse weather events, including prolonged drought. 

Flows delivered for waterbirds 
Over the past six years, only a small fraction of the environmental water use has been specifically for 

waterbirds (Figure 34). However, undoubtedly, flows delivered for other purposes such as vegetation 

and lateral connectivity would have also supported waterbird habitat. 

 

Figure 34 Flows delivered for waterbird outcomes in the context of all environmental water 

How has the Basin Plan contributed to waterbirds? 

Over the five- year period 2014 to 2019, Commonwealth environmental water supported 

288,513 hectares of lakes, wetlands and floodplain ecosystems. Environmental water (including 

water from states, TLM and CEWO) has been used since Basin Plan implementation to inundate 

many of the wetlands that are known to support waterbirds and the majority of Ramsar sites in the 

Basin (Table 13). 
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Table 13 Ramsar sites that have received environmental water since the implementation of the Basin Plan 

Ramsar site 2012–13 2013–14 2014–15 2015–16 2016–17 2017–18 2018–19 

Banrock Station 
Wetland Complex 

   x  x x 

Barmah-Millewa 
Forest 

x x  x x x x 

Fivebough and 
Tuckerbil Wetlands 

x x x   x x 

Gunbower Forest  x x x x  x 

Gwydir Wetlands: 
Gingham and 
Lower Gwydir 
Watercourses 

x x x x x x x 

Hattah-Kulkyne 
Lakes 

 x x x x x x 

Kerang Wetlands  x x x x x  

Koondrook 
Pericoota Forest 
(NSW Central 
Murray Forests) 

  x x x x  

Narran Lakes     x   

Riverland  x x x x x x 

The Macquarie 
Marshes 

x x x x x x x 

 

The sites that have not received environmental water largely represent sites where environmental 

water cannot be delivered—for example, Ginini Flats in the alpine region of the ACT—due to 

operational limitations. Delivering environmental water at the required duration and flow for 

colonial breeders is operationally challenging from a water delivery perspective. As and as outlined 

above, there are other factors that impact colonial nesters, for example, feral predation Such 

conflicting factors create challenges when calculating the contribution of the Basin Plan on colonial 

nesting events. 

In some years, environmental water has represented the only water source for these important 

waterbird habitat sites. In other years, environmental water has been used to augment natural 

inundation events. In several locations, environmental water has been delivered in multi-year 

strategies to provide a mosaic of habitats (Figure 35). The Hattah–Kulkyne Lakes represents one of 

these sites, with inundation to fill lakes that provide: 
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• habitat for foraging piscivores and deep-water specialists as well as colonial nesting 

waterbirds 

• gradual drawdown providing foraging habitat for a variety of wading species (Fullagar and 

McCutcheon 2017). 

 

Figure 35 Extent of inundation at Hattah–Kulkyne Lakes 2014–2019 (Hale et al. 2020) 

Since the implementation of the Basin Plan in 2012, environmental water has been used successfully 

to facilitate the breeding of colonial nesting waterbirds at a number of key sites across the Basin. 

since the implementation of the Basin Plan in 2012. On most occasions, this has been to extend the 

duration of flooding under colonies until fledging of chicks can occur. This happened at several 

important NSW wetland sites during 2016 to 2017, where over 65,000 ML of water was delivered to 

sites where large-scale breeding of colonial breeding birds occurred in the Lachlan, Murrumbidgee 

and Macquarie. Reproductive success was improved by maintaining water depths under nesting 

colonies (Brandis 2017), and by providing adequate foraging habitats in adjacent wetland areas.  

A summary of measured breeding success at sites that received environmental water indicates 

success rates of 40% to 66 % (Table 14). Environmental water delivered under the Basin Plan has 

been shown to support breeding opportunities for waterbirds. Providing such opportunities has not 
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always equated to a breeding event, as there are other factors that dictate whether breeding will 

occur, such as food availability and the, absence of predators. Nonetheless, supporting waterbirds 

through targeted water delivery ensures populations are in optimal condition to breed when the 

timing and conditions are ideal. 

Table 14 Colonial waterbird breeding success at sites that received Commonwealth environmental water in 2016–17 
(Brandis 2017; Wassens et al. 2017)  

Location Breeding 
period 

Environmental water Number 
of nests 

Success rate (%) 

Volume 
(ML) 

Timing 

Murrumbidgee: 
Eulimbah  

Oct–Mar  6,243 28/11/16 – 
03/03/17 

15,104 59 

Murrumbidgee: 
Telephone B. 

Oct–Jan  5,425 24/11/16 – 
20/03/17 

30,779 Not measured 

Murrumbidgee: Tori 
Swamp 

Jan–Mar 2,790 27/10/16 – 
13/02/17 

6,106 40 

Lachlan: Booligal Jan–Mar 4,895 09/01/17 – 
17/03/17 

8,000 58 
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Attachment 1: Hydrology analysis 
approach 

Overbank flows 
Indicator: The indicator assessed for overbank flows is number of days above the overbank flow 

threshold per water year. 

