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Overview of the Basin environmental watering priorities
The Basin annual environmental watering priorities (the priorities) guide the annual planning and
prioritisation of environmental watering across the Murray ̶ Darling Basin. They represent annual
steps to guide environmental watering to meet the long-term outcomes in the Basin-wide
environmental watering strategy and aim to deliver the Basin Plan's objectives of protecting and
restoring the Basin's rivers, wetlands and floodplains.
This report has been produced principally for holders and managers of environmental water —
the Commonwealth Environmental Water Holder (CEWH) and Basin states — who will be guided
by the Basin-wide priorities outlined in this report when they undertake environmental watering.
These are the fifth environmental watering priorities prepared under Division 5, Chapter 8 of the
Basin Plan and in accordance with the Guidelines for the method to determine priorities for
applying environmental water.

Climate context for 2017–18
The MDBA anticipates the water resource availability scenario in 2017–18 will be ‘wet’, with a
chance of drying later in the year. The MDBA's assessment of water resource availability is
based on:




analysis of antecedent conditions and surface water availability in Murray ̶ Darling Basin
catchments
the Bureau of Meteorology's climate outlook and El Niño–Southern Oscillation wrap up
consultation with environmental water holders and managers.

The results of the calculation of the water resource availability scenario in the Basin are reported
in Appendix 1.
The Bureau of Meteorology’s most recent ENSO Outlook is El Niño INACTIVE. All eight
international models surveyed by the Bureau suggest tropical Pacific Ocean temperatures are
likely to remain ENSO-neutral for the second half of 2017. Most models indicate an increased
chance of warmer and drier than average conditions for Australia over winter.
The water resource availability scenario will be calculated and communicated periodically
throughout the year. This will enable the MDBA to update the priorities in response to significant
changes in climate conditions and water resource availability.

Current conditions and key opportunities
Higher than average rainfall in 2016 resulted in much higher river flows and widespread
inundation of wetlands and floodplains. These natural events watered many parts of the Basin’s
ecosystems including the Gwydir Wetlands, the Macquarie Marshes, mid-Murrumbidgee
wetlands, Booligal Wetlands and parts of the floodplains of the Murray, Murrumbidgee, Lachlan
and Goulburn rivers. Environmental water holders and managers augmented natural flows in
selected instances to ensure important breeding and recruitment cycles were completed.
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Although improved by the 2016 flows, the condition of the Basin's rivers and wetlands is mixed.
Many sites and species need follow-up watering to build on the benefits the 2016 flows produced
and to boost their resilience for the dry periods that will inevitably return.
Conditions in most catchments, combined with relatively large volumes of held environmental
water in storages, present opportunities unseen for 25 years to improve the condition of the
Basin's water-dependent ecosystems. The priorities have been developed to encourage water
managers and holders to capitalise on this opportunity to improve the condition of native
vegetation, support healthier populations of waterbirds and native fish, and improve flows
throughout the river system.

Multi-year priorities
In previous years, the MDBA published Basin annual environmental watering priorities that were
only applicable to the forthcoming water year. This year we have identified priorities that have
multi-year components and priorities that recommend watering actions for each resource
availability scenario. While these priorities are framed in the medium-term, for the purposes of
Chapter 8 of the Basin Plan they constitute the Basin annual environmental watering priorities for
2017–18.
This change to multi-year priorities is a response to experience that shows that a medium-term
perspective would better enable water managers to have regard to the priorities in their annual
planning processes and, to provide environmental watering in line with the priorities should
climate conditions rapidly change.
The new approach is also better suited to build towards the environmental outcomes in the
Basin-wide environmental watering strategy as the multi-year framework provides a consistent
approach across a longer timeframe.
This change recognises that for some environmental objectives to be realised, a series of
watering actions needs to occur over a number of successive years. For example, successful
recruitment of fish requires particular types of flows to support different life stages from spawning
to adulthood.
There has also been a recognition that for some environmental objectives to be achieved the
same sorts of watering actions are required in consecutive years. For example, to improve the
extent of Moira grass, watering should happen each spring provided there is sufficient
environmental water available. This approach applies to a number of environmental outcomes
sought in the Basin-wide environmental watering strategy.
Additional priorities that consider the full range of resource availability scenarios will be identified
in the future as knowledge about ecological condition and response to watering grows.
Other priorities have been set in response to current conditions or emerging issues that need to
be supported or ameliorated with environmental water. An example of this is the priority to
consolidate the growth of saplings on floodplains in response to outcomes that occurred in the
last water year. To capture information on current conditions and emerging issues, we rely on
data from monitoring and evaluation programs and information provided by Basin states, onground managers and the CEWH.
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Annual conditions will always influence the objectives sought from year to year. Where possible,
priorities set out implementation actions with a longer-term view and provide some guidance on
annual implementation based on anticipated seasonal conditions.

Basin environmental watering priorities
The priorities in this report are essential steps to support the achievement of the expected
outcomes set out in the Basin-wide environmental watering strategy. Each priority, summarised
below, is addressed in detail in the technical summaries of the Basin environmental watering
priorities. The technical summaries set out both longer-term and annual guidance for water
managers and holders. Implementation of the priorities will require effective use of all water,
including consumptive water on route to users.

Native fish
In the long term, ecological processes need to be reinstated to support native fish
recruitment, in particular to sustain and build on fish recruitment from earlier years, as
well as to encourage new recruitment opportunities.
The priorities for native fish are to:





Support Basin-scale population recovery of native fish by reinstating flows that promote
key ecological processes across local, regional and system scales for the southern
connected Basin.
Improve flow regimes and connectivity to maximise the ecological function of the Barwon–
Darling river system for native fish.
Support viable populations of threatened native fish and maximise opportunities for range
expansion and the establishment of new populations.

Waterbirds
The priority for waterbirds is to improve the abundance and diversity of the Basin’s
waterbird population by using the following environmental flow management strategies:









Avoid the loss of foraging and roosting habitat at refuge locations
Maintain foraging and roosting habitat at refuge locations
Support naturally triggered breeding
Maintain waterbird breeding habitat in ‘event ready’ condition
Trigger and provide support for small-scale breeding across functional feeding groups
Trigger and provide ongoing support for small-to-moderate scale breeding across
functional feeding groups
Create a mosaic of wetland habitats suitable for functional feeding groups
Improve the opportunities for large-scale breeding for colonial nesting waterbirds.

Not all strategies are relevant to all waterbird sites in each water year. Which strategies water
managers employ will depend on prevailing climate conditions and the condition of each wetland.
Relevant strategies for the 2017–18 water year are set out in Table 5, and will be updated when
conditions change.
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Native vegetation
The native vegetation priorities focus on improving the condition of native vegetation to
build on outcomes from flooding during 2016.
The priorities for native vegetation are to:




Enable recruitment of trees and support growth of understorey species within river red
gum, black box and coolibah communities on floodplains that received overbank flooding
during 2016 by inundating the floodplains again.
Improve the condition and extent of Moira grass in Barmah–Millewa Forest. Identifying
which priority to employ will depend on the resource availability scenario as set out in
Table 6.

River flows and connectivity
The priority for river flows and connectivity is to:


Improve connectivity between freshwater, estuarine and marine environments and
improve habitat conditions in the Coorong by optimising and managing inflows through
the Lower Lakes. Not all priorities are relevant in each water year. Identifying which
priorities to employ will depend on the resource availability scenario, as set out in Table 7,
and the condition of the Coorong, Lower Lakes and Murray Mouth.

Basin’s water-dependent ecosystems will take time to recover
Improving the ecological condition of the Basin is a long-term goal of the Basin Plan. It will take
some time for the ecosystems of the Basin to respond, especially slower-growing species and
those with long life cycles. During this lag phase a muted response is anticipated (as set out in
the Basin-wide environmental watering strategy) with greater improvements in some areas than
others. In the long term as the Basin Plan measures are implemented (e.g. sustainable diversion
limits in place and environmental works and measures built) we expect greater improvement in
ecological condition across the Basin.
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Figure 1: Map of Basin-wide environmental watering priorities
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State priorities
The Basin states are required to provide the MDBA with annual environmental watering priorities
in each water resource plan area by 31 May each year. The MDBA has received annual priorities
from New South Wales, Victoria, South Australia, Queensland and the Australian Capital
Territory that list priorities at a regional scale. The MDBA had regard to these regional priorities
as it finalised the Basin priorities.
The 2017–18 Basin state priorities generally complement the Basin-wide priorities in this report.
This is the result of consultation on the needs and opportunities for environmental watering within
the framework provided by the Basin Plan and the Basin-wide environmental watering strategy. A
good example of Basin state priorities and Basin priorities complementing one another is this
year’s Victorian environmental watering objectives for Barmah Forest and the Basin-scale
priorities for Moira grass, sapling recruitment and waterbird recruitment.
The MDBA and Basin states have different but complementary roles in planning environmental
watering. This means that the Basin priorities are not an exclusive list — state priorities may be
more detailed, at the regional scale. Additionally, many regional priorities will support and
contribute to the expected outcomes outlined in the Basin-wide environmental watering strategy.
For example, while the southern bell frog is not listed in the Basin priorities it is listed in a number
of state priorities; 2017–18 state priorities that aim to support the southern bell frog may also
support vegetation outcomes listed in the strategy.

