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Foreword 
The Water Act 2007 requires that assessment of environmental water needs of 
the Basin must encompass key environmental assets, including water-dependent 
ecosystems, ecosystem services, and sites with ecological significance; key ecosystem 
functions; the productive base; and key environmental outcomes for the water 
resource. This task has never before been undertaken in the Murray–Darling Basin.

Not only have the environmental assets never been previously identified nor 
prioritised at Basin scale, but in many cases an assessment of their water needs has 
never been undertaken. Similarly, the water needs of ecosystem functions have not 
been considered holistically with assets at Basin scale, although they are increasingly 
recognised locally. Similarly, very little work had been done on ecosystem services, the 
productive base and key environmental outcomes.

From a surface-water perspective it is known that many of the environmental assets 
in the Murray–Darling Basin are hydrologically connected and interdependent 
— if we provide water for one asset we will provide water for many assets, both 
upstream and downstream. This water will also provide for floodplain and wetland 
ecosystem functions associated with environmental assets, as well as contributing 
to the ecosystem functions associated with the rivers and creeks connecting the 
assets together. This water will also provide for the broader environmental water 
requirements of ecosystem services, the productive base, and the key environmental 
outcomes for the water resource.

Recognising this hydrological interdependence, the MDBA has identified 18 
‘indicator’ assets that drive the environmental hydrology of the Basin. An example 
of the detailed information that the MDBA will provide for each of the 18 indicator 
assets is presented here, including our assessment of the objectives, targets and flow 
regimes required to sustain them. This data is a central input to the hydrological 
modelling platform, which in turn will generate an estimate of the long-term average 
sustainable diversion limits that will not compromise the water requirements for the 
rivers, wetlands and floodplains of the Basin.

The Murray–Darling Basin Authority will release the proposed Basin Plan in 
mid-2010 for a 16-week public consultation period. Further consultation with the 
Murray–Darling Basin Ministerial Council will follow, before the final Basin Plan 
is presented to the Commonwealth Minister for Climate Change, Energy Efficiency, 
and Water for adoption in mid-2011.

Rob Freeman

Chief Executive
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Overview
The Murray–Darling Basin Authority (MDBA) has been charged with developing 
a Basin Plan which, among other things, establishes and enforces environmentally 
sustainable limits on the taking of water across the whole Murray–Darling Basin, sets 
environmental objectives for Basin ecosystems which depend on water, and optimises 
economic, social and environmental outcomes. The Basin Plan must have regard to 
the fact that Basin water resources have been overallocated and overused, resulting in 
significant adverse environmental impacts, so that special measures are now needed 
to ensure the sustainable management of the Basin water resources. 

The environmentally sustainable level of take should not compromise key 
environmental assets (water-dependent ecosystems, ecosystem services and sites 
with ecological significance), ecosystem functions, environmental outcomes, or 
the productive base. To establish this, MDBA must reach a view, based on the best 
available science, of how much water these functions, processes and outcomes need.

Assessing the environmental water requirements of the Murray–Darling Basin is 
conceptually a simple task:

•	 start with identification of the key environmental assets and key ecosystem 
functions

•	 determine their water requirements
•	 input these into the modelling platform to generate possible Sustainable 

Diversion Limit scenarios at Basin and regional scales
•	 using these SDL scenarios, assess the socioeconomic impact, thereby providing 

insight that may influence judgments on the scale and origin of environmental 
water requirements that, put through the modelling platform, generate alternative 
SDL scenarios.

Where options are available, optimisation of social, economic and environmental 
considerations will result from the iteration of this cycle.

The simplicity of this conceptual cycle belies the underlying complexity of the issues. 

This document
The purpose of this document is to:

•	 outline the approach that the MDBA is taking to determining the scale of change 
required (see Figure 1)

•	 present a list of 18 indicator key environmental assets (see Figure 3) which are 
being used to inform the development of the Sustainable Diversion Limits (SDLs)

•	 present detailed results for 3 of the 18 indicator sites: the Barmah–Millewa 
Forest, Macquarie Marshes, and the Riverland–Chowilla Floodplain. 

Indicator key environmental assets are important inputs to the determination of 
environmental water requirements together with key environmental functions. While 
the results of key ecosystem functions analysis are not included in this report, a brief 
overview of the approach is presented for completeness.

Once the aggregate environmental water is determined its management will be set 
out in the new arrangements, in particular by the Environmental Watering Plan. 
The Environmental Watering Plan will include the principles to be applied, methods 
to be used to determine the priorities for applying environmental water, and an 
environmental watering framework.

Finally, it is important to note that the identification of key environmental assets and 
ecosystem functions has been undertaken across all water-dependent ecosystems, 
including surface-water and groundwater systems. However, due to the inherent 
differences in the characteristics and knowledge base of these systems, different 
methods have been applied in groundwater and surface-water resources. This 
document focuses on the application of the method to surface-water resources. 
The proposed Basin Plan will provide a more thorough treatment of groundwater 
resources, including an assessment of groundwater dependence and risk to the 
indicator key environmental assets.
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Environmental assets

Defining environmental assets
Environmental assets are defined by the Water Act 2007 (Cwlth) to include:

•	 water-dependent ecosystems;
•	 sites with ecological significance; and
•	 ecosystem services.

The Water Act defines water-dependent ecosystems as surface-water ecosystems or 
groundwater ecosystems, including their natural components and processes that 
depend on periodic or sustained inundation, waterlogging or significant inputs of 
water for their ecological integrity and include an ecosystem associated with any of 
the following:

•	 a wetland
•	 a stream and its floodplain
•	 a lake or a body of water (whether fresh or saline)
•	 a salt marsh
•	 an estuary
•	 a karst system
•	 a groundwater system.

The Water Act also states that any reference to a water-dependent ecosystem includes 
a reference to the biodiversity of the ecosystem.

The Millennium Ecosystem Assessment (2005) defines ecosystem services as the 
benefits people obtain from ecosystems. These include provisioning services such 
as food and water; regulating services such as regulation of floods, drought, land 
degradation and disease; supporting services such as soil formation and nutrient 
cycling; and cultural services such as recreational, spiritual, religious, and other non-
material benefits.

What is a key environmental asset?
The starting-point for determining the environmental water requirements of the 
Basin is to identify key environmental assets.

The Water Act provides guidance on what key environmental assets should 
encompass. Section 21(1) of the Act provides that the Basin Plan (including any 
environmental watering plan) must give ‘effect to relevant international agreements 
(to the extent to which those agreements are relevant to the use and management of 
the Basin water resources)’. Key environmental assets are an important component 
of the Environmental Watering Plan and as such are relevant to the use and 
management of the Basin water resources. Mention is made to ‘promote the 
conservation of declared Ramsar wetlands’ in Section 21(3)(b) and in section 3(b) ‘to 
give effect to relevant international agreements’. 

Relevant international agreements are defined in section 4 of the Act as:

•	 the Convention on Wetlands of International Importance especially as Waterfowl 
Habitat done at Ramsar, Iran on 2 February 1971 (‘the Ramsar Convention’)

•	 the Convention on Biological Diversity done at Rio de Janeiro on 5 June 1992 
(‘the Biodiversity Convention’)

•	 the Convention on the Conservation of Migratory Species of Wild Animals done 
at Bonn on 23 June 1979 (‘the Bonn Convention’)

•	 the Agreement between the Government of the Australia and the Government 
of the People’s Republic of China for the Protection of Migratory Birds and their 
Environment done at Canberra on 20 October 1986 (‘CAMBA’)

•	 the Agreement between the Government of Australia and the Government of 
Japan for the Protection of Migratory Birds and Birds in Danger of Extinction 
and their Environment done at Tokyo on 6 February 1981 (‘JAMBA’)
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•	 the Agreement between the Government of Australia and the Government of the 
Republic of Korea on the Protection of Migratory Birds done at Canberra on 6 
December 2006 (‘ROKAMBA’)

•	 the United Nations Convention to Combat Desertification in those Countries 
Experiencing Serious Drought and/or Desertification, Particularly in Africa done 
at Paris on 17 June 1994 (‘the Desertification Convention’)

•	 the United Nations Framework Convention on Climate Change done at New 
York on 9 May 1992 (‘The Climate Change Convention’).

Section 3(d)(ii) states that an Object of the Act is to protect, restore and provide 
ecological values and ecosystem services ... (taking into account ... the impact that 
the taking of water has on watercourses, lakes, wetlands, ground water and water-
dependent ecosystems, that are part of the Basin water resources and on biodiversity 
...). Section 21(2)(b) states that the Basin Plan must promote sustainable use of the 
Basin water resources to protect and restore ecosystems, natural habitats and species 
that are reliant on the Basin water resources and to conserve biodiversity, and in 21(2)
(c)(ii) includes ‘all other key environmental sites within the Murray–Darling Basin’. 

To determine the ‘key’ environmental assets, five criteria were established. With 
regard to the above international obligations, the criteria to determine if a water-
dependent ecosystem is to be considered key were developed in broad alignment with 
the National Framework and Guidance for Describing the Ecological Character of 
Australian Ramsar Wetlands and the draft criteria for identifying High Conservation 
Value Aquatic Ecosystems (diversity, distinctiveness, vital habitat, evolutionary 
history, naturalness and representativeness).

The five criteria are:

Criterion 1 — The water-dependent ecosystem is formally recognised in, and/or 
is capable of supporting species listed in, international agreements.

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

Criterion 3 — The water-dependent ecosystem provides vital habitat.

Criterion 4 — The water-dependent ecosystem supports Commonwealth-, state- 
or territory-listed threatened species and/or ecological communities.

Criterion 5 — The water-dependent ecosystem supports or is capable of 
supporting significant biodiversity.

Compiling environmental assets
A list of potential key environmental assets was compiled using existing international, 
Commonwealth and state/territory data sources including (but not limited to):

•	 Wetlands listed under the Ramsar Convention
•	 Wetlands listed on the Directory of Important Wetlands of Australia
•	 High Conservation Value Aquatic Ecosystem sites 
•	 Icon sites established under The Living Murray Initiative
•	 Published and unpublished literature e.g. jurisdiction management plans
•	 Spatial databases e.g. the Environment Protection and Biodiversity Conservation 

Act (1999) threatened species spatial layer.

The MDBA assessed each of the potential key environmental assets against the 
five criteria. In addition, state and territory government agencies and catchment 
management organisations were asked to contribute to the development of the list of 
potential environmental assets. 
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Assessing key environmental assets

Criterion 1
The water-dependent ecosystem is formally recognised in, and/or is capable of 
supporting species listed in, international agreements.

Achievement indicators: the water-dependent ecosystems must be:

•	 listed under the Ramsar Convention; and/or
•	 include at least one species listed in at least one of the following international 

agreements:
•	 the Agreement between the Government of the Australia and the Government 

of the People’s Republic of China for the Protection of Migratory Birds and their 
Environment done at Canberra on 20 October 1986 (‘CAMBA’)

•	 the Agreement between the Government of Australia and the Government of 
Japan for the Protection of Migratory Birds and Birds in Danger of Extinction 
and their Environment done at Tokyo on 6 February 1981 (‘JAMBA’)

•	 the Agreement between the Government of Australia and the Government of the 
Republic of Korea on the Protection of Migratory Birds done at Canberra on 6 
December 2006 (‘ROKAMBA’)

Rationale: The Act requires that the Basin Plan be developed so as to give effect to 
relevant international agreements. This includes, but is not limited to, the Ramsar 
Convention, the Japan–Australia, China–Australia and Republic of Korea–Australia 
migratory bird agreements, the Bonn Convention and the Biodiversity Convention.