Target: The relevant target for the assessment period (ending June 2019) is that there is no 

degradation in the flow regime (and hence no degradation to overbank flows against pre-Basin Plan 

conditions).  

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

conditions. For this indicator, this has been represented by the baseline (845) model scenario, 

representing conditions as at 2009 and the pre-Basin Plan observed data (from 1994). 

Condition analysis: Fourteen sites across 13 catchments were selected to complete the overbank 

analysis. These gauge locations were chosen due to having good data availability (both observed and 

modelled) and also having flow threshold information available. The number of days above the flow 

threshold for each year for both the observed and modelled flow data was calculated. For the model 

runs this was carried out on data from 1895 to 2009 water years. The observed data was assessed 

over the pre-Basin Plan period of 1994 to 2012 and the post-Basin Plan period of 2012 to 2018 water 

years. The Climate Categorisation Tool was used to categorise the climate each year at the 

catchment scale. This allowed post-Basin Plan years to be compared to pre-Basin Plan years with 

similar climatic conditions. 

For the pre-Basin Plan years, statistics were calculated for the days above the overbank flow 

threshold in each year for each climate category. These were used to form box plots that represent 

the full range of data (minimum, 25th percentile, 50th percentile, 75th percentile, and maximum). The 

post-Basin Plan observed data was then plotted on top of these graphs to determine how the results 

compared. 

Basin Plan contribution analysis: Review of environmental water delivered as overbank flows.  

Flows to terminal wetlands 
Rationale: Terminal wetlands are defined as wetlands occur at the bottom of a river catchment and 

into which all surface water from that catchment flows. They often act as the end point for river 

flows, but if there is sufficient water they may fill and spill water into adjacent catchments. Once 

inundated, the wetlands become important habitats and refuges for a range of water- dependent 

animals. Most of the Basin’s terminal wetlands are found in dry regions. When they are inundated 

with river water they become an oasis in the desert, providing an energy boost and habitat in an 

otherwise parched landscape. 
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Indicator: The indicator assessed for flows to terminal wetlands is the volume of water entering the 

wetland each water year. 

Target: The relevant target for the assessment period (ending June 2019) is that there is no 

degradation in the flow regime (and hence no degradation to terminal wetland flow volumes against 

pre-Basin Plan conditions). 

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

conditions. For this indicator has been represented by the observed data from 1994 to -2012. 

Condition analysis: Six terminal wetlands were analysed for this metric. These comprise:  

• Narran Lakes 

• Gwydir Wetlands 

• Macquarie Marshes 

• Booligal Wetlands 

• Lower Murrumbidgee Wetlands 

•  and Wimmera River Terminal Wetlands.  

The sum of inflow into the wetlands for each water year was calculated. The data was assessed over 

the pre-Basin Plan period of 1994 to -2012 and the post-Basin Plan period of 2012 to 2018 water 

years. The annual inflow into the wetlands was normalised by the annual inflow into the catchment 

to provide a proxy for annual changes in climate. At each wetland, pre- and post- populations were 

assessed using Welch’s t-test and a two- sample ks-test to test for changes in the mean and 

distribution respectively.  

Basin Plan contribution analysis: A qualitative assessment of the contribution of environmental 

water to flows to terminal wetlands, drawing on reported outcomes for the LTIM Basin Scale 

Evaluations (Hale et al. 2020).  
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Attachment 2: Vegetation analysis 
approach 

Condition of water-dependent vegetation 
Indicator: The indicator for water-dependent vegetation (for lateral connectivity) is the condition of 

lowland floodplain forests and woodlands dominated by river red gum (Eucalyptus camaldulensis), 

black box (E. largiflorens) and coolibah (E. coolabah); as indicated by the stand condition model 

(Cunningham et al. 2009). 

Target (Basin Plan target): Up to 30 June 2019: Schedule 7 (1) There is no loss of, or degradation in … 

(e) condition, diversity, extent and contiguousness of native water-dependent vegetation. 

Baseline/Reference condition: Stand condition pre-Basin Plan (1987 to 2011)  

Condition analysis: 

Stand condition assessment tool 

The Stand Condition Tool Report is available on the MDBA website 2020 Evaluation: reports and data 

page. 

The condition of river red gum, black box and coolibah was assessed at the Basin scale using the 

stand condition assessment (SCA) tool (Cunningham et al. 2009). This tool combines satellite imagery 

of tree canopies with on-ground condition surveys to assign a condition rating to the Basin’s forests 

and woodlands. Areas of river red gum, black box and coolibah are proportionally assigned to one of 

five condition classes (good, moderate, poor, degraded and severely degraded). Outputs of the SCA 

tool are available for the whole Basin over the full Landsat archive (1987 to 2019), which enables 

analysis of how the condition has changed over time. Changes in tree condition were analysed using 

student t-tests to compare pre-Basin Plan (1987 to 2011) and post-Basin Plan (2014 to 2019) for each 

of the three species within 20 catchments across the Basin. 