Aboriginal environmental outcomes
The Murray Lower Darling Rivers Indigenous Nations (MLDRIN) and the Northern Basin
Aboriginal Nations (NBAN) are working with the MDBA on ways to integrate Aboriginal people’s
perspectives into long-term and annual environmental water planning. Case studies have been
written describing where Aboriginal environmental outcomes have occurred locally from past
environmental watering events. These case studies can be found on the MDBA website.
Over time, information on Aboriginal environmental outcomes will be expanded to the Basin
scale, drawing on knowledge gained through projects like Use and Occupancy Mapping and the
Aboriginal Waterways Assessment. The objective is for MLDRIN and NBAN to be able to provide
long-term strategic advice on Aboriginal environmental outcomes at the Basin scale and
contribute to environmental water planning and decision making.
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Technical summaries of the Basin environmental watering priorities
Native fish
Changes to natural flow regimes have degraded fish habitat and reduced connectivity across the
Basin. This has caused a significant decline in abundance and distribution of most native fish species.
Research has shown that native fish evolved to exploit natural river flow patterns such as local
rising and falling water levels, connection between offstream habitats and the main river
channels, and system-scale connections between large river systems such as the Darling and
Murray rivers. Returning elements of these river flow patterns across multiple spatial scales is
important to restore native fish populations.
The following priorities identify a series of watering actions for the next few years based on new
information on fish habitat, recruitment and movement. These priorities set out actions to benefit
native fish under dry through to very wet conditions. Outcomes can be achieved using
consumptive and operational water as well as environmental water. Coordinated management
actions are also needed to more effectively address the needs of native fish, as ecological
processes for many species cross catchment boundaries. Natural flooding, when it occurs, can
provide food resources, habitat and flow cues that will further benefit native fish.
Managing carp risks
Carp populations in the Basin are large and have been so for many decades. Carp are a
“generalist” species that particularly benefit from regulated rivers.
Environmental watering benefits native fish, vegetation and birds, and supports natural
processes. Unfortunately carp are now a major part of the fish community and all water, including
environmental water, will unavoidably also benefit carp.
Water managers are always aware of the risk of carp. In planning for environmental watering,
managers carefully weigh up the likely benefits to native animals, plants and ecosystems versus
potential benefits to carp. Where possible, actions are taken to minimise the benefits to carp. For
example, adjusting the timing of flows to periods less likely to benefit carp or by achieving what
outcomes are possible with in-channel flows. However, it is not always possible to exclude any
benefit to carp.
In the absence of major action to reduce their numbers, carp populations will remain high in the
Basin. The MDBA supports the control of carp using the carp herpes virus as part of a National
Carp Control Plan when the risks to the environment and community concerns have been
suitably addressed.

Connect southern Basin rivers to recover native fish populations
Support Basin-scale population recovery of native fish by reinstating flows that promote
key ecological processes across local, regional and system scales for the southern
connected Basin.
This priority encourages coordination and linking of flows in different rivers. This will restore
system-scale recruitment processes that promote population recovery of silver perch, golden
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perch and lamprey. This priority also supports flows that improve recruitment of Murray cod and
trout cod in the southern Basin.
The priority focuses on providing a suitable flow regime for species that live, and respond to
flows, in river channels and anabranches. Connection between the main river channels and
floodplains is important for native fish, particularly small-bodied species, but is not the focus of
this priority. Natural overbank flooding, should it occur, will provide benefits such as food
resources and habitat for all native fish species.
This priority, and the Connect river flows to improve outcomes for native fish throughout the
Barwon–Darling and into the southern and northern Basins priority are linked by a common goal
of meeting recruitment outcomes for fish that rely on landscape-scale (hundreds to thousands of
kilometres) processes during their life cycle.
Rolling multi-year implementation
Four flow components that are ecologically significant for native fish recruitment throughout the
southern connected Basin are the focus of this priority:
•
•
•
•

end-of-system flows through the barrage fishways and the barrages
winter flows for food, habitat, and connectivity between habitats within channels
flows that support breeding activity in spring
flows that support dispersal movements in spring, summer and autumn.

Flows that support recruitment processes in spring, summer and autumn will also provide food,
habitat, and connectivity between habitats.
There are different recruitment objectives for each of the target fish species, as outlined in Table 1.
Table 1: Species-specific objectives of ‘Connect southern Basin rivers to recover native fish populations’

Species
Murray cod
and trout cod

Silver perch

Golden perch

Short-headed
and pouched
lamprey

Objectives
Support regular local recruitment in:
 the main channel of the River Murray (for both cod species) and
lower Darling River (for Murray cod only) ; and
 regulated anabranches and tributaries.
 Support annual system-scale recruitment in the mid-Murray.
 Support regular local recruitment in the lower River Murray, lower
Darling River, tributaries and anabranches.
 Promote movement and dispersal, particularly of juveniles, into
tributaries and anabranches.
 Capitalise on episodic system-scale recruitment from the Darling
River (including the Menindee Lakes and lower Darling River).
 Support regular system-scale recruitment in the mid-Murray.
 Support regular local recruitment in the lower River Murray, lower
Darling River, tributaries and anabranches.
 Promote movement and dispersal, particularly of juveniles, into
tributaries and anabranches.
Support system-scale migrations of lamprey:
 from the ocean, through the estuary and into the River Murray
 to upstream breeding grounds
 return to the ocean.
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New research improving understanding of silver perch
The River Murray, particularly the mid-Murray, is considered to be the stronghold population of
silver perch in the Murray ̶ Darling Basin. A recent study of the distribution and population
structure of silver perch in the River Murray has revealed that very few fish are living beyond
seven years of age. This means it is important to ensure the survival of cohorts that provide the
best prospects for successful breeding (currently one and two-year old fish) to maintain a
sustainable population. In all years, managers are encouraged to provide flows that support
survival, recruitment and dispersal of this threatened species.
In the absence of suitable natural flows, active flow management can support recruitment
processes for all of the species this priority targets. Flow actions that can support recruitment are
outlined in Table 2. Many of these actions can be achieved every year and managers are
encouraged to implement them where possible to maximise recruitment of targeted species.
The Menindee Lakes and lower Darling River are important contributors to native fish
populations, particularly golden perch, in the southern connected Basin. In addition to the flow
actions outlined in Table 2, to support native fish in the southern connected Basin, managers are
encouraged to:





provide opportunities to disperse young golden perch already in the Menindee Lakes and
lower Darling River throughout the southern connected Basin
capitalise on upstream golden perch spawning events
provide flows that protect the significant population of Murray cod in the lower Darling River
avoid cease-to-flow events in the lower Darling River.

Refer also to the Connect river flows to improve outcomes for native fish throughout the Barwon–
Darling and into the southern and northern Basins priority.
Table 2: Important flow outcomes that maximise recruitment of target species

Flow outcome
End-of-system flows
Flow integrity in the
lower Murray
Base flows in
anabranches and
tributaries
Spring rise in
anabranches and
tributaries
Reducing unnatural
variability and
maintaining levels in
anabranches and
tributaries

Description
End-of-system flows through the barrage fishways and the
barrages during June to September to support spawning
migrations of short-headed and pouched lamprey.
Flow integrity throughout the lower River Murray in winter and
spring to cue short-headed and pouched lamprey to migrate
upstream and provide movement and recruitment benefits for
other fish species.
Sufficient base flows in anabranches and tributaries over
winter and early spring for sufficient habitat for adult and
young Murray cod, golden perch, silver perch and trout cod to
co-exist.
Late-winter-early spring rise in anabranches and minor
tributaries to encourage Murray cod and trout cod nesting.
Maintaining river levels that inundate nesting habitat (e.g.
hollow logs and snags) throughout the breeding season to
avoid nest abandonment and improve recruitment of Murray
cod and trout cod. Applies to anabranches and minor
tributaries between October and February.
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Flow outcome
Spring rise in main river
channels
Variable flow in main
river channels
Flow integrity for egg and
larvae drift
Flow integrity in the
Barwon–Darling system
Flows to offstream
nursery habitat
In-channel dispersal
flows throughout the
system

Description
In main river channels, a late-winter-early spring rise to cue
adult spawning migrations of golden perch and silver perch.
Following the spring rise, a rising, variable flow in the main
river channels in November and December to stimulate golden
perch and silver perch spawning.
Maintaining the integrity of the spawning flow pulses through
the system, particularly through weirpools, to allow eggs and
larvae to drift uninterrupted to suitable nursery habitats.
Flows through the Barwon-Darling river system and into the
lower Darling River and River Murray to cue golden perch
spawning and allow eggs and larvae to drift into the Menindee
Lakes and other nursery habitats.
Flows to deposit eggs and larvae into offstream nursery
habitats, maintain water levels and, when young fish are
suitably developed, provide flows to re-connect to the main
river channel to stimulate fish to disperse.
In-channel dispersal flow pulses in late summer and autumn,
firstly from major tributaries and then conveying the pulse
downstream, to connect recruitment hotspots to areas that
have the potential to host new populations.

Annual guidance
Conditions in 2016–17 have resulted in:


large-scale breeding of Murray cod in the lower Darling River



large-scale recruitment of golden perch in the Menindee Lakes



dispersal of large numbers of juvenile golden perch into the lower Darling River, Darling
Anabranch and River Murray



dispersal of large numbers of juvenile silver perch in the River Murray and tributaries



hypoxic events resulting in fish kills in the River Murray



minimal lamprey migration upstream through barrages and barrage fishways.