The Bonn Convention covers all migratory species e.g. blue whales. Acting on legal 
advice, it was determined that the species which are water-dependent and relevant 
to the Murray–Darling Basin under the Bonn Convention are covered by the 
Japan–Australia, China–Australia and Republic of Korea–Australia migratory bird 
agreements. Therefore when an asset fulfils criterion 1 by supporting Japan–Australia, 
China–Australia and Republic of Korea–Australia migratory bird agreement species, 
commitments under the Bonn Convention are also being fulfilled.

The Biodiversity Convention is another international agreement relevant to the Basin 
Plan. Acting on legal advice, it was determined that by assessing assets using the five 
criteria, which have regard to Annex 1 of the Biodiversity Convention, the Authority 
would be fulfilling Australian commitments under this agreement.

Method of assessment: The list of potential key environmental assets was 
qualitatively assessed against this criterion. If the source documentation and data 
claimed that site was Ramsar or supported Japan–Australia, China–Australia 
and Republic of Korea–Australia migratory bird agreement species, then the asset 
automatically fulfilled this criterion. 

Largely, Ramsar sites are well documented and were straightforward to assess under 
this criteria. For some potential assets the Japan–Australia, China–Australia and 
Republic of Korea–Australia migratory bird agreements were specifically mentioned; 
however, for others only species lists were given. In this case, species lists were cross-
referenced with the lists in the international agreements to determine if there were 
any matches.

Each of the jurisdictions provided environmental assets that met this criterion using 
varying methods. New South Wales reviewed Ramsar site information as well as data 
sources for historical visitation of known sites by Japan–Australia, China–Australia 
and Republic of Korea–Australia migratory bird agreement species. Queensland 
used the Aquatic Biodiversity Assessment and Mapping Method (AquaBAMM) and 
the resultant Aquatic Conservation Assessment to determine which assets supported 
the Japan–Australia, China–Australia and Republic of Korea–Australia migratory 
bird agreements.
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Criterion 2
The water-dependent ecosystem is natural or near-natural, rare or unique.

Achievement indicators: The water-dependent ecosystems must:

•	 represent a natural or near-natural example of a particular type, as evidenced by a 
relative lack of human-induced hydrological disturbance and/or adverse impacts 
on ecological character; or

•	 represent the only example of a particular type in the Basin; or
•	 represent rare or unique examples of a particular type in the Basin.

Rationale: This criterion provides the mechanism to identify water-dependent 
ecosystems that have to date been maintained in good condition. These natural 
or near-natural water-dependent ecosystems play a critical role in long-term 
biodiversity conservation, which is a component of the relevant obligations under 
the Biodiversity Convention. This criterion also captures those water-dependent 
ecosystems that are unique or the only remaining example in the Basin (for example 
the Coorong estuary).

Method of assessment: To establish near-natural or natural, rare or unique assets, a 
detailed classification and regionalisation process is required to differentiate between 
assets. This does not currently exist consistently across the Murray–Darling Basin.

Instead, the compiled list of potential key environmental assets was assessed against 
this criterion in a qualitative sense. If the source documentation or data which 
described the asset asserted that the site was natural, near-natural, unique or rare, 
then the asset fulfilled this criterion. Due to the different methods across the Basin 
for classifying assets, other terms were accepted in the assessment process as evidence 
for assets to fulfil this criterion; representative, good example, undisturbed, regionally 
unique or rare and good condition. Assets which were listed on the National Estate 
also fulfilled this criterion.

Jurisdictions provided environmental assets that met this criterion. New South 
Wales used an expert panel to review available evidence and score their known 
assets in regards to condition and disturbance. They also conducted a Basin-
wide analysis of ecosystem types that occur within the nominated list of assets to 
determine rare or uniqueness. Queensland used the AquaBAMM and the Aquatic 
Conservation Assessment criteria Naturalness (aquatic), Naturalness (catchment) 
and representativeness to determine which assets met this criterion. Queensland also 
used expert panel information to determine uniqueness in some cases. Victoria used 
several of their aquatic condition indicators to determine which assets were natural or 
near natural, rare or unique.

Criterion 3
The water-dependent ecosystem provides vital habitat.

 Achievement indicators: The water-dependent ecosystems must provide habitat 
vital for the survival of a water-dependent species, population or ecological 
community (the environmental asset may include breeding, nursery and feeding sites, 
movement and migration pathways, and refuges). In particular, the water-dependent 
ecosystem must:

•	 provide refuge for native water-dependent biota during dry spells and drought; or
•	 provide pathways for the dispersal and migration of native water-dependent biota; 

or
•	 provide important feeding, breeding and nursery sites for native water-dependent 

biota; or are essential for maintaining (and preventing declines of) native water-
dependent biota.

Rationale: The identification of vital habitat that allows for important life-cycle 
stages such as breeding, migration, dispersal and colonisation is a core component 
of the relevant obligation under the Biodiversity Convention. The maintenance 
of refuges is also vital in providing a source for recolonisation elsewhere following 
disturbance (e.g. drought). The application of this criterion is not limited to life 
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history stages of threatened species. This criterion acknowledges the ephemeral nature 
(both spatially and temporally) of the biodiversity of the Basin and aims to ensure 
areas important for the long-term retention of biodiversity (such as drought refuges 
and source populations) are retained.

Method of assessment: The list of potential key environmental assets was 
qualitatively assessed against this criterion. If the source documentation or data 
claimed that the site was important for bird breeding, fish spawning, fish or bird 
migration or as a drought refuge, then the asset automatically fulfilled this criterion.

Jurisdictions provided environmental assets that met this criterion. New South 
Wales used an expert panel to review available data for sites that provide drought 
refuge, that maintain populations, that provide corridors for movement and that 
are important for breeding. Queensland used the AquaBAMM and the Aquatic 
Conservation Assessment criteria Priority Species and Ecosystems and Special 
Features — Habitat. Queensland also used wetland mapping to identify waterholes 
capable of acting as drought refuges. Further refuges were nominated by expert panel. 

Criterion 4
The water-dependent ecosystem supports Commonwealth-, state- or territory-listed 
threatened species and/or ecological communities.

Achievement indicator: Must include water-dependent ecosystems that:

•	 are listed as threatened under relevant Commonwealth, state or territory 
legislation or relevant processes; or

•	 support one or more threatened native water-dependent species listed under 
relevant Commonwealth, state or territory legislation.

Rationale: This criterion identifies the ecosystems that support species and ecological 
communities listed under relevant Commonwealth, state or territory legislation. It is 
the core component of the relevant obligation under the Ramsar Convention and the 
Biodiversity Convention.

Method of assessment: The data sets supporting wetlands listed under the 
Environment Protection and Biodiversity Conservation Act was acquired from 
the Department of Environment, Water, Heritage, and the Arts. These data sets 
were collated for matters of National Environmental Significance and identified as 
distribution classes of threatened species and ecological communities. Only those 
instances of ‘known’ or ‘likely’ occurrence were retained (i.e. any occurrence flagged 
as ‘may’ was not considered). This principle was developed after discussions with the 
data custodians at the Department of Environment, Water, Heritage, and the Arts. 
The assessment of the Department of Environment, Water, Heritage, and the Arts 
Environment Protection and Biodiversity Conservation data precluded most of the 
fish species data, thus a separate project was developed to identify fish asset location. 
From a jurisdictional perspective, assets (listing species and ecological communities) 
were reviewed and only those considered to be water-dependent were retained, the 
rest were excluded from further consideration. The fauna and ecological community 
component of the data was analysed to assess which of these are water-dependent. 
Each of the species/community polygons for the above data was overlaid with the 
river and streams (Aushydro) and inundation (Kingsford) data, giving stream and 
floodplain locations of each of the assets.

Each jurisdiction used their relevant databases to identify the potential key 
environmental assets that contain threatened species and communities.
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Criterion 5
The water-dependent ecosystem supports or is capable of supporting significant 
biodiversity.

Achievement indicators:  The water-dependent ecosystem must meet at least one of 
the following:

Must include water-dependent ecosystems that:

•	 support significant numbers of individuals of native water-dependent species; or
•	 support significant levels of native biodiversity, at the genus and family taxonomic 

level, as well as that of communities.

Rationale: This criterion is considered necessary to fulfil the remaining component 
of the relevant obligations under the Biodiversity Convention. It provides for the 
identification of assets supporting large numbers of species or subspecies which 
provide a source for recolonisation elsewhere following disturbance, as well as 
those assets displaying high levels of taxonomic diversity. Inclusion of such sites is 
important in providing for the long-term viability of the Basin’s biodiversity.

Method of assessment: Applying this criterion was hampered by lack of information 
relating to species numbers and populations sizes. Outside Ramsar sites, this 
information is not widely available and the available figures are often based on 
dated material. Also, the term ‘significant’ was not firmly defined during the time of 
assessment, which made applying the criterion in a consistent manner more difficult. 
When assessing potential key assets against this criterion if the source documentation 
or data which described the asset asserted that the site supported a certain percentage 
of a species or sub-species, populations which are significant under the Ramsar 
convention, a high number of species or a population of genetically diverse or unique 
individuals, the asset fulfilled this criterion. Further, if the source documentation 
stated that the area was a biodiversity hotspot, the asset fulfilled this criterion also.

Jurisdictions provided assets that met this criterion. New South Wales assessed which 
assets supported unusually large numbers of individuals or areas. They also relied 
on taxonomic specialists to identify areas of endemism for particular groups of fish 
and invertebrates on a Basin-wide scale. Queensland used the AquaBAMM and the 
Aquatic Conservation Assessment criteria Diversity and Richness and Priority Species 
and ecosystems to determine which assets met this criterion. 

Identifying indicator key environmental assets
Applying the five criteria, at Basin scale, generates a list of candidate key 
environmental assets. There is little or no information or scientific evidence 
upon which to determine water requirements for a significant number of the 
environmental assets.

Furthermore, many of the environmental assets sit outside the geographical limits of 
the hydrologic modelling platform, or have water requirements which overlap. It is 
not possible, nor appropriate, to determine the environmental water requirements of 
the Basin by simply considering the water requirements of the environmental assets.

From a surface-water perspective it is known that many of the environmental assets 
in the Murray–Darling Basin are hydrologically connected and interdependent — if 
we provide water for one asset, we will provide water for many assets, both upstream 
and downstream. 

The principles used to identify appropriate indicator assets were as follows:

1 The asset achieves one or more of the criteria for determining key environmental 
assets

2 The asset has a knowledge base from which it is possible to estimate 
environmental water requirements

3 The asset requires flows at the high end of the flow regime
4 In a regional context the asset has a large environmental water requirement
5 The group of assets provide a geographic spread across the Murray–Darling Basin
6 The group of assets avoid overlap and repetition in environmental water 

requirements.
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Principles 4, 5 and 6 are important if the indicator assets are to provide the best 
possible input to the determination of a sustainable diversion limit. Collectively these 
criteria mean the indicator assets can provide an input that will be representative of 
the needs of the broader suite of high flow dependent key environmental assets across 
the Basin.