Contribution analysis: The long-term intervention monitoring assessment of ecosystem diversity 

provides an indication of the proportion of vegetation communities dominated by trees that were 

inundated or ‘influenced’ by Commonwealth environmental water. These are defined as (Brooks 

2020): 

• Area inundated by Commonwealth environmental water = the sum of only the inundated 

areas of each wetland type, excluding the areas of wetlands that were not inundated. 

• Area influenced by Commonwealth environmental water = the sum of the all wetland areas 

that received water even if the inundation mapping showed that only a portion of the 

wetland was inundated. 

The contribution of the Basin Plan to maintaining vegetation condition has adopted the logic applied 

in Brooks (2020) as follows: 

https://www.mdba.gov.au/publications/mdba-reports/2020-evaluation-reports-data
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• For lakes and palustrine (smaller vegetated) wetlands, the total area influenced by 

Commonwealth environmental water is the appropriate measure of the contribution of 

Commonwealth environmental water to ecosystem diversity. This is because water entering 

one part of a wetland depression is likely to raise water levels or the local water table across 

the extent. 

• For floodplains, the area inundated by Commonwealth environmental water is used to 

measure the contribution of Commonwealth environmental water to ecosystem diversity. 

This more conservative measure is used for floodplains because floodplains occur as broad 

continuous expanses and the ecosystem response is generally limited to the wetted area. 
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Attachment 3: Waterbird analysis 
approach 

Colonial waterbird breeding and foraging habitat  
Indicator: Extent of open water, inundated vegetation and green vegetation as indicated by the 

Wetland Insight Tool (WIT) developed by GeoScience Australia (Dunn et al. 2019) at Ramsar sites in 

the Basin. This has been used as a surrogate for water habitat, in the absence of more defined 

indicators, noting that breeding and foraging habitat preferences vary between species. 

Target: The BWS (2019) does not contain a target for waterbird habitat.  

Baseline/Reference condition: Pre-Basin Plan data (as indicated by 2004 to 2011).  

Analysis: Assessment using the WIT for 33 wetlands within Ramsar sites in the Basin. Average of 

three categories—open water, inundated vegetation, green vegetation—was compared pre-Basin 

Plan (2004 to 2011) and post-Basin Plan (2012 to 2019) using a paired t-test. 

Contribution Analysis: The long-term intervention monitoring assessment of ecosystem diversity 

provides an indication of the area of lakes and wetlands inundated with Commonwealth 

environmental water (Brooks 2020) and the biodiversity evaluation looks at the effect of 

environmental water on Ramsar Sites. Contribution analysis has drawn on these sources. 

Colonial waterbird breeding  
Indicator: Colonial waterbird breeding events/opportunities (flow indicators, actual occurrence, and 

event size). 

Target (Basin Plan target): Up to 30 June 2019: 

Schedule 7 (1) There is no loss of, or degradation in: (f) recruitment and populations of native, water-

dependent species including vegetation, birds, fish and macroinvertebrates. 

BWS target: From 2024:  

Breeding events (the opportunities to breed rather than the magnitude of breeding per se) of colonial 

nesting waterbirds to increase by up to 50% compared to the baseline scenario (p. 45). 

Baseline/Reference condition: The baseline model data is an annual average of 3.4 breeding events 

(opportunities), measured by achievement of specific flow indicators or colonial waterbird breeding 

at a subset of Umbrella Environmental Assets. The target increases to an annual average breeding 

event (opportunities) of 5.2 breeding event opportunities from 2024.  

Condition analysis: Two lines of evidence were used to assess colonial waterbird breeding. The first 

was data from MDBA aerial waterbird surveys and Eastern Australian Surveys. 
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The second was a comparison of observed Site specific Flow Index for colonial waterbirds at a 

number of Basin wetlands since July 2012 with the expected number that would have occurred 

under baseline conditions given the prevailing climate that year. 

Contribution analysis: 

The analysis of Matter 9.3 environmental watering delivery was used to assess the Basin Plan 

contribution in colonial bird breeding since 2012. The following analyses were made:  

a. Volumes of environmental water delivered to 5 key waterbird sites (primary 

purpose) 

b. Overall volume of environmental water delivered for waterbird (primary AND 

secondary purpose) for Water Years ‘13-’14 to ‘18 - ‘19 inclusive 

c. Overall volume of environmental water by seasonality of watering event* 

d. Event count of Seasonality watering events* 

e. Duration of watering event length for Water Years ‘13-’14 to ‘18 - ‘19 inclusive 

f. Interrelationship of primary and secondary coded events (I.e. between vegetation 

and lateral events) 

g. Duration, seasonality and volume for Water Years ‘13-’14 to ‘18-’19 inclusive 

*Seasonality is determined by the season the majority of the watering occurs in. In cases of equal 

watering between seasons, then the start date determines the watering or in long-watering events, 

the first chronological equal majority season after the start date. 

** Duration is determined as <90 days = short, 90 – 199 days = medium and ≥ 120 days = long. 

The protection and delivery of environmental water is the strongest mechanism of the Basin Plan to 

support and protect ecological outcomes, hence the focus on Matter 9.3 reporting and 

environmental water delivery to assess the Basin Plan’s contribution to outcomes. 
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