In light of conditions in 2016–17, and anticipated conditions for 2017–18, the focus of this priority
is to build on previous recruitment events, create further recruitment opportunities and support
lamprey migration. Implementation should include measures that support:


a series of flow events over the next 12-24 months to disperse the 2016–17 cohort of
young Murray cod, and encourage young silver perch and the 2016–17 cohort of golden
perch to complete staged migrations throughout the southern connected Basin



flows in anabranches and tributaries that maintain habitat and water quality and support
food production over winter and early spring to improve survival of young silver perch, and
other species, in these areas



a series of flow events that maintain annual recruitment of silver perch in the Murray,
particularly the critical population in the mid-Murray region
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end-of-system flows that cue spawning migrations of short-headed and pouched lamprey.
These flows should occur between June to September in 2017 and again from June to
September in 2018.

Wet conditions in the southern connected Basin will increase opportunities to achieve this
priority. As the amount of environmental water available increases, the priority can be
implemented across a larger area of the river system. Higher end-of-system flows, increased
winter base flows, increasing the number of anabranches receiving flows, a greater number of
pulses and a greater number of tributaries connecting with the River Murray are all possible with
increased water availability.
Water holders and managers are encouraged to take advantage of the conditions and look to
implement large-scale actions. Coordinating actions throughout the southern connected Basin is
fundamental to this priority so that the benefits are achieved across multiple catchments. This is
a key role for the Southern Connected Basin Environmental Watering Committee and MDBA
River Operations in collaboration with Operational Advisory Groups. Coordination and
collaboration will achieve greater benefits for native fish at the system-scale, with flow-on effects
for individual catchments.
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Connect river flows to improve outcomes for native fish throughout the Barwon–
Darling and into the southern and northern Basins
Improve flow regimes and connectivity to maximise the ecological function of the
Barwon–Darling river system for native fish.
The Barwon-Darling river system plays a vital role in the function of the Murray̶ Darling Basin and
is particularly important for native fish communities. It is:





the only physical (hydrological) and ecological connection for water-dependent biota
between northern and southern rivers
an important water and nutrient source for flows in the River Murray
recognised as an endangered ecological community under the Fisheries Management Act
1994 (NSW)
a Basin-significant breeding and recruitment zone for native fish - a source of young
golden perch, silver perch and Murray cod for both the northern and southern Basin.

The Barwon–Darling river system is particularly significant for golden perch. Flows in northern
tributaries and into the Barwon–Darling trigger migration by adults, spawning, and then transport
eggs, larvae and young fish great distances. These flows can deposit many of the young fish into
highly productive nursery habitat in the Menindee Lakes – where they demonstrate strong growth
and survival rates. From here, flows can help fish move into connected rivers in the southern and
northern Basins.
Water use has caused major reductions in the frequency and duration of flow and flood events in
the Barwon–Darling river system. These changes have reduced native fish populations, as well
as other animals and plants. Returning suitable flow regimes is vital to ensure that the river
system is able to perform its key functions and support native fish populations
This priority aims to improve flow regimes and connectivity for the Barwon–Darling river system
to create better outcomes for native fish through improved recruitment, spawning and dispersal in
the Barwon–Darling and into the connected northern and southern catchments.
This priority and the Connecting southern Basin rivers to recover native fish populations [add link
to following priority] priority are linked by a common goal of meeting recruitment outcomes for fish
that rely on landscape-scale (hundreds to thousands of kilometres) processes during their life
cycle.
Rolling multi-year implementation
For the Barwon–Darling to deliver its key functions for native fish it is critical that sufficient flows
from upstream catchments are retained in the system and reach the lower Darling/Menindee
Lakes system. Equally critical is the unimpeded transfer of a significant proportion of these river
flows through to the lower Darling River (and ultimately the River Murray) below Menindee.
The Barwon-Darling is largely unregulated, limiting the ability to actively manage and deliver
water. Protecting environmental flows is a key management option. Some of the northern
tributaries are regulated with dams, which provides options for managing some types of flow
events.
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This priority has three key focus areas:




Improve flow variability in the Barwon–Darling to support native fish.
Capitalise on natural recruitment flows through the Barwon–Darling to boost native fish
populations.
Increase flow connections between the Barwon–Darling and its tributaries.

Improve flow variability in the Barwon–Darling to support native fish
The historic flow regime of the Barwon–Darling is highly variable, dominated by near continuous
lower flows (base flows combined with low flows or small to medium freshes) interspersed with
episodic larger flows and floods. Historically, cease-to-flow events in the Barwon–Darling were rare.
This variability has considerably diminished. Cease-to-flow events are now more frequent and/or
of longer duration than would have occurred historically. Over the long term, reinstating a more
natural pattern of flow variability within the Barwon–Darling river channel is essential to maintain
and recover native fish communities.
Base flows, low flows, and small, medium and large freshes all provide a range of functions and
benefits for native fish communities (see Table 3). These different flows can maintain water
quality, increase movement opportunities and improve access to in-channel habitats like snags.
Freshes that inundate river benches and backwaters enable regular inputs of nutrients,
supporting productivity and food webs. Higher flows are particularly important, providing an
energy boost that drives the ecology of the Barwon–Darling.
Table 3: Variable flow types to improve fish outcomes for the Barwon–Darling

Flow type

Frequency and
timing

Ecological outcomes sought

Base flows

In almost all years,
preferably at least
throughout spring,
summer and
autumn.
In almost all years,
preferably between
September and
April.

Sustain in-channel habitat, maintain dry season/drought refuges
(water quality and volume) for native fish. The key objective is to
prevent contraction of the Barwon–Darling to pools in warmer
seasons and resultant poor water quality due to increased
stratification.
Longitudinal connectivity between instream barriers – may achieve
shorter fish movements. Enhance fish access to instream habitats –
inundating some snags and benches outside of weirpools. Support
ecosystem functions including nutrient cycling. May trigger spawning
or recruitment in some species. Maintain water quality in-channel
and refuge pools.

Low flows

Small
freshes

In almost all years.

Example: Bourke flows at 500ML/day for 50 days (with a minimum
peak of 1,500ML/day for 14 days) would result in inundation of 3040% of snags between Walgett and Wilcannia.
Longitudinal connectivity that may achieve short to moderate fish
movements. Improved habitat availability – inundating a larger
proportion of snags and benches. Support ecosystem functions
including nutrient cycling. Aimed at maintenance and condition of
native fish but may result in recruitment flows for some species.
Example: Bourke flows at 6,000ML/day for at least 14 days would
result in inundation of 47-59% of snags between Brewarrina to
Bourke and 76-88% of benches between Walgett to Brewarrina.
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Flow type

Frequency and
timing

Ecological outcomes sought

Medium
freshes

In almost all years,
preferably between
August and May.

Larger-scale movement outcomes from drown-out of most major
weirs. Inundation of large areas of instream habitat (snags and
benches). Food production. Recruitment outcomes for some key
species.

Medium
fresh with a
peak

In some years
preferably between
September and
April.

Large
freshes

In some years,
preferably between
September and
April.

Overbank
flows

Example: Bourke flows (approx 10,000ML/day) of at least 14-20
days duration will connect with the Menindee Lakes and allow fish
movement over 1,100km between Walgett and Menindee and
inundate between 68-90% of snags and 96-99% of benches
between Brewarrina and Bourke.
As above, but in addition targeting spawning and recruitment
outcomes for golden perch and silver perch by including a flow peak.
Example: At Bourke adding a flow peak to a medium fresh, with the
peak constituting a minimum of 15,000 ML/day for at least five days.
Major recruitment outcomes. Large-scale fish movements,
including dispersal of young with large areas of instream habitat
(snags and benches). Food production.
Example: Flows at Wilcannia of at least 20,000ML/day will
connect with the Menindee Lakes, inundate between 75% of
snags between Wilcannia and Tilpa, and 100% of benches
between Wilcannia and Brewarrina.
Note: Likely to result mostly from natural flow events.
Note: Natural flooding – not a target for water managers. May
require some management to ensure integrity of flow transit
downstream. Natural flooding provides significant increases in
food production, habitat and movement cues, resulting in major
recruitment outcomes.