As the objective was to identify the volume of water to be moved to the environment, 
the analysis was focused in areas where additional environmental water is required 
relative to current use. The 18 indicator assets selected for determination of 
environmental water requirements are: 

•	 Barmah–Millewa Forest
•	 Booligal Wetlands
•	 The Coorong, Lower Lakes and Murray Mouth
•	 Edward–Wakool River system (including Werai Forest)
•	 Great Cumbung Swamp
•	 Gunbower–Koondrook–Perricoota Forests
•	 Gwydir Wetlands
•	 Hattah Lakes
•	 Lachlan Swamps
•	 Lower Balonne River Floodplain System (includes the Culgoa, Ballandool, Birrie, 

Bokhara, Briarie and Narran Rivers).
•	 Lower Darling River System (includes the Menindee Lakes, the Darling River 

and the Darling Anabranch)
•	 Lower Goulburn River Floodplain
•	 Lower Murrumbidgee River Floodplain
•	 Macquarie Marshes
•	 Mid-Murrumbidgee River Wetlands
•	 Narran Lakes 
•	 Riverland–Chowilla Floodplain (includes Lindsay, Wallpolla and Mulcra Islands)
•	 Wimmera River Terminal Wetlands.

Most of these 18 indicator assets are large, have a broad range of habitat types and are 
located low within their corresponding catchments.

Ecological objectives and targets
The first step in determining environmental water requirements for the indicator 
assets was to develop environmental objectives and targets. Adopting a set of 
objectives and targets aimed at improving the indicator asset also serves to ensure that 
the ensuing environmental water requirement is representative of that required for all 
key environmental assets. A suite of standard and relatively high-level objectives were 
developed to align with the criteria for determining key environmental assets and the 
requirements of the Water Act. These objectives are:

•	 To conserve Ramsar wetlands consistent with their ecological character 
(criterion 1);

•	 To protect and restore water-dependent ecosystems that support migratory birds 
listed in international agreements (criterion 1).

•	 To protect and restore natural or near-natural, rare or unique water-dependent 
ecosystems (criterion 2).

•	 To protect and restore water-dependent ecosystems that provide vital habitat 
(criterion 3).

•	 To protect and restore water-dependent ecosystems that support 
Commonwealth-, state- or territory-listed threatened species and/or ecological 
communities (criterion 4).

•	 To protect and restore water-dependent ecosystems that support or are capable of 
supporting significant biodiversity (criterion 5).



xvi Assessing environmental water needs of the Basin 

Objectives selected for each indicator asset were dependent on the criteria for which 
they were considered to be ‘key’.

More specific ecological targets were then determined to meet these objectives and 
to allow the determination of environmental water requirements. The targets relate 
to a number of ecological components including vegetation, wetlands, waterbirds 
and fish. Many targets are focused on significant vegetation communities (or habitat 
types) that are relevant to the objectives, recognising the role that these habitat types 
play in supporting the flora and fauna associated with the objectives.

Where the targets associated with habitat types or vegetation communities were 
considered to provide a flow regime sufficient to meet the needs of the biota 
represented in the objectives then no further targets were specified. Where it was 
considered that the biota represented in the objectives would require additional flows 
then additional targets were specified. 

Flow regimes were specified to meet the ecological targets. The flow regimes are 
composed of multiple flow events which individually relate to one or more targets. 
The flow events are specified in terms of:

•	 Either a flow threshold or total flow volume
•	 The required duration for that flow threshold, or duration over which the volume 

should be delivered
•	 the required timing (seasonality) of the event (if important)
•	 the required frequency of occurrence
•	 a maximum period between events.

There is often uncertainty regarding the specific water requirements of biota, 
particularly the required frequency of flooding. The objectives and targets can also be 
interpreted differently. Recognising the combination of these uncertainties, ‘low-risk’ 
and ‘high-risk’ frequency of occurrence values have been specified. For the low-risk 
frequency there is a high likelihood that the environmental objectives and targets will 
be achieved. The high-risk frequency is considered to represent a boundary beyond 
which there is a high likelihood that the objectives and targets will not be achieved. 

The first step in determining the flow events was to determine the flow or volume 
thresholds relating to the specific objectives (e.g. the flow required to inundate a 
certain vegetation community). These were determined from known inundation/
flow relationships (either documented or expert opinion). The duration, frequency 
and timing of the flow events were then determined based on the requirements of the 
biota represented in the targets using as much detailed site specific information as 
was available. Flow data were assessed to ensure the adopted figures were sensible in 
the regional context. This showed that duration and timing of flow events vary across 
the Basin owing to spatial variation in climate and hydrology. Where site specific 
information was unavailable patterns or relationships observed from other sites were 
used to estimate appropriate values.

Testing and Basin Plan flow regime generation
Once the specific environmental water requirements were established for each 
indicator asset, they were scrutinised by assessing them against a without 
development and current arrangements flow time series (for the period 1895 to 
2009), as output from the hydrological models. This quality assurance step was 
undertaken to ensure the flow events specified were sensible in comparison to 
without development and current arrangements. The frequency of occurrence of the 
events under without development and current arrangements were also reported to 
provide context.
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Presentation of environmental water requirements
The flow regimes representing the environmental water requirements are shown 
in tabular and graphical form. The graphical form is a means of showing how 
the environmental water requirements relate to without development and current 
arrangements and flows over the last 10 years. To assist readers to understand the 
graphs, an explanation is provided in Figure 2.

Proportion of years event occurs between 1895 and 2009 
under modelled without development (1895) conditions

Proportion of years event occurs under low environmental 
risk scenario

Proportion of years event occurs under high environmental 
risk scenario

Proportion of years event occurs between 1895 and 2009 
under modelled current arrangements (2009) conditions

Proportion of years event occurs over past 10 years under 
modelled without development (1895) conditions

Proportion of years event occurs over past 10 years under 
modelled current arrangements (2009) conditions

This is flow event required to achieve one or more of the 
environmental targets

Flow event 
description

Proportion of years 
event occurs (%)

Figure 2  Explanation of the box plot graphs used to present the environmental water requirements
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Other elements of environmental water 
requirements — ecosystem functions
The Water Act does not define key ecosystem functions and scientific literature 
provides a diversity of definitions. The term ecosystem process is also often used 
interchangeably. The National Framework and Guidance for Describing the 
Ecological Character of Australian Ramsar Wetlands (Department of Environment, 
Water, Heritage, and the Arts 2008) defines ecosystem processes as the dynamic 
forces within an ecosystem. They include all those processes that occur between 
organisms and within and between populations and communities, including 
interactions with the non-living environment that result in existing ecosystems and 
bring about changes in ecosystems over time (Australian Heritage Commission 
2002). Examples of ecosystem functions include (Department of Environment, 
Water, Heritage, and the Arts 2008):

•	 Primary production
•	 Nutrient cycling
•	 Carbon cycling
•	 Decomposition
•	 Reproduction
•	 Migration
•	 Dispersal
•	 Sedimentation
•	 Erosion

Given that the 18 indicator key environmental assets are predominantly floodplains 
and wetlands that require overbank flows, their water requirements will also achieve 
broader ecosystem function outcomes associated with floodplains and wetlands. 
Recognising this, the method for determining the environmental water requirements 
for key ecosystem functions has focused predominantly on ecosystems functions that 
occur in river systems of the Basin.

Ecosystem functions in the Basin were identified by reviewing the scientific 
literature on ecosystem functions, and their relevance to the Murray–Darling Basin. 
The 14 key ecosystem functions were identified through this analysis and grouped 
into one of three major riverine physical processes driven by flow and geomorphology. 
This grouping assisted in linking stream type and flow components to be linked with 
the key ecosystem functions. 

a)   The creation and maintenance of bed, bank and riparian habitats

1 Disturbance through cease-to-flow periods
2 Disturbance and wetting through bankfull and overbank flows
3 Provide wetted habitat diversity in pool environments
4 Provide wetted habitat in riffle and run environments
5 Provide appropriate wetted habitat heterogeneity within a reach 
6 Provide in-channel habitat features within a reach.

b)    The mobilisation, transport and dispersal of biotic and abiotic materials 
(sediment, nutrients and organic matter)

7 Organic and inorganic sediment delivery to downstream reaches 
8 Sediment delivery to and from floodplains
9 Dilute carbon and nutrients from litter and soil on the floodplain returned to 

the river systems.
c)   Lateral and longitudinal connectivity

10 Dispersal of aquatic communities (including drift)
11 Recolonisation of aquatic fauna and flora communities
12 Migration to fulfil requirements of life-history stages 
13 Foraging of aquatic species
14 Instream primary production by periphyton, phytoplankton and biofilms.
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Results of environmental water requirements for key ecosystem functions are not 
presented in this report. However, this will be an important input to the development 
of SDLs. 

Sustainable Diversion Limit (SDL) methodology 
Translation of the environmental water requirements (flow regimes) into initial 
estimates of SDLs requires water planning models. Models, developed largely by the 
Basin States, exist for all major river systems and groundwater systems. The Murray–
Darling Basin Authority is relying heavily on state surface-water models, with 
less-extensive use of groundwater models, in the development of the Basin Plan. The 
modelling platform uses existing state models and connects them together to provide 
a Basin-scale modelling capability. However, it is important to note that not every 
region of the Basin is modelled, nor is every aspect of the surface and groundwater 
systems modelled.

In terms of setting a sustainable diversion limit for a region, it is not only the 
environmental water requirements within that region which are significant, but also 
the contribution that the region must make to meeting downstream environmental 
water requirements. This means that, while a specific region may not contain one of 
the 18 ‘indicator’ key environmental assets, its high flow regime will be influenced by 
the needs of downstream indicator assets. In regions with an indicator asset, the need 
to supply downstream indicator assets may also mean that the high flow regime must 
exceed that required by the local indicator asset. The hydrologic modelling is the 
mechanism being used to assess these interactions. 

Emanating from the modelling will be a possible SDL scenario, and a variety of 
other elements that ensure the environmental water requirements of the Basin can 
be satisfied. In general terms, these model outputs will be used to generate Water 
Resource Plan requirements, with which the states must comply. Careful attention 
will be given to ensure an appropriate balance of detailed specifications, to meet 
the objectives of the Basin Plan, and flexibility, to allow further optimisation of the 
arrangements by states in the preparation of their Water Resource Plans. 

Social and economic assessments and 
optimisation
To support the SDL process, social and economic impacts are being assessed at a 
range of scales including at the Basin, regional and for 14 smaller irrigation areas 
where the potential impacts to changes in water availability are considered to be 
the greatest.

Economic modelling will provide information on the direct impacts on agricultural 
industries, identifying changes in the value of irrigated agricultural production, land 
use and water use and the flow-on economic impacts at a regional, Basin, state and 
national level. The work will also provide information on changes in employment 
by industry sector at a regional, Basin, state and national level; identify the major 
implications of a potential change in the variability of irrigation water supplies on the 
level and mix of irrigated activities in the Basin; and identify regions and towns that 
may be particularly vulnerable to a reduction in irrigation activity.

Issues and uncertainties
It is important to note the preliminary nature of this information, which is provided 
as a means of informing stakeholders. It is anticipated that further refinement will 
occur as a result of the proposed Basin Plan statutory consultation process.

The MDBA has used best available scientific information and knowledge to underpin 
the assessment of environmental water requirements of the Basin. Much of this 
material is prepared by government agencies, non-government organisations, industry 
associations, and others and has not been subjected to independent peer review. 
Where ‘peer-reviewed science’ is available, the MDBA has given this higher credence.
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A key issue in application of this approach to determining environmental water 
requirements has been the availability of underlying data and knowledge. In 
particular:

•	 there is uncertainty inherent in the data available to determine and map key 
environmental assets

•	 there is often very limited and inconsistent ecological and hydrological 
information available to estimate environmental water requirements.