Capitalise on natural recruitment flows through the Barwon–Darling to boost native fish populations
Large flow events are crucial for native fish in the Barwon–Darling. These flows can originate in
the upper parts of the system, for example the Border Rivers, and then flow through the Barwon–
Darling River. However, these events are now much less frequent. These types of flow events
are important as they can over-top weirs, allowing greater movement opportunities, and produce
large recruitment events for native fish.
Ideally, the integrity of these (typically larger) flows along the Barwon–Darling would be
maintained. This would promote uninterrupted development of eggs, larvae and juvenile fish
down the Barwon–Darling and dispersal into nursery habitat in the lower Darling and Menindee
Lakes system.
When these large events occur, efforts should be made to capitalise on the opportunities that
arise to boost native fish populations, particularly golden perch, by supporting flows that:





promote primary production to boost food supply, particularly for young fish
enable adult fish to move to and from spawning areas
improve survival of eggs, larvae and young fish
promote dispersal of young fish into northern rivers and into the southern Basin.
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Ensuring Barwon–Darling River flows are sufficient to maintain adequate water quality and water
levels, particularly in the lower Darling River and Menindee Lakes, will also boost young fish
survival and growth. Once developed, dispersal of young fish from this region into the southern
connected Basin can be aided by water releases from the Menindee Lakes to the lower Darling
River. Dispersal into northern catchments can occur when fresh events cue upstream movement
of juveniles. The outcomes of this priority would be better supported if fish passage at several
large barriers in the Barwon–Darling River and in individual tributaries was improved through
increased flows and/or fishways.
Increase flow connections between the Barwon–Darling and its tributaries
There are also great benefits for native fish by connecting the Barwon–Darling and its tributaries
on a smaller scale. Connected river flows promote the exchange of fish, nutrients and other biota
between systems. Connecting tributaries promotes the movement of native fish, particularly of
juvenile and sub-adult golden perch, Murray cod and silver perch into tributary habitats, boosting
resident populations.
Valleys that can feature in achieving this priority include the Namoi, Macquarie-Castlereagh,
Border Rivers, Culgoa, Bokhara, Gwydir and Warrego rivers. Some tributaries have stronger
hydrological connections to the Barwon–Darling and may provide more opportunities for
connections. In the lower reaches of some of these tributaries barriers impede successful
upstream movement of fish under most flow conditions. Providing fish passage through these
barriers, particularly at lower flow volumes, would significantly improve the outcomes of this
priority.
Annual guidance
High flows in the Barwon–Darling in winter-spring 2016 provided a large natural recruitment of
several native fish species. Large numbers of juvenile golden perch have developed in the
Menindee Lakes. Strong recruitment of Murray cod has also occurred in the lower Darling.
Barwon–Darling flows over the next 12-24 months can aid dispersal of young golden perch, silver
perch and Murray cod fish to the north via staged migrations. Similarly, Barwon–Darling flows
may help disperse these young fish into the southern Basin. In 2017–18, if conditions arise that
produce potential recruitment flows through the Barwon–Darling in spring-summer, protecting
these flows as they travel downstream would support further large-scale fish recruitment events.
Opportunities to provide flow variability in the Barwon–Darling arise in most years, particularly
base flows, low flows and small freshes. Opportunties to provide or supplement events to
achieve better flow variability in the Barwon–Darling are likely under the expected conditions in
2017–18. Water managers are encouraged to take advantage of these opportunities under this
priority. A number of opportunities have arisen in 2017 to connect tributaries with the Barwon–
Darling to benefit native fish and similar opportunities are likely to arise in 2017–18.
Environmental water holders and managers should aim to support and enhance these
connections (e.g. extend duration) where possible. Recent successful recruitment events provide
an opportunity to disperse young fish into northern rivers. In particular, tributary connections to
the Barwon–Darling in 2017–18 may help young fish reach tributaries and thereby help boost
local fish populations.
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Support and improve threatened fish populations
Support viable populations of threatened native fish and maximise opportunities for range
expansion and the establishment of new populations.
The conservation status of native freshwater fish in the Murray–Darling Basin is of great concern:




Almost half of all species are listed under national, state or territory threatened species
legislation.
Many species have declined in their abundance and in the extent of the range they
occupy.
The Native Fish Strategy 2003–2013 estimated that fish populations had dropped to as
low as 10% of their historical levels.

This priority seeks to improve the long-term viability of threatened native fish in the Murray–
Darling Basin by recommending management actions for environmental water, alongside other
measures. Water managers are encouraged to work with threatened species recovery agencies
to achieve this priority.
Rolling multi-year implementation
Achieving this priority will help to meet the long-term outcome sought for threatened fish in the
Basin-wide environmental watering strategy: for sustainable native fish populations occupying a
greater proportion of their historic distribution than they do now. Over time, increased ranges will
allow river flows to reconnect populations in the Basin more regularly, building more resilient
populations.
The focus for managing threatened species is to first protect remaining populations and increase
the areas they occupy. This is imperative to reduce the risk of populations going extinct. Boosting
threatened fish numbers and range during moderate to wet times is insurance against potential
losses in dry or very dry conditions. The long-term goal for many threatened fish is to reinstate a
network of populations that can connect with each other through flows, and disperse and
colonise habitat more regularly.
Actions in line with this priority will be needed over several years to achieve significant outcomes
for threatened fish species, particularly at a broad spatial scale.
In dry or very dry conditions, actions that protect refuges and instream habitats, provide inchannel flow variability, maintain river connectivity and secure water supply to key populations
isolated from river channels are the main focus of this priority. Flows can be provided to ensure
that essential functions for populations can be met, such as food production, maintaining water
quality and quantity in waterholes, as well as allowing localised movements to occur.
Some breeding opportunities can also be supported under drier conditions. Short-lived species
are particularly vulnerable because of their short lifespans and need for regular (in some cases
annual) spawning and recruitment. They are a high priority, particularly under a very dry or dry
scenario. Opportunities to expand populations or establish new populations are less likely under
drier conditions but some opportunities may arise, particularly at discrete sites. Establishment or
maintenance of surrogate populations will also be necessary as a risk management strategy
under very dry conditions.
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Moderate and wet to very wet conditions enable multiple actions to be taken for a greater range
of species and sites. This includes more opportunities to provide and protect suitable flow
conditions for expanding species’ range and establishing new populations. Providing flows will
continue to ensure that essential functions for populations can be met, such as providing food
and breeding opportunities. Greater movement opportunities arise under these conditions
including promoting long-distance movements, migration and dispersal. Lateral connectivity,
including follow-up connections to allow fish to exit off-channel habitats and for dispersal of
offspring, is also a key action under these scenarios.
To ensure long-term viability of threatened fish, under the Basin Plan it is also important for water
managers to work towards increasing the area that populations occupy. Where populations are
disconnected from each other, or locally extinct, strategic re-introductions will be needed to
achieve the outcomes of the Basin-wide environmental watering strategy.
To increase the area that threatened species occupy and to build fish numbers, a number of
steps can be taken in a process that spans multiple years (seeTable 4). Water management
plays a vital role, alongside other measures, to maximise opportunities for re-introducing
threatened species.
Table 4: Flow management actions to support reintroduction of threatened fish

Steps to re-introduction
Protect and boost key source
populations
Support temporary surrogate
sites and populations that can
then start new permanent
populations
Identify and prepare sites to
establish permanent
populations
Support fish stocked into
reintroduction sites and secure
their long-term future

Flow management actions
Create suitable habitat for adult and young fish to coexist.
Provide a suitable flow regime to encourage recruitment.
Maintain habitat including suitable conditions (salinity,
turbidity) and food sources, and to ensure that refuges
are available during dry conditions.
Provide a suitable flow regime to encourage recruitment.
Restore a suitable flow regime for the fish species to be
re-introduced and the habitat and food sources they
require.
Maintain the established flow regime and provide flows
that support recruitment and, when sufficient numbers
exist, dispersal.

To build up populations of some fish species, cooperation is required between managers of
different sites and populations. For example, source fish (including fish of suitable genetic
lineages) may no longer be in the planned re-introduction area and donor fish from other
sources, potentially from interstate, may be needed to re-establish populations.
Surrogate sites are often an important stepping stone to reintroduce fish to more permanent
sites. This sets up small populations to breed in temporary sites, later stocking them into more
permanent sites. Surrogate sites can be small and only require small volumes of water secured
over the short term (e.g. 2-5 years). For some species, surrogate sites may not be sufficient and
hatchery production may be a viable option to boost fish numbers for conservation stocking. In
the case of Macquarie perch, finding reliable captive breeding methods is particularly important to
supplement the low numbers of offspring from many existing populations and surrogate sites.
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Many threatened fish species, particularly short-lived and small-bodied species, prefer wetland
habitats. Wetlands can also function as prime nursery habitat for key recreational species like
golden perch and silver perch. Reduced floodplain and overbank flows have heavily impacted
these habitats and water recovery may not be sufficient to restore suitable and regular watering
to all of the habitats species used to occupy. This may require a more flexible approach –
identifying potential reintroduction sites in wetlands and habitats that have more secure water
futures and reinstating their functionality for fish. Complementary measures, like carp control,
may be needed to support such initiatives.
Annual guidance
Widespread flooding in 2016 is likely to have refreshed or created habitats that might be suitable
to support threatened species. This provides a greater array of candidate sites where fish can be
introduced and populations secured into the future through managed water. The current and
likely future water availability further improves opportunities over the next few years to establish
new populations.
Many catchments across the Basin offer opportunities to improve outcomes for threatened native
fish. Similarly, many sites and species are potential candidates to expand their range or to
establish new populations. Positive outcomes can be achieved for threatened fish under all
resource availability scenarios.
Water managers can support a range of actions, alongside other measures, to maintain and
improve existing populations of threatened fish. This can be done by protecting or providing flows
that:







drive ecosystem processes that underpin populations, such as food production and
maintaining suitable water quality
maintain and enhance instream habitats and refuges
create connectivity between key areas to maintain and improve existing populations and
encourage range expansion
meet hydrological conditions for successful recruitment for threatened species where they
occur
help threatened species expand their range
maintain populations and support successful recruitment of threatened fish in unregulated
systems.

This priority should also be read in conjunction with the Freshwater connectivity through the
Coorong, Lower Lakes and Murray Mouth priority for further detail on supporting recovery of
threatened fish populations in the Lower Lakes.
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Waterbirds
Aerial waterbird surveys conducted over eastern Australia show that waterbird numbers have
declined by more than 70% in total population since surveys began in 1983 (refer to Figure 2).
The Basin-wide environmental watering strategy outlines targets to restore waterbird populations
to levels similar to those in the early 1990s. These levels are necessary to ensure populations
are large enough to survive dry conditions as well as other changes to the Basin’s river systems.

Figure 2: Waterbird abundance across the Murray̶ Darling Basin 1983-2016 (as estimated during aerial
waterbird surveys)

Waterbirds are known to use specific sites across the Basin. To restore waterbird numbers, a
coordinated effort is needed to maximise successful breeding across these sites. The key
waterbird sites that are significant at the Basin-scale are set out in Appendix 4 of the Basin-wide
environmental watering strategy.
The priority for waterbirds reflects the highly mobile nature of waterbirds and the uncertainties
about where and when they will breed. While it is possible to identify strategies to improve
waterbird abundance and diversity, how these strategies are applied to each location will depend
on how waterbirds respond to conditions.

Improve the abundance and diversity of the Basin’s waterbird population
Improve the abundance and diversity of the Basin’s waterbird population by using the
following environmental flow management strategies:


Avoid the loss of foraging and roosting habitat at refuge locations



Maintain foraging and roosting habitat at refuge locations



Support naturally triggered breeding



Maintain waterbird breeding habitat in ‘event ready’ condition



Trigger and provide support for small-scale breeding across functional feeding
groups
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Trigger and provide ongoing support for small to moderate scale breeding across
functional feeding groups



Create a mosaic of wetland habitats suitable for functional feeding groups



Improve the opportunities for large-scale breeding for colonial nesting waterbirds.

Not all strategies are relevant to all waterbird sites in each water year. Which strategies
water managers employ will depend on prevailing climate conditions and the condition of
each wetland. Relevant strategies for the 2017–18 water year are set out in Table 5, and
will be updated when there is a change in condition.
Rolling multi-year implementation
The following environmental flow strategies are considered necessary to halt the decline and
subsequently improve the abundance and diversity of the Basin’s waterbird population and meet
the targets in the Basin-wide environmental watering strategy.
1. Avoid the loss of foraging and roosting habitat at refuge locations
2. Maintain foraging and roosting habitat at refuge locations
Drought refuges in the Basin consist of permanent and semi-permanent wetlands; wetlands
permanently inundated for water storage; and water storages such as dams. Ephemeral
wetlands can also be managed as a drought refuge by inundating a core area of the wetland, but
this must be balanced against the need of ephemeral wetlands to dry out. Other refuge types
include core areas of floodplain wetlands, lakes, regulated river channels, storages, and coastal
refuges. While permanent water storages act as refuges for some waterbirds, they do not have
the same diversity of food resources or complexity of habitat and therefore cannot be relied upon
to conserve waterbird populations.
Watering core wetland areas within drought refuges provide waterbirds with a place to roost and
feed in an otherwise dry landscape. In combination with natural inundation, this helps waterbird
abundance and species diversity to remain above the threshold of probable concern.
The MDBA has identified drought refuges in the Basin that are manageable with environmental
water, based on analysis of long-term survey data. There are likely to be other drought refuges,
some of which are (or will be) identified in long-term watering plans.
Depending on prevailing climate conditions, managers are encouraged to use environmental
water at these sites to either avoid the loss of, or maintain, feeding and roosting habitat to
support waterbird populations. Waterbirds will then be able to re-colonise a broader array of sites
during wetter periods.
3. Support naturally triggered breeding
Waterbirds breed opportunistically when wetlands are inundated and habitat and food availability
increases. They also have an extensive breeding cycle which can last anywhere from 40 to 200
days. Water resource development in the Basin has decreased flows and altered wetting cycles
at many important breeding sites, reducing recruitment opportunities for waterbirds. When water
recedes quickly, waterbirds abandon their nests and chicks due to a lack of food.
Many of the sites appropriate to support breeding are wetland complexes that occur at the
terminus of major rivers, such as Narran Lakes, the Macquarie Marshes and Booligal Wetlands.
Managers are encouraged to use environmental water to extend or alter the flows delivered to
Page 20

Basin environmental watering priorities – Overview and technical summaries

key breeding sites to ensure breeding cycles can be completed. Where waterbird breeding
events are triggered, managers should optimise water depth, duration and the rate of fall to
increase the size or extend the duration of breeding events and limit nest abandonment.
4. Maintain waterbird breeding habitat in 'event ready' condition
Vegetation plays an integral role in the life cycle of waterbirds. At various stages of their life cycle
waterbirds rely upon vegetation for nesting materials in which to lay eggs and raise chicks to
fledging. Some species also rely on vegetation as a food resource during breeding and roosting.
Before laying eggs waterbirds need time to build-up body condition, undertake courtship and
pairing, and build nests.
There are 17 species of colonial waterbirds in Australia that typically rely on natural flood events
or the delivery of water via environmental flows for suitable breeding habitat. A range of other
species of non-colonially breeding waterbirds also respond to flooding and environmental flows
including black swans, various types of ducks, grebes, bitterns and shorebirds.
Ensuring breeding habitat is in ‘event ready’ condition will allow waterbirds to breed when
opportunities for foraging and nesting occur. Managers are encouraged to use environmental
water to maintain the distribution, structure and health of native riparian, floodplain and wetland
vegetation to ensure that habitat is available for roosting, nesting and foraging when required by
waterbirds.
5. Trigger and provide support for small-scale breeding across functional feeding
groups
6. Trigger and provide ongoing support for small to moderate scale breeding across
functional feeding groups
Opportunities to apply environmental water and actively support waterbird populations across the
Basin are expected to be greatest in the southern Basin where larger volumes of environmental
water are held in storage. While there may be limited opportunities to trigger waterbird breeding
in the northern Basin, environmental water will play an important role in supporting naturallytriggered breeding events and priming habitat for nesting.
Given continuing declines in waterbird abundance and breeding at the Basin scale, despite
recent high flows, a proactive environmental watering approach is recommended. Remaining
gaps in understanding of the relationship between waterbird ecology and flow regimes should not
restrict the implementation of this strategy. Instead, by adaptively managing to conditions, water
managers are acting consistently with the Principles to be applied in environmental watering set
out under the Basin Plan (s.8.36, s.8.40).
Sites that could be used to trial triggering small-scale waterbird breeding events have been
identified through an analysis of historical waterbird data for sites listed in the Basin-wide
environmental watering strategy. These sites have provided breeding opportunities for a diverse
range of species in the past and therefore have the greatest likelihood of successfully hosting
manager-triggered waterbird breeding events. Large volumes of held environmental water are
required to maintain flows until chicks become independent. As a result implementation of this
priority may be most appropriate in the regulated southern Basin.
Water managers are encouraged to trigger breeding for a range of functional groups and deliver
flows appropriate to species already present at wetland sites. Environmental flows can also be
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delivered in a way to achieve complementary breeding outcomes for multiple species which nest
at different times or in different habitats. Where such strategies are trialled environmental water
releases should follow natural cues.
7. Create a mosaic of wetland habitats suitable for functional feeding groups
Maintaining a diverse range of habitat types is an important determinate of waterbird distribution
and abundance at all scales. Different waterbird functional feeding groups have distinct habitat
preferences, feeding behaviours and breeding strategies. These habitats are defined by water
depth and include: shallow water and littoral zones (dabbling, diving ducks and grazing
waterfowl), open and deeper (>1 m) water (fish-eating waterbirds), littoral zone (large waders)
and littoral zone and mudflats (small waders) (refer to Figure 3).

Figure 3: Waterbird foraging habitat conceptual model

Different strategies are needed to maximise the availability of foraging and roosting habitat for
waterbird species that operate at different scales. For example, highly mobile species operate at
regional and/or Basin scales, while more sedentary species like bitterns, rails and night herons
do not migrate large distances and depend on local foraging and roosting habitat regardless of
climate conditions. To minimise the conservation risk to resident species it is important to
maintain a network of diverse, spatially distributed reserves across the Basin.
To implement this strategy environmental watering should be informed by local conditions and
knowledge. However, high water availability and wet conditions will negate the need to prioritise
the requirements of any one species over another. In these conditions, environmental water
should be used to extend the area of inundated floodplain to increase foraging opportunities for
waterbirds. As conditions become more moderate it is important to provide flows to different
types of habitat, to ensure requirements are met for all waterbird functional groups.
8. Improve the opportunities for large-scale breeding for colonial nesting waterbird
species
Waterbird breeding, particularly colonial-nesting waterbird breeding, is stimulated by widespread
floodplain inundation and the resultant increase in food availability. The Basin’s waterbirds breed
opportunistically and respond rapidly to wetland inundation. This is because a series of years can
pass before conditions are again appropriate for raising chicks. Large breeding events which
occur in very wet years are therefore critical to maintain the long-term viability of waterbird
populations.
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Many waterbird species use the same wetlands to breed, taking advantage of different resources
and nesting environments. As a result, a single wetland can experience successive waterbird
breeding events across a series of months.
Where wetland productivity is high and conditions are favourable for waterbird breeding,
managers are encouraged to apply environmental flows to promote, increase the size, or extend
the duration of large-scale breeding events.
Annual guidance
Even with the high flows of 2016, waterbird numbers dropped to the lowest on record since 2009,
the peak of the millennium drought. In the Coorong and Lower Lakes, annual migratory shorebird
counts showed fewer numbers of some species and more of other species in 2016. Although
total waterbird counts in the Basin were low, the number and diversity of birds observed breeding
sharply increased in 2016.
Environmental water holders and managers are encouraged to use watering strategies in 2017–
18 that build on this increased breeding activity to improve the abundance and diversity of
waterbird populations. This includes providing environmental water to maintain wetlands in good
condition (so the sites are ready for waterbird breeding events), maximising wetland habitat for
waterbirds, promoting the survival of first-year birds, and facilitating breeding across all waterbird
functional feeding groups.
Table 5 identifies the priority flow management strategies for the conditions expected at waterbird
sites in 2017–18. Constraints to environmental water delivery have been taken into account.
The current resource availability scenario at Narran Lakes is for moderate conditions, which is
different to most other catchments. Therefore, it is likely less water will be available to support a
bird breeding event. However, some water may be available to ensure key habitat areas such as
lignum shrublands are in good condition to support future breeding events.
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Table 5: This table sets out the flow management strategies relevant to key waterbird sites for the 2017–18
water year.