These issues will be addressed over the coming years and incorporated into future 
reviews of the Basin Plan to reflect changes in the best available scientific knowledge.
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Macquarie–Castlereagh region

Chapter 1

Macquarie Marshes

Disclaimer
This document has been prepared by the Murray–Darling Basin Authority for 
information purposes using the best efforts to ensure that the material it presents 
is current and accurate. The opinions, comments and analysis (including those of 
third parties) expressed in this document are for information purposes only. This 
document does not indicate the Murray–Darling Basin Authority’s commitment 
to undertake or implement a particular course of action, and should not be relied 
upon in relation to any particular action or decision taken. Users should note 
that developments in Commonwealth policy, input from consultation and other 
circumstances may result in changes to the approaches set out in this document.
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The Macquarie Marshes are large and diverse wetland systems which 
have supported some of Australia’s largest waterbird breeding events. The 
marshes provide essential habitat for hundreds of species of animals and 
plants, and also provide an important refuge for wildlife during dry times 
(NSW Department of Environment, Climate Change and Water 2009a). 

The Macquarie Marshes key environmental asset covers approximately 200,000 ha. 
The Macquarie Marshes Nature Reserve covers 18,505 ha, less than 10% of the 
marshes, and it consists of two marshes, North Marsh (12,214 ha) and South Marsh 
(6,291 ha) (Figure 1.1). The nature reserve was listed as a Ramsar site in 1986. To 
the east of South Marsh is the Wilgara Wetland, consisting of approximately 583 ha. 
Located on private property in the Gum Cowal Terrigal Creek system, Wilgara 
Wetland was listed as a Ramsar site in 2000 (NSW Department of Environment, 
Climate Change and Water 2009a).

1.1  Values
The Macquarie Marshes asset meets all five key environmental asset criteria.

Criterion 1 The water-dependent ecosystem is formally recognised 
in, and/or is capable of supporting species listed in, 
international agreements.

Sections of the Macquarie Marshes (North Marsh, South Marsh and Wilgara 
nature reserves) are listed as wetlands of international importance under the Ramsar 
Convention (1971).

Protection of the Macquarie Marshes will assist in meeting the objectives and 
obligations under the Convention on Biological Diversity (1993).

Migratory birds listed under Japan–Australia, China–Australia and Republic 
of Korea–Australia migratory bird agreements and in the Convention on the 
Conservation of Migratory Species of Wild Animals (the Bonn Convention) have 
been recorded in the Ramsar sites and in the broader Macquarie Marshes (Keyte & 
Johnson 1997, 1998, 1999, 2000). Species recorded include:

•	 Australasian shoveler (Anas rhynchotis)
•	 Australian hobby (Falco longipennis) 
•	 peregrine falcon (F. peregrinus)
•	 Australian shelduck (Tadorna tadornoides)
•	 banded lapwing (Vanellus)
•	 masked lapwing (V. miles)
•	 brown goshawk (Accipiter fasciatus)
•	 Caspian tern (Sterna caspia)
•	 cattle egret (Ardea ibis) 
•	 great egret (A. alba)
•	 chestnut teal (Anas castanea) 
•	 Pacific black duck (A. superciliosa)
•	 collared sparrowhawk (Accipiter cirrhocephalus)
•	 common greenshank (Tringa nebularia)
•	 marsh sandpiper (T. stagnatilis)
•	 common sandpiper (Actitis hyoleucos)
•	 common tern (Sterna hirundo)
•	 glossy ibis (Plegadis falcinellus)
•	 hardhead (Aythya australis)
•	 Latham’s snipe (Gallinago hardwickii)
•	 little eagle (Hieraaetus morphnoides)
•	 musk duck (Biziura lobata)
•	 painted snipe (Rostratula benghalensis)
•	 pink-eared duck (Malacorhynchus membranaceus)
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•	 red-kneed dotterel (Erythrogonys cinctus)
•	 sharp-tailed sandpiper (Calidris acuminate)
•	 spotted harrier (Circus assimilis)
•	 swamp harrier (C. approximans) 
•	 whistling kite (Haliastur sphenurus)
•	 white-bellied sea-eagle (Haliaeetus leucogaster).

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

The Macquarie Marshes are one of the largest inland semi-permanent wetlands in 
south-east Australia. They are representative of an inland floodplain wetland in the 
Murray–Darling Basin that relies on water from a higher rainfall upper catchment 
and has extensive and changeable wetlands in its semi-arid lowland reaches. 
The Macquarie Marshes asset is unique in terms of both its size (approximately 
200,000 ha) and diversity of wetland types.

Criterion 3 The water-dependent ecosystem provides vital habitat.

The Ramsar wetlands within this asset represent highly significant habitat for 
colonially breeding waterbirds. They are one of the few places in Australia that 
support large breeding colonies of straw-necked ibis (Threskiornis spinicollis) 
and one of only a few sites in New South Wales where magpie geese (Anseranas 
semipalmata) breed. The wetlands also support some of the largest breeding colonies 
of intermediate egret (Ardea intermedia), rufous night heron (Nycticorax caledonicus) 
and royal spoonbill (Platalea regia) in southern Australia, as well as a rich diversity of 
other waterbirds such as cormorants, herons, spoonbills and ducks, many of which 
breed there.

In a region modified by agricultural activities, these remaining wetlands have become 
an important refuge for wildlife. They also represent important drought refuges when 
many other inland wetlands have dried.

Criterion 4  The water-dependent ecosystem supports Commonwealth-, 
state- or territory-listed threatened species and/or 
ecological communities.

This key environmental asset contains a number of species listed as threatened or 
endangered under Commonwealth, state or territory legislation:

•	 black-tailed aromatic pepper-cress (Lepidium hyssopifolia)
•	 Australasian bittern (Botaurus poiciloptilus)
•	 Australian bustard (Ardeotis australis)
•	 barking owl (Ninox connivens)
•	 black-breasted buzzard (Hamirostra melanosternon)
•	 black-chinned honeyeater (Melithreptus gularis gularis)
•	 black-necked stork (Ephippiorhynchus asiaticus)
•	 blue-billed duck (Oxyura australis)
•	 brolga (Grus rubicundus)
•	 brown treecreeper (Climacteris picumnus)
•	 bush stone-curlew (Burhinus grallarius)
•	 cotton pygmy goose (Nettapus coromandelianus)
•	 godwit (Limosa limosa)
•	 diamond firetail (Stagonopleura guttata)
•	 eastern freetail bat (Mormopterus norfolkensis)
•	 freckled duck (Stictonetta naevosa)
•	 glossy black-cockatoo (Calyptorhynchus lathami)
•	 greater painted snipe (Rostratula benghalensis australis)
•	 grey-crowned babbler (Pomatostomus temporalis)
•	 hooded robin (Melanodryas cucullata)
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•	 little pied bat (Chalinolobus picatus)
•	 magpie goose (Anseranas semipalmata)
•	 Major Mitchell’s cockatoo (Cacatua leadbeateri)
•	 osprey (Pandion haliaetus)
•	 painted honeyeater (Grantiella picta)
•	 red-backed button-quail (Turnix maculosa)
•	 red-tailed black-cockatoo (Calyptorhynchus banksii)
•	 silver perch (Bidyanus bidyanus)
•	 square-tailed kite (Lophoictinia isura)
•	 squirrel glider (Petaurus norfolcensis)
•	 stripe-faced dunnart (sminthopsis macroura)
•	 superb parrot (Polytelis swainsonii)
•	 turquoise parrot (Neophema pulchella)
•	 yellow-bellied sheathtail bat (Saccolaimus flaviventris).

Criterion 5 The water-dependent ecosystem supports or is capable of 
supporting significant biodiversity.

Depending on seasonal conditions, between 10,000 and 300,000 adult waterbirds 
rely on the Macquarie Marshes each year for shelter, food and breeding sites.

The Macquarie Marshes Ramsar site is located in the Darling Riverine Plains 
Bioregion. It supports the most extensive river red gum woodlands for waterbirds 
and woodland birds in the Murray–Darling Basin, common-reed reedbeds for many 
waterbirds and waders, and water couch marsh for waterbirds and frogs.

1.2  Hydrology
The Macquarie River drains through the Macquarie Marshes. The main tributaries 
of the river enter upstream of Narromine, and most of these enter upstream of 
the Burrendong Dam, the river’s largest storage. Downstream of Narromine, the 
Macquarie River flows onto the Darling Riverine Plain, where it develops distributary 
streams and extensive floodplain wetlands. 

The distributary streams flow north and north-west, joining the Bogan and Barwon–
Darling rivers. The Macquarie Marshes are formed approximately 50 km north 
of Warren by the Macquarie River channel; they extend approximately 120 km, 
proximal to Carinda (NSW Department of Environment, Climate Change and 
Water 2009b).

Flows in the Macquarie River and on the floodplain are constricted by the Marebone 
Choke, which refers to impediments (narrowing) downstream of Marebone Weir 
(NSW Department of Environment, Climate Change and Water 2009b ). Flows 
in the marshes are also affected by works (including banks, weirs, regulators and 
diversion channels) located from Marebone Weir to North Marsh. These works allow 
flood protection, erosion control and wetland stabilisation, and provide stock and 
domestic and irrigation water (NSW Department of Environment, Climate Change 
and Water 2009b).

Water is conveyed to the lower Macquarie Marshes for domestic and stock purposes 
by the Northern Macquarie Marshes bypass channel, constructed on the eastern side 
of the marshes. Flows in the channel are controlled by a regulator at its upstream 
end. Water passing through the marshes also provides stock and domestic water for 
the bottom end of the Macquarie River (Macquarie Cudgegong River Management 
Committee 2002).

Under normal flow conditions little water exits the marshes to reach the Barwon–
Darling. However, many flood runners and effluent channels flow around the 
marshes and the Bogan River drains, largely unhindered, to the Barwon–Darling 
(Australian Government 2007).

Several studies, which have used measured and modelled flow data, have found 
significant changes to the flow regime in the Macquarie River, particularly since 
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the construction of Burrendong Dam in 1967 (NSW Department of Environment, 
Climate Change and Water 2009b). These changes include: 

•	 a reduction in moderate-to-high flows in the Macquarie River and end-of-system 
flows (CSIRO 2008)

•	 an increase in the average period between large flows (114%, from 2.2 years to 
4.7 years)

•	 a reduction in the average volume of these events, from 328 GL to 278 GL per 
event (CSIRO 2008).

It has been shown that in 2030 (according to the best estimate for climate) 
(CSIRO 2008):

•	 the average period between important inundation events in the Macquarie 
Marshes will increase by 10%

•	 the number of flood events will be 5% smaller
•	 the average annual flood volume will be reduced by 16%
•	 the scale of waterbird breeding will be reduced — an increase of 24% in the 

average period between events and an average annual flood volume reduction 
of 38%. 

1.3   Environmental objectives and 
targets

A set of environmental objectives for the Macquarie Marshes has been determined 
using the key environmental asset criteria.

Proposed objectives
1 To conserve the Ramsar wetland consistent with its ecological character.
2 To protect and restore ecosystems that support migratory birds listed under 

international agreements.
3 To protect and restore natural or near-natural, rare or unique water-dependent 

ecosystems.
4 To protect and restore water-dependent ecosystems that provide vital habitat.
5 To protect and restore water-dependent ecosystems that support 

Commonwealth-, state- or territory-listed threatened species and communities.
6 To protect and restore water-dependent ecosystems that support, or are capable of 

supporting, significant biodiversity.