Waterbird sites

Resource availability
scenario

Narran Lakes
Gwydir Wetlands
Macquarie Marshes
Booligal Wetlands
Great Cumbung Swamp
Lake Brewster
Fivebough Swamp
Lowbidgee Floodplain
Gunbower-Koondrook-Perricoota
Kerang Wetlands
River Murray & Euston Lakes
Darling Anabranch
Lindsay-Walpolla-Chowilla
Barmah–Millewa
Corop Wetlands
Pyap Lagoon
Hattah Lakes
Lake Buloke
Coorong

moderate
wet
wet
very wet
very wet
very wet
wet
wet
wet
wet
wet
moderate
wet
wet
wet
wet
wet
wet
wet

Applicable priority flow
management strategies* for
2017–18
3, 4, 5 and 7
3 and 6
3, 6 and 7
3, 7 and 8
3, 7 and 8
3, 7 and 8
7
3, 6 and 7
3, 6 and 7
3, 6 and 7
7
7
7
3, 6 and 7
7
7
3, 6 and 7
7
3, 6 and 7

*Management strategies
3. Support naturally triggered breeding.
4. Maintain breeding habitat in 'event ready' condition.
5. Trigger and support small-to-moderate breeding events.
6. Trigger and provide ongoing support for small-to-moderate scale breeding across functional
feeding groups.
7. Create a moisaic of wetlands habitat types.
8. Improve opportunities for large-scale breeding for colonial nesting waterbirds.
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Native Vegetation
Different vegetation communities support different functions and species in the landscape,
therefore it is important to maintain a diversity of vegetation types in a healthy state. To be
healthy, water-dependent vegetation communities, such as floodplain forests and wetlands, have
a range of different requirements including wetting and drying.
The Basin-wide environmental watering strategy aims to maintain and improve water-dependent
vegetation communities within areas of the Basin that can be actively managed with
environmental water.
The following priorities seek to build on outcomes from flooding that occurred in 2016. The
priority to recruit saplings in floodplain forests and woodlands has been set in response to current
conditions to promote regeneration. The priority for Moira grass specifies priorities across the full
range of resource availability scenarios, as any expansion in Moira grass extent is likely to take
several years. The current trajectory of decline indicates that without an appropriate watering
regime, Moira grass plains could be locally extinct in a matter of years. Outcomes for Ruppia
tuberosa are addressed below in the section on River Flows and Connectivity.
The approach taken for the Moira grass priority may be applicable to a range of vegetation
outcomes sought in the Basin-wide environmental watering strategy, however at present the
information to specify this at a Basin scale is not available. As more information becomes
available, the priorities will evolve to incorporate this new knowledge. The following priorities are
considered to reflect key opportunities to improve native vegetation condition and extent to meet
the long-term targets in the Basin-wide environmental watering strategy.

Recruit saplings in floodplain forests and woodlands
Enable recruitment of trees and support growth of understorey species within river red
gum, black box and coolibah communities on floodplains that received overbank flooding
during 2016 by inundating the floodplains again.
River red gum, black box and coolibah forests grow on riverine and floodplain areas where they
provide habitat and resources for aquatic, amphibious and terrestrial animals, and contribute
dissolved organic carbon into the nearby rivers. River red gum roots and branches in the river
provide shelter and habitat for fish and they can moderate the river temperature by providing
shade.
Achieving this priority in 2017–18 will improve the health and resilience of water-dependent
ecosystems, enable growth, reproduction and large-scale recruitment for a diverse range of
plants and animals, and support high-flow river functions. In the long term this will help to achieve
the Basin-wide environmental watering strategy expected outcomes specific to river red gum,
black box and coolibah recruitment, condition and extent. Working towards this priority will also
achieve outcomes for understorey water-dependent vegetation.
This priority is relevant where a lack of flooding in previous years has restricted regeneration of
river red gum, black box and coolibah communities and where inundation occurred in 2016–17.
Rewatering these forests and woodlands in 2017–18 will provide the required follow-up water to
support young trees so they survive and develop from seedlings to saplings and mature trees. It
will also improve the condition and resilience of vegetation communities that fringe main river
channels and understorey vegetation (e.g. shrubs and grasses) and the condition of adult trees.
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Shallow flooding is preferable to avoid over-topping seedlings; this may not be easily achieved
over wide areas. If depth is not easily managed then managers are encouraged to focus on
duration. Depth progressively becomes less important as seedlings grow taller and is irrelevant
for saplings.
Annual guidance
It is important to achieve this priority in areas where environmental water holders and managers
desire recruitment of these species and not in areas where forest vegetation has encroached for
example, onto wetlands or colonised river beds. For this reason, specific areas have not been
listed as a part of the priority. Instead, environmental water holders and managers should
consider all suitable locations that can benefit from applying environmental water to achieve the
priority.
In wet conditions it is expected that sustained unregulated flows could achieve a significant
proportion of the priority. In this scenario, held environmental water may not be required during
the flood peak but may be used to extend the duration, and/or flatten or lengthen the start or end
of the flood peak. If high system flows (i.e. managed flows for consumptive purposes) occur in
this scenario then environmental water may be used in conjunction with these flows to boost inchannel water levels to achieve the priority on adjacent floodplains.
To meet this priority environmental water holders and managers should continue to consider how
flows can be coordinated between valleys to achieve environmental benefits along the river
system. This includes coordinating managed releases from Hume Reservoir, Lake Victoria and
Menindee Lakes, natural River Murray inflows and return flows from tributaries such as the
Goulburn River and lower Darling River. Any watering decisions to meet this priority will need to
consider current constraints and include consultation with relevant stakeholders.

Improve the condition and extent of Moira grass in Barmah–Millewa Forest
Improve the condition and extent of Moira grass in Barmah–Millewa Forest.
Identifying which priority to employ will depend on the resource availability scenario as
set out in Table 6.
Barmah–Millewa Forest forms the largest and most intact freshwater floodplain system along the
River Murray. The forest is listed as internationally significant under the Ramsar Convention, and
is an important environmental asset. It provides habitat for numerous plants and animals, and
supports colonies of breeding waterbirds when appropriate conditions arise. Barmah–Millewa
Forest’s Moira grass plains comprise the largest inland extent of Moira grass in New South
Wales and Victoria, and the southern-most extent in Australia. The floodplain marshes of the
Barmah Forest, which include the Moira grass plains, are one of two critical wetland vegetation
categories in the Ramsar listing.
Around 182 hectares of Moira grass was recorded in the floodplain marshes in Barmah Forest as
of early 2014. This is about 12% of the extent at the time of its Ramsar listing in 1982. Only 50.9
hectares (3.5%) of the remaining extent are present as the distinct, continuous monospecific
swards that once typified the floodplain marshes, with over half of these present in only one
location. Without an appropriate watering regime the current trajectory of decline indicates that
Moira grass plains could be locally extinct within Barmah Forest in a matter of years.
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A recent Murray–Darling Freshwater Research Centre study indicates that a persistent and
viable seed bank was absent in Barmah Forest in 2015. In light of this information natural
resource managers may need to consider providing water to increase the extent of Moira
grass via growth from existing stem fragments and rootstock. This is supported by anecdotal
evidence. After a targeted environmental watering in 2013–14, several locations had areas of
small dispersed Moira grass plants that were absent before the watering, suggesting viable
stolons remain in the sediment. However, this does not mean that all future seed banks will
be unviable. Further studies are required to determine whether this is the case. The Murray–
Darling Freshwater Research Centre is conducting a follow-up study on seed bank viability.
Any recovery in Moira grass extent is likely to take many years. This timeframe will be further
affected by the depleted viability of its seed bank and resultant ability to disperse, which may
increase reliance on re-sprouting from existing stolons and fragmented rootstock.
Moira grass is highly palatable to grazing animals. Grazing pressure removes flower heads
and therefore seeds, and can uproot plants, leading to lower density and reduced
regeneration. This leads to decreased reproductive capacity via sexual (seeds) and
vegetative (from nodes and regeneration from rootstock) methods. Some grazing animals
also cause pugging of the soil, which can provide opportunities for invasive species to grow.
The Goulburn Broken Catchment Management Authority has fenced a significant area of
Moira grass-dominated wetland in Barmah Forest to exclude feral animals and is
investigating opportunities with research institutions to study feral animal grazing impacts on
wetland values.
It is unclear whether river red gum and giant rush are competitively displacing Moira grass, or
whether their invasion is occurring concurrently with Moira grass decline as a result of other
factors, particularly the altered flooding regime as a result of river regulation. Healthy Moira
grass patches still occur in plains containing extensive stands of giant rush, and Moira grass
has also been lost from plains and lakes with no significant encroachment. More information
is needed to improve understanding of the extent to which these native species can outcompete Moira grass.
Rolling multi-year implementation
The following table sets out priorities across the full range of resource availability scenarios
to improve the condition and extent of Moira grass over a number of years. The table was
developed through analysis of the resource availability scenario inputs (water storage
volumes, rainfall, runoff and soil moisture) against observed and modelled flow scenarios.
The analysis indicates that the priorities in the table below are possible for the corresponding
climate conditions, and that opportunities for inundation in line with these priorities have
occurred in the past.
For the purpose of the following priorities, Moira grass requires flooding of at least 0.5 metres
from July to December, followed by a drying period through summer and autumn.
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Table 6: Basin environmental watering priorities to improve the extent and condition of Moira grass in
Barmah–Millewa Forest for each resource availability scenario