The ecological character descriptions for the Macquarie Marshes Nature Reserve 
Ramsar site and the Wilgara Wetland private Ramsar site identify a large number 
of ecosystem components (referred to variously as ecosystem services, ecological 
characteristics and ecosystem characteristics). Rather than specify targets and water 
requirements for each component, targets and water requirements are specified for 
a number of indicator habitats and vegetation communities. Achievement of these 
targets will meet the requirements of the other components and objectives.

An understanding of the current ecological extent and condition of Macquarie 
Marshes major vegetation communities is an integral component in setting 
environmental targets.

In setting the value of these environmental targets, extensive use was made of work 
completed in 2009 by the Rivers and Wetland Unit of the NSW Department of 
Environment, Climate Change and Water. As well as its use in setting these targets, 
this work was also significant in the establishment of flow requirements for the major 
vegetation communities of the Macquarie Marshes. 

The NSW Department of Environment, Climate Change and Water (2009c) 
determined the flow volumes required to inundate flood-dependent vegetation 
communities in the wetland systems by deriving a spatially explicit relationship 
between hydrological inputs and inundation extent for a range of flood magnitudes. 
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The derived inundated area for a specified range of river flow magnitudes has been 
matched to each functional vegetation community — semi-permanent wetland 
vegetation, floodplain wetland vegetation, river red gum forest, river red gum 
woodland and floodplain vegetation (Bowen & Simpson 2008). From this, the 
proportion of inundation extent has been reported for each specified inflow volume 
(Table 1.1) based on inundation distribution (NSW Department of Environment, 
Climate Change and Water 2009c).

Table 1.1  Percentage of vegetation communities inundated against four flood categories

Total inflow 
Inundated 
area (ha) % of vegetation community inundated

(GL) (% of floodplain) Semi-permanent Floodplain wetland River red gum forest River red gum woodland Floodplain vegetation

100 19,000 (8%) 37% 16% 81% 22% 1%

250 50,000 (20%) 64% 58% 95% 59% 7%

400 80,500 (34%) 78% 78% 98% 76% 22%

700 145,160 (60%) 95% 100% 100% 92% 54%

1,300,000 191,150 99% 100% 100% 97% 77%

Source: NSW Department of Environment, Climate Change and Water 2009

Note: The work undertaken by NSW Department of Environment, Climate Change and Water 2009 shows that the 1,300,000 flow volume category has an average 
recurrence interval of 20-25 years. The infrequent occurrence of this category indicates that river regulation would be unlikely to significantly affect an event of this 
magnitude. Therefore the authority has not included this flow category in determining the environmental flow requirements for Macquarie Marshes

Proposed targets
To achieve the environmental objectives for the Macquarie Marshes — and to 
ensure asset values are maintained — a series of environmental targets has been set 
(see Table 1.2).

Table 1.2  Proposed environmental targets for the Macquarie Marshes

Functional 
vegetation group Vegetation communities

Ecological condition 
and current extent (ha) Targets

Semi-permanent 
wetland 
vegetation

Common reed 
Water couch 
Cumbungi 
Mixed marsh (also including open water lagoons)

Good: 2,450a Maintain 100% of the current extent of semi-permanent 
wetland vegetation in good condition

Poor: 17,497a Restore 65% of the current extent of semi-permanent wetland 
vegetation currently in poor condition to a good condition

River red gum 
forest 

River red gum (with semi-permanent wetland 
understorey)

Good: 1,441b Maintain 100% of the current extent of river red gum forest in 
good condition

Poor: 678b Restore 65% of the current extent of river red gum forest 
currently in poor condition to a good condition

Floodplain 
wetland 
vegetation

River cooba 
River cooba – river red gum 
River cooba – black box lignum

Good: 29a Maintain 100% of the current extent of floodplain wetland 
vegetation in good condition

Poor: 2,861a Restore 80% of the current extent of floodplain wetland 
vegetation currently in poor condition to a good condition

River red gum 
woodland 

River red gum woodland with predominantly 
terrestrial species in the understorey

Good: 334b Maintain 100% of the current extent of river red gum 
woodland in good condition

Poor: 33,066b Restore 85% of the current extent of river red gum woodland 
currently in poor condition to a good condition

Floodplain 
vegetation

Coolibah (including coolibah and/or blackboxc

Black box 
Myall (weeping myall woodlandd)

Good: 29,298a Maintain 100% of the current extent of floodplain vegetation 
in good condition

Poor: 45,824a Restore 40% of the current extent of floodplain vegetation 
currently in poor condition to a good condition

Notes
a  Good, intermediate — invaded by chenopod shrubland; poor — replaced by chenopod shrubland
b  Good — has 0–10% dead canopy; intermediate — has 10–40% dead canopy; intermediate/poor — has 40–80% dead canopy; poor — has 80–100% dead 

canopy
c.  Listed as an endangered ecological community under the Threatened Species Conservation Act 1995 (NSW). 
d.  Listed as an endangered ecological community under the Threatened Species Conservation Act and the Environmental Protection and Biodiversity 

Conservation Act 1999 (Cwlth).



 Assessing environmental water needs of the Basin 8

The following ecological conditions established by Thomas et al. (2009) are directly 
related to maintaining and restoring targets (good condition informs the maintain 
targets and poor condition informs the restore targets):

•	 good — 0–10% of dead vegetation canopy 
•	 poor — 10–100% of dead vegetation canopy or vegetation invaded or replaced by 

chenopod shrubland. 

The environmental targets have been set to maintain 33,551 ha and to restore 
60,739 ha of current vegetation to good condition (Figure 1.2). This will equate to 
47% of the total area (200,000 ha) of the Macquarie Marshes floodplain having 
vegetation in good condition.

The Macquarie Marshes asset is an important national and international site for 
colonial waterbird breeding events — in fact, the marshes support the breeding, 
feeding and habitat requirements of between 10,000 and 300,000 adult waterbirds 
each year (Kingford & Auld 2003). For these reasons, the following environmental 
target has been determined for the marshes: provide flows to support moderate–large 
colonial waterbird breeding events.
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Figure 1.2  Total hectares of each vegetation group divided into environmental target areas
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1.4  Environmental water requirements
Flows required to achieve the specified targets have been determined based on 
the assessment of a range of data presented in a number of documents. NSW 
Department of Environment, Climate Change and Water staff have provided 
significant input in determining environmental water requirements to meet the 
specified environmental targets.

Roberts and Marston (2000) and the NSW Department of Environment, Climate 
Change and Water (2009b) provide an indication of the desired flow frequencies for 
selected vegetation/habitat types. As identified in the Macquarie Marshes Adaptive 
Environmental Management Plan (NSW Department of Environment, Climate 
Change and Water 2009), the core requirement for restoring and maintaining critical 
functions and habitats of semi-permanent wetlands is inundation for 4 to 6 months 
between July and April, with a frequency of approximately 7 to 8 years out of 10. 

The Macquarie Marshes is renowned for supporting some of Australia’s largest 
waterbird breeding events. Understanding the historical hydrological triggers for 
waterbird breeding is essential to ensure that these events and the character of 
Macquarie Marshes are maintained into the future. 

According to a CSIRO report, Relationship between waterbird ecology and 
environmental flows in the Murray–Darling Basin (1997), studies have indicated that:

a minimum volume of 250,000 ML over a 7-month period (measured at 
Marebone Weir) is required to ensure the success of colonial breeding 
waterbirds. At flows below this threshold, the area and duration of inundation 
might not be sufficient to support a successful breeding event. As the volume 
of water increases above this threshold, there is a sharp increase in the 
number of birds breeding. For instance, in 1990 when the water volume over 
a 7-month period was 485,000 ML, there were 17,200 pairs of intermediate 
egrets and 65,000 pairs of ibis breeding in the marshes.

The report also states:
The large, infrequent floods are vital for the very big waterbird breeding 
events, not only to inundate a much larger area, and hence provide a greater 
abundance of food, but also to provide a longer duration on inundation. This 
allows breeding to occur over a longer period of time. Although the large 
floods provide opportunities for very large breeding events, these are not as 
frequent as the small to medium sized floods. Small to medium sized floods 
have the value for maintaining habitat which indirectly determines size and 
success of future breeding.

The NSW Department of Environment, Climate Change and Water analysis (2009c) 
of historical inundation patterns of the Macquarie Marshes against gauge flow 
records at Marebone Weir identified four flow volume categories — 100 GL, 250 GL, 
400 GL and 700 GL. Each flow volume category is considered vital for maintaining 
and restoring the key ecosystem functions (indicator vegetation communities and 
waterbird breeding triggers) of the Macquarie Marshes.

Table 1.3 attributes the associated flow requirements to meet the associated ecosystem 
targets (e.g. frequency of inundation). 

Figure 1.3 compares water required (GL volume) to maintain and restore the 
Macquarie Marshes water-dependent ecosystem (yellow box) with the frequencies of 
the modelled flow volumes under without development and current arrangements 
conditions. The dotted line shows the frequency of the modelled flow volume over 
the past 10 years, within each flow volume. Over the past 10 years, the Macquarie 
Marshes has received flow frequencies significantly below the required amount of 
water to maintain the extent and condition of the water-dependent ecosystem. It is 
worth noting that no 700 GL flow volume flood events have occurred in the past 
10 years.
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Table 1.3  Flow volumes required to achieve targets

Targets
Frequency  
(low risk )

Maximum time 
between events 

(resilience period) Flow volume (GL) Timing (months)

Maintain 100% of the current extent of semi-permanent 
wetland vegetation in good condition 

7 in 10 years 1 to 2 years 100
July–November

250

400 June–December

Restore 65% of the current extent of semi-permanent wetland 
vegetation currently in poor condition to a good condition

7 in 10 years 1 to 2 years 100
July–November

250

Maintain 100% of the current extent of river red gum forest in 
good condition

7 in 10 years 3 years 100
July–November

250

400
June–December

700

Restore 65% of the current extent of river red gum forest 
currently in poor condition to a good condition

7 in 10 years 3 years 100
July–November

250

Maintain 100% of the current extent of floodplain wetland 
vegetation in good condition

5 in 10 years 5 years 100
July–November

250

400
June–December

700

Restore 80% of the current extent of floodplain wetland 
vegetation currently in poor condition to a good condition

5 in 10 years 5 years 100
July–November

250

Maintain 100% of the current extent of river red gum 
woodland in good condition

4 in 10 years 4 years 100
July–November

250

400
June–December

700

Restore 85% of the current extent of river red gum woodland 
currently in poor condition to a good condition

4 in 10 years 4 years 100
July–November

250

400 June–December

Maintain 100% of the current extent of floodplain vegetation 
in good condition

1 to 2 in 10 years 7 years 100
July–November

250

400
June–December

700

Restore 40% of the current extent of floodplain vegetation 
currently in poor condition to a good condition

1 to 2 in 10 years 7 years 100
July–November

250

400 June–December

Provide flows to support moderate–large colonial waterbird 
breeding events

2 to 4 in 10 years 3 years 100
July–November

250

400
June–December

700
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Figure 1.3   Recommended environmental water requirements for the Macquarie Marshes upstream of 
Marebone Weir and associated frequencies of occurrence under modelled without development 
and current arrangements flows for 1895–2009 and 1999–2009

1.5  Risks 
The Macquarie Marshes asset is a diverse, complex and evolving ecosystem, and 
a water regime that will maintain and restore the health of the marshes is also 
evolving. When determining a water regime for the Macquarie Marshes, a number 
of assumptions, based on published information and expert opinion, were made, 
including that:

•	 environmental values of the Macquarie Marshes will be maintained through 
achieving the environmental targets

•	 indicator vegetation communities identified in the environmental targets are 
representative of a healthly Macquarie Marshes ecosystem

•	 water requirements determined for the Macquarie Marshes do not include any 
other consumptive take and use of water (e.g. irrigation, stock and domestic). 

The South Marsh has undergone significant geomorphic change.  Due to this change, 
flow provision alone will be unlikely to achieve Ramsar objectives for this component 
of the key environmental asset.  Determining appropriate management actions for 
the South Marsh is complex and outside the scope of the Basin Plan.  However, 
determination of environmental water requirements for the broader Macquarie 
Marshes has taken this issue into account.

Additional risks that may prevent these environmental objectives and targets being 
achieved include: 

•	 land-management activities that may affect the health of the Macquarie Marshes 
wetland ecosystem (including vegetation clearing, grazing, fire and pests such as 
lippia (Phyla canescens))

•	 impact of climate change
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•	 constraints, such as existing water management infrastructure, in the delivery of 
water to meet specific wetland requirements

•	 the water regime identified may adversely affect the balance of the Macquarie 
Marshes ecosystem (e.g. change in the hydrologic composition of the shallow 
groundwater system that supports vegetation communities such as river red gum 
forests and woodlands).

Effective management of these risks may require monitoring and additional 
complementary management actions.



Murray region
Barmah–Millewa Forest
Chapter 2

Disclaimer
This document has been prepared by the Murray–Darling Basin Authority for 
information purposes using the best efforts to ensure that the material it presents 
is current and accurate. The opinions, comments and analysis (including those of 
third parties) expressed in this document are for information purposes only. This 
document does not indicate the Murray–Darling Basin Authority’s commitment 
to undertake or implement a particular course of action, and should not be relied 
upon in relation to any particular action or decision taken. Users should note 
that developments in Commonwealth policy, input from consultation and other 
circumstances may result in changes to the approaches set out in this document.
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The Barmah–Millewa Forest covers approximately 66,000 ha of floodplain along 
the River Murray between Tocumwal, Echuca and Deniliquin, downstream of 
Yarrawonga Weir and upstream of Torrumbarry Weir (Figure 2.1). Barmah Forest 
(29,500 ha) is located on the Victorian side; Millewa Forest (36,500 ha) is on the 
New South Wales side of the River Murray. 

The Barmah–Millewa Forest contains:

•	 swamps and marshes in the lower frequently flooded areas where water can pond 
to a degree

•	 rush-beds surrounding the swamps and marshes, and generally in wetter areas
•	 lakes and billabongs, generally deeper water environments which are important in 

providing feeding areas for large colonial bird breeding events
•	 open grassland plains, including large plains of moira grass which, when flooded, 

provide highly significant breeding and feeding habitat for colonial breeding 
water birds like egrets, herons, spoonbills and marsh terns

•	 river red gum forest (the largest remaining in Australia) of various types and 
health depending on inundation, with the lower elevation areas supporting larger 
and denser red gum forest

•	 black box woodland in the high drier zones.

The vegetation communities present in Barmah–Millewa Forest have been grouped 
into five broad categories, the areas of which are shown in Table 2.1. 

Table 2.1  Barmah–Millewa Forest vegetation types by area
Based on analysis of data presented in Barmah Forest Ramsar site ecological character description, Victorian 
Department of Sustainability and Environment (2008) and GHD (2009)

Vegetation types Barmah (ha) Millewa (ha) Total area (ha)

Giant rush 531 2,667* 3,198 (4.8%)

Moira grass 1,535 774* 2,309 (3.5%)

River red gum forest  
(with a flood-dependent understorey)

16,617 26,181 42,798 (64.8%)

River red gum woodland  
(with a flood-tolerant understorey)

9,711 4,002 13,713 (20.8%)

River red gum/black box woodland 1,063 2,919 3,982 (6.0%)

Total 29,457 36,543 66,000

*   The area of giant rush and moira grass in Millewa Forest is not directly identified in GHD (2009); areas 
shown are derived from area of wetland.

2.1  Values
As well as being an icon site under the Living Murray program, the Barmah–Millewa 
Forest meets all five criteria for a key environmental asset.

Criterion 1 The water-dependent ecosystem is formally recognised 
in, and/or is capable of supporting species listed in, 
international agreements.

The entire Barmah–Millewa Forest asset is listed as a Ramsar wetland of 
international importance. It supports large numbers of migratory bird species, 
including 13 listed under international agreements — the Japan–Australia, 
China–Australia and Republic of Korea–Australia migratory bird agreements and 
the Convention on the Conservation of Migratory Species of Wild Animals (the 
Bonn Convention) — and in schedules to the federal Environment Protection and 
Biodiversity Conservation Act 1999. The site also supports at least 29 subspecies of 
bird families recognised as migratory species under the Environment Protection and 
Biodiversity Conservation Act.
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Species listed under Japan–Australia, China–Australia and Republic of Korea–
Australia migratory bird agreements include:

•	 forked-tailed swift (Apus pacificus)
•	 great egret (Egretta alba)
•	 cattle egret (Bubulcus ibis)
•	 sharp-tailed sandpiper (Calidris acuminate)
•	 red-necked stint (C. ruficollis)
•	 Latham’s snipe (Capella hardwickii)
•	 white-bellied sea-eagle (Haliaeetus leucogaster)
•	 white-throated needletail (Hirundapus caudacutus)
•	 Caspian tern (Sterna caspia)
•	 glossy ibis (Plegadis falcinellus)
•	 painted snipe (Rostratula benghalensis)
•	 greenshank (Tringa nebularia)
•	 marsh sandpiper (T. stagnatilis).

Species listed under the Bonn Convention include:

•	 Australasian shoveler (Anas rhynchotis) 
•	 chestnut teal (A. castanea) 
•	 Pacific black duck (A. superciliosa) 
•	 Australian hobby (Falco longipennis)
•	 brown falcon (F. berigora) 
•	 peregrine falcon (F. peregrines) 
•	 Australian shelduck (Tadorna tadornoides)
•	 banded lapwing (Vanellus tricolor)
•	 masked lapwing (V. miles) 
•	 black swan (Cygnus atratus) 
•	 black-shouldered kite (Elanus axillaris)
•	 brolga (Grus rubicunda)
•	 brown goshawk (Accipiter fasciatus) 
•	 collared sparrowhawk (A. cirrhocephalus) 
•	 common greenshank (Tringa nebularia)
•	 hardhead (Aythya australis)
•	 little eagle (Hieraaetus morphnoides) 
•	 musk duck (Biziura lobata) 
•	 pink-eared duck (Malacorhynchus membranaceus) 
•	 red-kneed dotterel (Erythrogonys cinctus) 
•	 spotted harrier (Circus assimilis) 
•	 swamp harrier (C. approximans) 
•	 whistling kite (Haliastur sphenurus).

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

The Barmah–Millewa Forest supports the largest red gum forest in Australia. As the 
largest floodplain listed as a Living Murray icon site, this asset is perhaps the largest 
and most intact floodplain system along the River Murray.

The Barmah side of the forest supports the most extensive area of moira grass plains 
in Victoria (in 1979 moira grass dominated 5.2%, or 1,535 ha, of the Barmah Forest 
Ramsar site).
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Criterion 3 The water-dependent ecosystem provides vital habitat.

Because it floods at relatively low river flows, and therefore floods more frequently, 
the Barmah–Millewa Forest provides drought refuge for waterbirds. 

About 54 waterbird species have been recorded breeding in the New South Wales 
Central Murray state forests, including 25 colonial nesting species. Species recorded 
in the Barmah Forest include:

•	 Australian white ibis (Threskiornis molucca)
•	 straw-necked ibis (T. spinicollis)
•	 great egret (Egretta alba)
•	 intermediate egret (Ardea intermedia)
•	 little egret (A. garzetta)
•	 white-necked heron (A. pacifica)
•	 great cormorant (Phalacrocorax carbo)
•	 little black cormorant (P. sulcirostris)
•	 little pied cormorant (P. melanoleucos)
•	 pied cormorant (P. varius)
•	 nankeen night heron (Nycticorax caledonicus)
•	 royal spoonbill (Platalea regia) 
•	 yellow-billed spoonbill (P. flavipes)
•	 whiskered tern (Chlidonias hybridus).

Criterion 4  The water-dependent ecosystem supports Commonwealth-, 
state- or territory-listed threatened species and/or 
ecological communities.

Commonwealth-listed threatened flora:

•	 dwarf brooklime (Gratiola pumilo) 
•	 mountain Swainson-pea (Swainsona recta) 
•	 Mueller daisy (Brachyscome muelleroides) 
•	 river swamp wallaby grass (Amphibromus fluitans) 
•	 small scurf-pea (Cullen parvum).

State-listed threatened flora:

•	 austral trefoil (Lotus australis) 
•	 bluish raspwort (Haloragis glauca f. glauca) 
•	 Buloke (Allocasuarina luehmannii)
•	 Buloke mistletoe (Amyema linophylla ssp. Orientale) 
•	 button rush (Lipocarpha microcephala) 
•	 common joyweed (Alternanthera nodiflora) 
•	 downs nutgrass (Cyperus bifax)
•	 Forde poa (Poa fordeana) 
•	 hypsela (Hypsela tridens) 
•	 leafy templetonia (Templetonia stenophylla) 
•	 matted water-starwort (Callitriche sonderi) 
•	 narrow-leaf sida (Sida trichopoda) 
•	 twiggy sida (S. intricate) 
•	 silky browntop (Eulalia aurea) 
•	 slender bitter-cress (Cardamine tenuifolia) 
•	 smooth minuria (Minuria integerrima) 
•	 summer fringe-sedge (Fimbristylis aestivalis) 
•	 umbrella wattle (Acacia oswaldii) 
•	 violet swainson-pea (Swainsona adenophylla) 
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•	 woolly buttons (Leiocarpa panaetioides) 
•	 yelka (Cyperus victoriensis) 
•	 yellow-tongue daisy (Brachyscome chrysoglossa).

Commonwealth-listed threatened fauna:

•	 bluenose (trout) cod (Maccullochella macquariensis) 
•	 superb parrot (Polytelis swainsonii) 
•	 Macquarie perch (Macquaria australasica).

State-listed threatened birds:

•	 Latham’s snipe (Capella hardwickii)
•	 little bittern (Ixobrychus minutes)
•	 little egret (A. garzetta)
•	 masked owl (Tyto novaehollandiae) 
•	 musk duck (Biziura lobata) 
•	 nankeen night heron (Nycticorax caledonicus)
•	 painted honeyeater (Grantiella picta) 
•	 pied cormorant (P. varius)
•	 royal spoonbill (Platalea regia) 
•	 spotted harrier (Circus assimilis) 
•	 whiskered tern (Chlidonias hybridus)
•	 white-bellied sea-eagle (Haliaeetus leucogaster).

State-listed threatened amphibians: 

•	 barking marsh frog (Limnodynastes fletcheri) 
•	 Bibron’s toadlet (Pseudophryne bibronii).

State-listed threatened fish:

•	 crimson-spotted rainbowfish (Melanotaenia fluviatilis) 
•	 flat-headed galaxias (Galaxias rostratus) 
•	 freshwater catfish (Tandanus tandanus) 
•	 golden perch (Macquaria ambigua) 
•	 Murray cod (Maccullochella peelii peelii) 
•	 river blackfish (Gadopsis marmoratus) 
•	 silver perch (Bidyanus bidyanus).

Criterion 5 The water-dependent ecosystem supports or is capable of 
supporting significant biodiversity.

As at August 2004, 381 indigenous flora species and 221 indigenous vertebrate fauna 
species had been recorded on the Victorian Flora Information System (Victorian 
Department of Sustainability and Environment 2004b).