Resource
availability
scenario
Very dry

Dry

Moderate

Wet

Very wet

Rolling multi-year priorities for Moira grass in Barmah–Millewa Forest
Avoid irretrievable loss of or damage to, environmental assets
 Where possible, limit any loss of Moira grass extent through the
operation of Forest regulators.The necessity of this action will
become more critical the longer the preceding dry spell.
Ensure environmental assets maintain their basic functions and
resilience
 Maintain the condition and extent of Moira grass through the
operation of Forest regulators.
 Where possible improve the condition of Moira grass by prolonging
the duration and maintaining an optimal depth of flooding. This
action will be more likely in a Dry resource availability scenario
following Moderate to Very Wet years.
Maintain ecological health and resilience
 Improve the condition and maintain the extent of Moira grass by
providing an opportunity for existing plants to grow.
 Where possible improve the extent of Moira grass by providing
inundation in line with optimal duration, timing and depth of flooding.
Improve the health and resilience of water-dependent ecosystems
 Improve the condition and extent of Moira grass by providing
inundation in line with optimal duration, timing and depth of flooding.
 If a flowering event occurred in the previous year, promote seed
germination if/where possible.
 If seed germination occurred in the previous year, support the
growth and establishment of young plants.
Improve the health and resilience of water-dependent ecosystems
 Improve the condition and extent of Moira grass by providing
inundation in line with optimal duration, timing and depth of flooding.
 If a flowering event occurred in the previous year, promote seed
germination if/where possible.
 If seed germination occurred in the previous year, support the
growth and establishment of young plants.

Annual guidance
In wet conditions, held environmental water may be needed to extend the duration of floodplain
inundation and lengthen the flood recession to support recruitment of Moira grass. To build on
the flowering event in 2016–17 and maximise opportunities for new growth, watering should
promote seed germination and consolidate the growth of new plants where possible.
To meet this priority environmental water holders and managers should continueto consider how
flows can be coordinated along the River Murray to achieve environmental benefits beyond
Barmah–Millewa Forest. Any watering decisions to meet this priority will need to consider current
constraints and include consultation with relevant stakeholders.
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River flows and connectivity
The Coorong, Lower Lakes and Murray Mouth complex plays an important role in removing
salt from the river system and connecting the river and the Southern Ocean. Although flows in
2016 have benefitted the area, it remains a priority for environmental watering.
In spring and summer of 2016–17 water levels in the Coorong were higher than those
observed over the past two years. In January 2017, salinity levels in the southern Coorong
were much lower than previous years and well below the the Basin-wide environmental
watering strategy’s quantified ecological outcomes of 100 grams per litre 95% of the time.
The South Lagoon of the Coorong is showing limited recovery from its current poor condition,
with Ruppia tuberosa populations failing to establish population levels similar to those seen
before the millennium drought. Although Ruppia tuberosa showed an improvement in
distribution and abundance in 2016–17, the ability of this species to complete its reproductive
cycle was disrupted, putting the species’ future resilience at risk. In 2016-17, flows did not
support flowering and production of a seed set, and also contributed to the entanglement and
smothering of Ruppia tuberosa by algae.
The rolling multi-year priorities for the Coorong, Lower Lakes and Murray Mouth are set out for
each resource availability scenario in Table 7. They have been identified by analysing the
Basin annual environmental watering priorities listed in previous years, Southern Connected
Basin Environmental Watering Committee environmental watering operational scenarios and
expert advice. The options will be refined and developed over time as new information and
analysis is incorporated.

Freshwater connectivity through the Coorong, Lower Lakes and Murray Mouth
Improve connectivity between freshwater, estuarine and marine environments and
improve habitat conditions in the Coorong by optimising and managing inflows through
the Lower Lakes.
Not all priorities are relevant in each water year. Identifying which priorities to employ
will depend on the resource availability scenario, as set out in Table 7, and the
condition of the Coorong, Lower Lakes and Murray Mouth.
The Coorong, Lower Lakes and Murray Mouth complex contains important feeding habitat for
migratory waterbirds protected under international agreements (JAMBA, CAMBA and
ROKAMBA), provides for the export of salt through the Murray Mouth and allows for native
fish to move between marine, estuarine and freshwater environments.
This hydrological connectivity facilitates native fish movement and migration which sustains
native fish populations and enables fish to complete their life cycle in different aquatic
environments. Water flow out of the Murray Mouth is needed to export salt from the Basin. It
also allows tidal exchange through the Murray Mouth to flush water through the length of the
Coorong to maintain salinity levels in the South Lagoon.
The salinity of the Coorong generally increases with distance from the Murray Mouth, but
varies over time. This is largely in response to freshwater inflows from the River Murray
through the Lower Lakes and barrages. It is also influenced by seawater flowing back through
the Murray Mouth and into the Coorong. Salinity levels, water depth and turbidity in the
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Coorong drive the distribution and health of Ruppia tuberosa. This important plant species
provides abundant food resources for local and migratory waterbirds and habitat for nativ e fish
and macroinvertebrates. This makes it a key species for the health of the Coorong.
Achieving this priority and the quantified environmental outcomes in the strategy requires the
appropriate climate conditions and environmental water planning, management, coordination
and delivery over multiple years. Therefore, this priority builds on priorities the MDBA has
listed since 2013–14 and will contribute to achieving many of the quantified environmental
outcomes in the strategy, for example:
•

salinity in the Coorong remains below 100 grams per litre 95% of the time

•

maintaining water levels in the Lower Lakes above 0.4 metres Australian Height Datum
(AHD) for 95% of the time, as far as practicable, to allow for barrage releases

•

a sustained and adequate population of Ruppia tuberosa in the South Lagoon of the
Coorong by ensuring Ruppia tuberosa occurs in at least 80% of sites across at least a
50 km (adjusted to 43 km) extent by 2019

•

detection in nine out of 10 years of bi-directional seasonal movements of diadromous
species through the barrages and fishways in 2019–24 compared to 2014–19.

Rolling multi-year implementation
Table 7: Basin environmental watering priorities for the Coorong, Lower Lakes and Murray Mouth for each
resource availability scenario

Resource
availability
scenario

Rolling multi-year priorities for the Coorong, Lower Lakes and
Murray Mouth

Very dry

Avoid irretrievable loss of or damage to, environmental assets


Dry

Connect the Lower Lakes, Coorong and Southern Ocean via the
Murray Mouth to enable minimum native fish movement.
 Maintain and manage low water levels in the Lower Lakes to
prevent acidification with freshwater inflows.
 Manage the drawdown of the Lower Lakes to maintain higher
water levels for as long as possible.
 Maintain estuarine conditions around the barrages by managing
the drawdown of the Lower Lakes.
Ensure environmental assets maintain their basic functions and
resilience




Connect the Lower Lakes, Coorong and Southern Ocean via the
Murray Mouth to enable minimum native fish movemen.t
Maintain and manage water levels in the Lower Lakes to prevent
acidification with freshwater inflows.
Maintain estuarine conditions around the barrages and in the
Coorong’s North Lagoon.
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Resource
availability
scenario

Rolling multi-year priorities for the Coorong, Lower Lakes and
Murray Mouth

Moderate

Maintain ecological health and resilience







Wet

Improve the health and resilience of water-dependent ecosystems








Very wet

Connect the Lower Lakes, Coorong and Southern Ocean via the
Murray Mouth.
Flush salt and sediment out of the Murray–Darling Basin through
an open Murray Mouth.
Maintain seasonal flow cues via flows through the barrages for
migratory fish movement.
Maintain water quality in the Lower Lakes with freshwater inflows
and estuarine water quality in the Coorong’s North Lagoon for fish
and vegetation.
Improve habitat conditions in the Coorong for Ruppia tuberosa
Maintain and where possible improve foraging opportunities for
migratory shorebirds.

Continuously connect the Lower Lakes, Coorong and Southern
Ocean via the Murray Mouth.
Improve water quality in the Coorong and Lower Lakes by
exporting salt and sediment out of the Murray–Darling Basin via
the Murray Mouth.
Maintain seasonal flow cues via flows through the barrages for
migratory fish movement.
Improve water quality in the Lower Lakes with freshwater inflows
Ensure habitat conditions and salinity gradient in the North and South
Lagoon is suitable for native estuarine fish and Ruppia tuberosa.
Promote Ruppia tuberosa growth, distribution and reproduction to
withstand future dry years.
Provide foraging opportunities for migratory shorebirds.