The Barmah Forest is listed under Ramsar criterion 5 because it regularly supports 
1% of the population of Australian white ibis and straw-necked ibis (Wildlife Atlas, 
Department of Sustainability and Environment Victoria 2004a) for the Barmah 
Forest Ramsar site).
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2.2  Hydrology
The River Murray and the Barmah Choke define the hydrology of the Barmah–
Millewa Forest.

The Barmah Choke is a narrowing of the river channel and reduction in channel 
capacity associated with a geological uplift known as the Cadell Tilt. The choke 
reduces the capacity of the channel substantially and increases the frequency of 
floodplain inundation compared to other parts of the River Murray floodplain. 
This frequent flooding has directly led to the formation of the forests and associated 
wetland systems.

The Barmah–Millewa Forest is dissected by many ‘effluent’ streams, the largest of 
which are the Edward River and Gulpa Creek. Together these form the beginning of 
the Edward–Wakool river system that passes through the Werai Forest system before 
finally returning to the River Murray some 200 km to the west at Wakool Junction. 
The forests also contain numerous wetlands, the largest of which are Barmah Lake 
(Victoria) and Moira Lake (New South Wales).

2.3   Environmental objectives and 
targets

Proposed environmental objectives:

1 To conserve the Ramsar wetland consistent with its ecological character. 
2 To protect and restore water-dependent ecosystems that support migratory birds 

listed in international agreements.
3 To protect and restore natural or near-natural, rare or unique water-dependent 

ecosystems.
4 To protect and restore water-dependent ecosystems that provide vital habitat.
5 To protect and restore water-dependent ecosystems that support 

Commonwealth-, state- or territory-listed threatened species and/or ecological 
communities.

6 To protect and restore water-dependent ecosystems that support, or are capable of 
supporting, significant biodiversity.

Objective 1 relates to the ecological character of the wetlands at the time of Ramsar 
listing. Barmah Forest was listed in 1982 and Millewa Forest was listed in 2003. 

The criteria under which Barmah–Millewa Forest is considered to be a key 
environmental asset are broad and so are the objectives. However, review of the 
Ramsar ecological character descriptions indicates that if objective 1 is achieved, 
the requirements of objectives 2 to 6 will also be met (see the Barmah Forest Ramsar 
site ecological character description (Department of Sustainability and Environment 
Victoria 2008) and the Millewa draft ecological character description (GHD 2009)).

The ecological character descriptions identify a large number of ecosystem 
components (referred to variously as ecosystem services, ecological characteristics 
and ecosystem characteristics). Rather than specify targets and water requirements 
for each component, targets and water requirements will be specified for a number 
of indicator habitats and vegetation communities. Achieving these targets will meet 
the requirements of the other components and objectives, except for those regarding 
colonial nesting waterbirds. Consequently, additional targets are set for colonial 
nesting waterbirds.

The Victorian Department of Sustainability and Environment (2008) has 
predominantly been used to support the determination of targets (Table 2.2). GHD 
(2009) does not set limits of acceptable change for red gum and black box. The 
interconnected hydrology between the two forests means that compliance with limits 
of acceptable change at Barmah Forest will deliver the same outcomes at Millewa 
Forest for red gum and black box.
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Table 2.2  Proposed targets

Target Link to objectives and justification

Maintain 100% of freshwater meadows 
or shallow freshwater marshes in 
healthy condition.

Objectives 1 to 6 
Victorian Department of Sustainability and Environment  2008 and GHD 2009 specify that any decrease in the 
current area of these wetland types would signal a change in ecological character.

Maintain 100% of moira grass plains in 
healthy condition.

Objectives 1 to 6 
Victorian Department of Sustainability and Environment 2008 and GHD 2009 specify that any decrease in the current 
area of moira grass would signal a change in ecological character.

Maintain 100% of red gum forest in 
healthy condition.

Objectives 1 to 6 
Victorian Department of Sustainability and Environment 2008 specifies that any decrease in the current area or health 
of red gum communities would signal a change in ecological character.

Maintain 100% of red gum woodland in 
healthy condition.

Objectives 1 to 6 
Victorian Department of Sustainability and Environment 2008 specifies that any decrease in the current area or health 
of red gum communities would signal a change in ecological character.

Maintain 100% of black box in healthy 
condition.

Objectives 1 to 6 
Victorian Department of Sustainability and Environment 2008 specifies that any loss or substantial decline in the 
current area or health of vegetation communities would signal a change in ecological character.

Provide conditions conducive to 
successful breeding of thousands of 
colonial nesting waterbirds at least three 
years in 10.

Objectives 1 to 6 
Interim ecological objective under The Living Murray.

Victorian Department of Sustainability and Environment 2008 specifies that any reduction in the recorded frequency 
and abundance of bird breeding would signal a change in ecological character. This target is considered compatible 
with the ecological character descriptions.

2.4  Environmental water requirements
Determination of the flows required to achieve the specified targets was based on 
assessment of data presented in a number of documents. No single existing plan or 
document sets out these requirements completely. 

The Barmah–Millewa Forest Icon Site Environmental Management Plan (MDBC 
2006) sets out flood frequencies and durations of selected vegetation communities 
before river regulation (see Table 2.3). 

Table 2.3   Flood frequency and duration of selected vegetation communities before river regulation

Vegetation community
Flood frequency
(Percentage of years with inundation) Duration Season

Giant rush 75–100 7 to 10 months Winter to mid-summer

Moira grass 65–100 5 to 9 months (no more than 10 
months at minimum depth of 0.5 m)

Winter to mid-summer; 2 to 3 months 
dry in late summer to early autumn

River red gum forest 40–92 5 months Winter to spring

River red gum woodland 33–46 1 to 2 months Spring

River red gum and black box woodland 14–33 1 to 4 months Winter to spring

Data presented in the Barmah–Millewa Forest hydrodynamic model report (Water 
Technology 2009) has been assessed in parallel with the ecological character 
descriptions of the forests (Department of Sustainability and Environment, Victoria 
2008; GHD 2009) to estimate flows required to inundate selected vegetation 
communities (Figure 2.2). This analysis then was used to inform the water 
requirements set out in Table 2.4. For this purpose giant rush is used as an indicator 
of freshwater meadows and shallow freshwater marshes.
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Figure 2.3 represents the recommended environmental water requirements for the 
Barmah–Millewa Forest key environmental asset in a different format. A range 
of flow frequencies are reported for each flow threshold and duration suggested as 
necessary to sustain the key environmental asset. These flow frequencies include the 
modelled without development, current arrangements and the low-risk and high-risk 
frequencies. 

Frequencies are shown for both the entire model period (1895–2009) and the past 
10 years. This frequency plotting shows that recommended environmental watering 
requirements are, to varying degrees, within the without development to current 
arrangements frequency over the historical record. In contrast, over the much drier 
past 10 years, many of the recommended flows would not have occurred naturally or 
before development at the required frequency. With one exception, the current flow 
regime over the past 10 years did not have any flow of the required magnitude and 
duration for all the recommended environmental water requirements.

Table 2.4  Flows required to achieve targets

Target

Flow 
required 

(measured at 
Yarrawonga) Duration Timing

Frequency

Maximum time 
between events 

(resilience period)

Low risk High risk
Without 

development
Current 

arrangements Low risk High risk

Maintain 100% of freshwater 
meadows or shallow 
freshwater marshes in 
healthy condition.

Maintain 100% of moira 
grass plains in healthy 
condition.

Maintain 100% of red gum 
forest in healthy condition.

12,500 ML/d 2 months June to 
November

8 in 10 
years

7 in 10 
years

88% 49% 2 years 2 years

15,000 ML/d 3 months 1 in 2 
years

1 in 3 
years

71% 24% 3 years 4 years

25,000 ML/d 1 month 1 in 2 
years

1 in 3 
years

64% 24% 3 years 4 years

Maintain 100% of red gum 
forest in healthy condition.

Maintain 100% of red 
gum woodland in healthy 
condition.

Maintain 100% of black box 
in healthy condition.

35,000 ML/d 1 month January to 
December

1 in 3 
years

1 in 4 
years

39% 18% 4 years 5 years

45,000 ML/d 3 weeks 1 in 4 
years

1 in 5 
years

33% 18% 5 years 6 years

60,000 ML/d 2 weeks 1 in 5 
years

1 in 6 
years

22% 12% 6 years 8 years

Provide conditions 
conducive to successful 
breeding of thousands of 
colonial nesting waterbirds 
at least 3 years in 10.

15,000 ML/d 4 months June to 
December

3 in 10 
years

3 in 10 
years

58% 16% 5 years 8 years
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Disclaimer
This document has been prepared by the Murray–Darling Basin Authority for 
information purposes using the best efforts to ensure that the material it presents 
is current and accurate. The opinions, comments and analysis (including those of 
third parties) expressed in this document are for information purposes only. This 
document does not indicate the Murray–Darling Basin Authority’s commitment 
to undertake or implement a particular course of action, and should not be relied 
upon in relation to any particular action or decision taken. Users should note 
that developments in Commonwealth policy, input from consultation and other 
circumstances may result in changes to the approaches set out in this document.
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The Riverland–Chowilla Floodplain indicator key environmental asset comprises the 
Riverland Ramsar site and The Living Murray Chowilla Floodplain and Lindsay–
Wallpolla Islands icon site. The Riverland Ramsar site includes the South Australian 
portion of the Chowilla Floodplain, as well as adjacent wetland and floodplain 
areas downstream to Renmark (Figure 3.1). It includes many wetlands and wetland 
complexes, including the Ral Ral Creek anabranch (including Lake Merriti) and the 
Woolenook Bend wetland complex. The Ramsar site has an area of about 31,000 ha 
and was Ramsar listed in 1987.

The Living Murray Chowilla Floodplain and Lindsay–Wallpolla Islands icon site 
covers an area of 55,147 ha downstream of the Murray–Darling junction. The icon 
site comprises four main areas of floodplain. The Chowilla Floodplain covers a total 
area of 17,700 ha (74% in South Australia, 26% in New South Wales). The other 
main floodplain components are in Victoria. Moving upstream, they are: Lindsay 
Island (19,100 ha); Mulcra Island (3,200 ha); and Wallpolla Island (15,150 ha).

The key environmental asset consists of a mosaic of anabranch creeks, wetlands, 
lagoons, lakes and floodplains. The floodplains are dominated by red gum woodland, 
lignum shrublands, black box woodlands, grasslands and some localised areas of 
denser red gum forest.

At the macro scale, the hydrology and ecology of the Ramsar site and icon site 
are very similar and it is therefore sensible to define the environmental water 
requirements for both sites together. Due to relatively consistent hydrology and 
ecology (at the macro scale), the environmental water requirements for these sites 
are also representative of environmental water requirements for much of the River 
Murray downstream of the Murray–Darling junction.

3.1  Values
Together, the Riverland Ramsar site and the icon site meet all five criteria for a key 
asset. In addition, the Chowilla Floodplain and Lindsay–Wallpolla Islands are an 
icon site under The Living Murray program.

Criterion 1 The water-dependent ecosystem is formally recognised 
in, and/or is capable of supporting species listed in, 
international agreements.

The portion of the asset in South Australia, between Renmark and the state border, is 
listed as a Ramsar wetland of international importance.