Improve the health and resilience of water-dependent ecosystems








Continuously connect the Lower Lakes, Coorong and Southern
Ocean via the Murray Mouth.
Improve water quality in the Coorong and Lower Lakes by
exporting salt and sediment out of the Murray–Darling Basin via
the Murray Mouth.
Maintain seasonal flow cues via flows through the barrages for
migratory fish movement.
Improve water quality in the Lower Lakes with freshwater inflows
Improve habitat conditions and maintain a suitable salinity gradient
in the Coorong for native estuarine fish and Ruppia tuberosa.
Promote Ruppia tuberosa growth, distribution and reproduction to
withstand future dry years.
Enhance foraging opportunities for migratory shorebirds, where
possible.
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Annual guidance
In wet conditions during 2017–18, it is expected that there will be more high flow events that will
contribute to improving the health of the Coorong, Lower Lakes and Murray Mouth. In this
scenario, held environmental water can be used to extend the duration of these flows or manage
the start or end of the flows.
Large volumes of unregulated, consumptive and environmental water are likely to be available to
achieve this priority in wet conditions. This will create opportunities to provide flows to improve
aquatic habitat conditions and water quality in the Coorong, and maintain hydrological
connectivity between freshwater, estuarine and marine environments that:


sustains native fish populations and enables fish to complete life cycles by moving into
different environments



exports salt and sediments from the Murray̶ Darling Basin via the Murray Mouth to
maintain salinity levels in the South Lagoon



Improves habitat conditions in the south lagoon to facilitate and support growth of Ruppia
tuberosa.

To meet this priority environmental water holders and managers should continue to consider how
flows can be coordinated between valleys to achieve multiple environmental benefits along the
river system. This includes coordinating releases from Hume Reservoir, Lake Victoria and
Menindee Lakes, natural River Murray inflows and return flows from tributaries such as the
Goulburn and Darling rivers.
In wet conditions there should be enough water available to ensure year-round barrage
releases to move water between Lake Alexandrina, the Coorong and the Southern Ocean to
maintain an open Murray Mouth and to reduce salinity in the Coorong. In this scenario,
barrage releases should increase from spring, peak during early-summer and reduce over late
summer to:


mitigate falling water levels from evaporation in the Lower Lakes and Coorong; provide
flow cues for migratory fish movement;



maintain water levels and optimal habitat conditions in the Coorong to enable Ruppia
tuberosa growth and reproduction; and



expose mudflats adjacent to the Coorong and Lower Lakes which are important feeding
habitat for migratory shorebirds.

Variable lake levels
The environmental water requirements in the Lower Lakes, Coorong and Murray Mouth
Environmental Water Management Plan 2014, approved by all Basin governments,
recommend water levels in lakes Alexandrina and Albert fluctuate between 0.7 m Australian
Height Datum and 0.35 m AHD every year and between 0.8 m AHD and 0.5 m AHD once
every three years.
The South Australian River Murray long-term environmental watering plan (published in 2015)
recommends the following lake levels to deliver the environmental water requirements to achieve
the desired hydrological regime:
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0.4 m AHD to 0.75 m AHD every year
0.4 m AHD to 0.83 m AHD to occur every one in two years
0.4 m AHD to 0.9 m AHD to occur one in seven years
with maximum lake levels in December to February and minimum lake levels in March to May
peak barrage flows in October to December (noting that all year round flows are
required).

Environmental water should be delivered and managed in the Lower Lakes in a way that
optimises additional flow to the Coorong, in line with the above environmental water requirements
and the expected outcome in the Basin-wide environmental watering strategy to maintain lake
levels above 0.4 metres AHD for 95% of the time (as far as practicable).
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Appendix 1: Seasonal conditions
One of the key steps in developing the environmental watering priorities is determining the water
resource availability scenario (RAS). The MDBA calculates the RAS using the Guidelines for the
method to determine priorities for applying environmental water. The calculation is based on
indicators of antecedent climate conditions over the previous year (rainfall, runoff and soil
moisture) and surface water availability in public dams of regulated systems.
As a consequence of the wetter conditions experienced across much of the Basin in the year to 1
March 2017, the three indicators of antecedent climate conditions were generally above average
to very much above average (Table 8). However, conditions in some parts of the northern
Basin—particularly for the Condamine-Balonne, Moonie and Border Rivers catchments—ranged
from below average to average. While it is anticipated rainfall in late March and early April
associated with ex-tropical cyclone Debbie will influence water availability over the coming
months in these parts of the northern Basin, these effects have yet to be fully analysed.
The wetter conditions resulted in above average to well above average water storage levels for
most major public storages in regulated catchments in the Basin as at 1 March 2017 (Table 8).
Exceptions to this were the Murrumbidgee and the Lower Darling, which were assessed as
average and below average, respectively. The below average storage levels for the Lower
Darling are related to the operation of Menindee Lakes over the 2016–17 summer as a shared
resource for the benefit of NSW, Victoria and South Australia. Releases have been made in
accordance with State-agreed Objectives and Outcomes to help supply downstream River
Murray System demands and to meet environmental orders on the Lower Darling River and
Great Darling Anabranch.
Table 8 reports the percentiles for the three indicators of antecedent climate conditions and water
storage levels, comparing current conditions with historic records for each of the Basin’s 19
catchments. The results of the calculation of the RAS for each catchment are presented in Table
8 and Figure 4 below. With the RAS for 15 of the 19 catchments being assessed as ‘wet’ to ‘very
wet’, MDBA’s overall assessment is for wet conditions.
While the Bureau of Meteorology’s forecast that high stream flows will be more likely for May to
July 2017 supports the MDBA’s assessment for a ‘wet’ resource availability scenario, the
seasonal forecast for warmer and drier conditions for June to August means the MDBA may
need to provide an update on the RAS over the coming months.
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Table 8: Antecedent climate conditions and water storage levels for the catchments of the Murray–Darling Basin

Annual average antecedent climate conditions
(percentiles) for the year to 28 February 2017

Surface water
availability1

Current assessment of the
resource availability
scenario for 2017–182

Runoff

Root zone
soil moisture

Precipitation

Antecedent
percentile range

Surface water
percentile

Border Rivers

16-45%

46-60%

46-60%

16-45 to 46-60

61-85

moderate to wet

Gwydir

46-60%

61-85%

61-85%

46-60 to 61-85

61-85

wet

Namoi

61-85%

61-85%

61-85%

61-85

61-85

wet

Macquarie–Castlereagh

61-85%

86-100%

61-85%

61-85 to 86-100

61-85

wet to very wet

Lachlan

86-100%

86-100%

86-100%

86-100

61-85

very wet

Murrumbidgee

61-85%

86-100%

86-100%

61-85 to 86-100

46-60

wet

Lower Darling

61-85%

86-100%

86-100%

61-85 to 86-100

16-45

moderate to wet

Murray

61-85%

86-100%

86-100%

61-85 to 86-100

61-85

wet to very wet

Loddon

86-100%

86-100%

86-100%

86-100

61-85

very wet

Campaspe

86-100%

86-100%

86-100%

86-100

61-85

very wet

Goulburn–Broken

61-85%

61-85%

61-85%

61-85

61-85

61-85%

61-85%

86-100%

61-85 to 86-100

wet
above average to well above
average (wet to very wet)

Regulated catchments

Wimmera-Avoca3

N/A

1

Based on the best quality data available at the time of writing for public water storage levels as at 1 March 2017. Private water storages have not been included in
the calculation of the resource availability scenario.
2
The method for calculating the water resource availability scenario is set out in the Guidelines for the method to determine priorities for applying environmental
water (MDBA 2012). https://www.legislation.gov.au/Details/F2012L02240/4fdd68b4-f6f1-4fed-978d-29e06bb8b525
3
Only antecedent climate conditions have been applied to determine this catchment’s RAS due to insufficient relevant long-term data for surface water availability.
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Annual average antecedent climate conditions
(percentiles) for the year to 28 February 2017

Surface water
availability1

Runoff

Root zone
soil moisture

Precipitation

Antecedent
percentile range

Surface water
percentile

16-45%

46-60%

46-60%

16-45 to 46-60

N/A

61-85%

86-100%

86-100%

Condamine–Balonne

46-60%

46-60%

46-60%

61-85 to 86-100
46-60

Paroo

61-85%

61-85%

61-85%

Warrego

61-85%

61-85%

86-100%
86-100%

Current assessment of the
resource availability
scenario for 2017–182

Unregulated catchments4
Moonie
Barwon–Darling5

Ovens
Eastern Mt Lofty Ranges

N/A

below average to average
(dry to moderate)
above average to well above
average (wet to very wet)
average (moderate)

61-85

N/A

above average (wet)

61-85%

61-85

N/A

86-100%

86-100%

86-100

86-100%

86-100%

86-100

above average (wet)
well above average (very
wet)
well above average (very
wet)

N/A

N/A
N/A

4

For unregulated systems only antecedent climate conditions can be applied to determine the resource availability scenario given the absence of public water
storages.
5
There is some uncertainty in the RAS outlook for this catchment. Given this uncertainty the applicability of the RAS determination method for this catchment will
be further investigated to inform future Basin environmental watering outlooks.
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Figure 4: Water resource availability scenario for Basin Catchments in the Murray–Darling Basin as at
1 March 2017

This figure has been produced using the results of the resource availability scenario calculation
presented in Table 8. Where the resource availability scenario is expressed as a range in Table 8
(eg ‘wet to very wet’), the lower value (ie ‘wet’, in this example) has been used in the production
of this figure.
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