Eight bird species listed under the Japan–Australia and the China–Australia 
migratory bird agreements have been recorded at the asset (Newall et al. 2009): 

•	 sharp-tailed sandpiper (Calidris acuminate)
•	 curlew sandpiper (C. ferruginea)
•	 red-necked stint (C. ruficollis)
•	 eastern (great) egret (Ardea modesta)
•	 white-bellied sea-eagle (Haliaeetus leucogaster)
•	 Caspian tern (Sterna caspia)
•	 glossy ibis (Plegadis falcinellus)
•	 greenshank (Tringa nebularia).

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

The asset is located along the lower River Murray in the Murray–Darling Basin. 
At the time of listing, the Riverland Ramsar site contained one of the only parts 
of lower River Murray floodplain not used for irrigation, preserving much of its 
natural character. The Ramsar site has also been noted to contain excellent regional 
representative examples of a major floodplain system within the lower River Murray 
floodplain (Newall et al. 2009). 
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Criterion 3 The water-dependent ecosystem provides vital habitat.

The asset is important as habitat for nomadic waterbirds during times of drought 
in central and eastern Australia, and for other nomadic bird species during the dry 
southern Australian summer (Newall et al. 2009).

Criterion 4 The water-dependent ecosystem supports Commonwealth-, 
state- or territory-listed threatened species and/or 
ecological communities.

The asset has a high diversity of terrestrial and aquatic habitats supporting 
populations of rare, endangered and nationally threatened species. The asset supports 
populations of four species listed under the Environment Protection and Biodiversity 
Conservation Act 1999 (Cwlth) — Murray cod, southern bell frog, regent parrot and 
Murray hardyhead (MDBC 2006) — as well as numerous state-listed species. 

Criterion 5 The water-dependent ecosystem supports or is capable of 
supporting significant biodiversity.

The asset has a relatively high diversity of terrestrial and aquatic habitats (MDBC 
2006). The asset supports a high diversity of vegetation communities. Over 40 
vegetation associations representing 340 plant species have been identified (MDBC 
2006). The diverse range of habitats supports a diversity of fauna. A total of 170 
bird species, 17 mammal species, 7 species of frog and 14 species of fish have been 
recorded at the asset (MDBC 2006). The diversity of birds and bats is considered to 
be of particular significance at the state and national scale. 

3.2  Hydrology
The asset is located downstream of the Murray–Darling junction and therefore 
receives flows from both catchments. The largest flows occur when both catchments 
are in flood.

At low flows, the hydrology of the asset is governed by the operation of locks 5, 6, 7, 
8 and 9. These maintain elevated pools in the River Murray, and permanent water in 
some anabranch creeks and wetlands.

Flows of about 40,000 to 50,000 ML/d are required to overtop the river banks and 
cause floodplain inundation. About half the floodplain is inundated at flows of 
80,000 ML/d. Figure 3.2 shows inundation thresholds for the Riverland Ramsar 
site. The asset is relatively uniform in its hydrology and geomorphology, so these 
inundation thresholds are indicative of the asset in its entirety.

3.3   Environmental objectives and 
targets

Proposed environmental objectives for the asset are:

1 To conserve the Ramsar wetland consistent with its ecological character. 
2 To protect and restore water-dependent ecosystems that support migratory birds 

listed in international agreements.
3 To protect and restore natural or near-natural, rare or unique water-dependent 

ecosystems.
4 To protect and restore water-dependent ecosystems that provide vital habitat.
5 To protect and restore water-dependent ecosystems that support Commonwealth, 

state- or territory-listed threatened species and/or ecological communities.
6 To protect and restore water-dependent ecosystems that support or are capable of 

supporting significant biodiversity.
Objective 1 relates to the ecological character of the site at the time of Ramsar 
listing. The Riverland Ramsar site was listed in 1987 and this sets a baseline for the 
ecological character. An ecological character description for the Riverland Ramsar 
site is being prepared by the South Australian Department of Environment and 
Heritage (Newall et al. 2009).
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Figure 3.2  Floodplain inundation thresholds for the Riverland Ramsar site (Newall et al. 2009)
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The criteria for which the asset is considered to be ‘key’ are broad, and consequently 
so are the objectives. However, after reviewing the ecological character description, 
and given the relatively consistent inundation thresholds and ecology across the 
different components of the asset (i.e. flooding the Ramsar site will require flooding 
of the other parts of the asset), it is apparent that achieving Objective 1 will meet the 
requirements of the remaining objectives.

The ecological character description specifies limits of acceptable change for wetlands, 
vegetation communities and habitat types. A representative set of these habitat types 
and communities has been selected and targets specified against them.

The ecological character description does not provide specific targets for bird breeding 
events, noting that there is currently a knowledge gap on baseline conditions for 
birds. The Living Murray Icon Site Environmental Management Plan specifies a 
target of successful breeding of colonial nesting waterbirds at a minimum of three 
temporary wetlands at a frequency of not less than one in three years for the Chowilla 
Floodplain and Lindsay–Wallpolla Islands icon site. Given the asset boundary here is 
much broader, it is considered appropriate to adopt a broader target.

The proposed Basin Plan targets are shown in Table 3.1.

Table 3.1  Proposed targets

Target Link to objectives/justification

Maintain 80% of wetlands in healthy 
condition.

Objectives 1 to 6

Riverland Ramsar site ecological character description specifies a long-term limit of acceptable change as no 
loss of more than 20% of any wetland type over the site as a whole, within any 10-year period.

Maintain 80% of red gum forest in healthy 
condition.

Objectives 1 to 6

Riverland Ramsar site ecological character description specifies a long-term limit of acceptable change as no 
loss of more than 20% of any vegetation or habitat type across the site as a whole, within any 10-year period.

Maintain 80% of red gum woodland in 
healthy condition.

Objectives 1 to 6

Riverland Ramsar site ecological character description specifies a long-term limit of acceptable change as no 
loss of more than 20% of any vegetation or habitat type across the site as a whole, within any 10-year period.

Maintain 80% of black box woodland in 
healthy condition.

Objectives 1 to 6

Riverland Ramsar site ecological character description specifies a long-term limit of acceptable change as no 
loss of more than 20% of any vegetation or habitat type across the site as a whole, within any 10-year period.

Maintain 80% of lignum shrublands in 
healthy condition.

Objectives 1 to 6

Riverland Ramsar site ecological character description specifies a long-term limit of acceptable change as no 
loss of more than 20% of any vegetation or habitat type across the site as a whole, within any 10-year period.

Provide conditions conducive to successful 
breeding of thousands of colonial nesting 
waterbirds at least 3 years in 10.

Objectives 1 to 6

Informed by target in the Chowilla Floodplain and Lindsay–Wallpolla Islands Icon Site Environmental 
Management Plan (MDBC 2006). Links to objectives 1, 3 and 4

3.4  Environmental water requirements
To assist in quantifying the environmental water requirements of the asset, the 
Murray–Darling Basin Authority (MDBA) has undertaken analysis of flows required 
to achieve inundation of different vegetation communities. This was supported 
largely by data presented in the River Murray Floodplain Inundation Model 
(Overton et al. 2006). The results of this analysis are shown in figures 3.3 and 3.4.

The determination of duration, frequency and timing of watering events was 
predominantly informed by the Riverland Ramsar site ecological character 
description (Newall et al. 2009), the Chowilla Floodplain and Lindsay–Wallpolla 
Islands Icon Site Environmental Management Plan (MDBC 2006), the Chowilla 
Creek Environmental Regulator Investment Proposal (South Australian Murray–
Darling Basin Natural Resources Management Board 2008), and a number of 
other site-specific and more generic resources. Environmental water requirements 
to achieve the proposed targets are shown in Table 3.2. While not all targets are 
explicitly shown in Table 3.2, the combination of flows will also achieve those targets 
not shown.
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A number of the documents reviewed recommend a flow regime that is inconsistent 
with the modelled natural flow data (this is not an uncommon occurrence). 
For example, Newall et al. (2009) recommends a flow of 50,000 ML/d for four 
months for red gum. The recommended frequency for the short-term limit of 
acceptable change is 1 in 3 years, and for the long-term limit of acceptable change 
is 7 to 9 years in 10. Depending on assumptions, the Murray–Darling Basin 
Authority (MDBA) analysis shows this flow occurred between 22 and 39 times in the 
110 years (20 to 35% of years) under without development and current arrangements 
conditions. The flow regime specified in Table 3.2 is therefore not linked explicitly to 
any one document, and is an amalgam of recommendations from documents filtered 
through an analysis of flow data.

Newall et al. 2009 (Figure 3.4) suggest that to inundate 80% of black box 
communities requires flows in the order of 250,000 ML/d. However, as shown in 
Figure 3.5, modelled without development and current arrangements condition flow 
data shows only one of these events in 110 years. Flows above about 140,000 ML/d 
are very infrequent, occurring 9 times in 110 years, or on average 1 in 12 years. This 
is at the very edge of the flooding requirements of black box, as reported in texts such 
as Roberts and Marston (2000). These observations may reflect:

•	 inaccuracies in the analysis of flood thresholds to inundate vegetation 
communities

•	 inaccuracies in the modelling predictions of large floods
•	 that vegetation at these higher elevations is sustained by water from groundwater 

interactions associated with flood events (rather than direct inundation), or 
from rainfall.

It is not possible to determine the exact reason, but the maximum flow adopted for 
black box inundation has taken this observation into account.

Figure 3.6 represents the recommended environmental water requirements for the 
asset in a different format. A range of flow frequencies are reported for each flow 
threshold and duration suggested to sustain the asset. These include the modelled 
pre-development and current arrangements frequencies, and the low-risk and high-
risk frequencies. Frequencies are shown for both the entire modelling period  
(1895–2009) and the past 10 years. This plot shows that recommended 
environmental watering requirements are, to varying degrees, within the without 
development to current arrangements frequency over the historical record. In 
contrast, over the much drier past 10 years, many of the recommended flows would 
not have occurred prior to development at the required frequency, or at all for the 
larger 100 and 130 GL events. The current arrangements flow regime over the past 
10 years did not have any flows of the required magnitude and duration for all of the 
recommended environmental water requirements.

3.5  Risks

Condition of the asset and impact on targets
The condition of the asset has declined significantly since river regulation, and in 
response to the more recent drought. As an indicator, Newall et al. (2009) report 
that in 2006 only 24% of trees were considered healthy in the Chowilla Floodplain 
portion of the asset. Newall et al. (2009) conclude that this decline represents a clear 
change in ecological character of the Riverland Ramsar site, though it still meets the 
criteria for listing.

The current condition of the site should not be seen as reason for inaction. Newall 
et al. (2009) also identify the positive response from recent watering activities 
undertaken by South Australia and The Living Murray in the Chowilla Floodplain. 
Positive response was observed in tree and understorey vegetation, and a variety of 
fauna species. While the watering activities have been localised, they indicate the 
likelihood of recovery of the broader asset in response to broader actions. For this 
reason, objective targets have not been modified in response to current condition.
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Impact of proposed environmental works and 
measures at Chowilla Floodplain
Major works are proposed for the Chowilla Floodplain, which will enable watering 
of about 35% of the 17,700 ha Chowilla Floodplain under regulated flow conditions 
and without reliance on flood flows. While the works are able to achieve significant 
benefits, they are not a complete solution for the asset. They affect only about 10% 
of the asset as a whole, and there are currently no equivalent works solutions for the 
remainder of the asset (most of the asset topography does not allow for the same 
kind of approach). The operation of the works also has risks associated with salinity 
impacts and potential adverse effects on large-bodied fish populations, particularly 
Murray cod (listed under the Environment Protection and Biodiversity Conservation 
Act). The proposed works have not been included in the assessment of environmental 
water requirements for the asset because of these issues.
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