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EXECUTIVE SUMMARY
This Icon Site Environmental Management Plan is a step towards maintaining and enhancing the
ecological character of the Lower Lakes, Coorong and Murray Mouth through clever delivery of
environmental flows and a more ecologically and culturally sensitive approach to managing the
system.
The plan is a ‘living document’: it will be refined as our understanding of the Icon Site increases.
Adaptive management or ‘learning by doing’ will enable new knowledge gained through activities
and research at the Icon Site to be incorporated into the plan over time.
In the short term, given meagre flows and predictions of continuing dry conditions, options are limited
for delivering and managing additional flows for ecological benefit at the Icon Site. However, some
immediate actions are feasible. Even with limited water ecological benefits can be achieved,
particularly in relation to using fish passages and extending barrage releases for as long as possible.
The Icon Site

Six Icon Sites (formerly defined as Significant Ecological Assets) have been identified across the
Murray-Darling Basin as part of the Living Murray. The area encompassing the Lower Lakes,
Coorong and Murray Mouth was selected as one of these Icon Sites because of its unique ecological
qualities, recognised both nationally and internationally, and its hydrological significance. The Icon
Site also has social, cultural and economic values for local and state communities including the
Ngarrindjeri, the traditional owners of the region, for whom the lands and waters (or Ruwe), are a
living body.
These values are under threat, primarily due to diminished and altered flows reaching the Icon Site.
Extensive river regulation and excessive water extraction have degraded habitats, reduced water
quality and constricted the Murray Mouth.
Three ecological objectives have been established for the Icon Site:

•

An open Murray Mouth

The Murray Mouth is the key to a healthy Coorong ecosystem. An open mouth allows varying tides in
the Coorong to maintain mudflat habitat for waders and provides cool, oxygenated flows to the
Coorong. It provides appropriate salinity and water levels for healthy populations of Ruppia (a key
aquatic plant), fish breeding, water birds and macroinvertebrates. An open mouth is also strongly
connected to the cultural health of the Ngarrindjeri people.

•

Enhanced migratory water bird habitat in the Lower Lakes and Coorong

A natural wetting and drying cycle for mudflats in the Lower Lakes and Coorong is essential to
maintain large populations of migratory wading birds for which the area is renowned. Wading birds
rely on tidal variation to forage on the mudflats. Inappropriate water level variability can also affect
populations of macroinvertebrates and Ruppia which are key food resources for waders in the
Coorong.

•

More frequent estuarine fish spawning and recruitment

When the barrages are open, fresh water flows from the Lower Lakes and mixes with the saltier water
of the Coorong, creating estuarine or brackish conditions. This area of medium salinity water is
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critical for estuarine-dependent fish species, creating habitats rich in food and shelter, facilitating
spawning and allowing connectivity between the river and the sea.
Environmental Management Plans

Each Icon Site has an Icon Site Environmental Management Plan which identifies the environmental
flow needs of the Icon Site and how these flows can best be delivered and managed within the Icon
Site. This plan for the Lower Lakes, Coorong and Murray Mouth includes:
• ecological targets, specifying particular species and areas within the Icon Site requiring action
to achieve the objectives listed above;
• conceptual models, showing the complexity of the system and how changes in one part of the
system can affect others;
• management options for delivering water to the Icon Site and managing flows within the Icon
Site;
• a Barrage Operating Strategy, including a complementary decision support system;
• a process for prioritising competing actions, including consideration of potential risks; and
• the basis for a monitoring and evaluation framework.
Targets

Ecological targets identified in the plan include:
Coorong – North Lagoon
• Enhance Ruppia megacarpa colonisation and reproduction
• Enhance and maintain benthic diversity in the estuarine-lagoonal invertebrate populations
• Maximise mudflat exposure during Summer
• Maintain sediment size range in mudflats
• Establish and maintain organic content for mudflats
Coorong – South Lagoon
• Enhance Ruppia tuberosa colonisation and reproduction
• Establish viable invertebrate populations
• Maximise mudflat exposure during Summer
• Establish and maintain organic content for mudflats
• Management of flows to South Lagoon to provide conditions for growth and spawning of
Small-mouth Hardyhead
Lower Lakes
• Maintain aquatic and floodplain vegetation
• Maintain and enhance habitat for native fish
• Expose mudflats during Summer around the lake edge
• Improved spawning and recruitment success for Murray Hardyheads and Pygmy Perch
Murray Mouth
• The Murray Mouth open 100% of the time through freshwater outflows with adequate tidal
variations to meet the needs of the Coorong ecosystem
Murray Mouth Estuary and Coorong
• Establish and maintain variable salinity regime with >30% of area below sea water salinity
concentrations
• Maintain the 1% flyway population level for Sharp-tailed Sandpiper, Curlew Sandpiper, Rednecked Stint, Sanderling, Common Greenshank and Banded Stilt
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Lakes and Coorong
• Successful spawning and recruitment of Black Bream and Greenback Flounder
• Improved connectivity between Lower Lakes and Coorong to facilitate required fish passage
between freshwater and estuarine habitats
• Improved connectivity between Coorong and the sea to facilitate required fish passage
between habitats for juvenile and adult life-history stages of lampreys, eels and mulloway
• Management of flows to South Lagoon to provide conditions for growth and spawning of
Small-mouthed Hardyhead
• Improved spawning and recruitment success in the Lower Lakes for endangered fish species,
including Murray Hardyheads and Pygmy Perch
• Safeguarding minimum water levels in the Lower Lakes to maintain core fish habitats
• Improved large-bodied freshwater fish spawning and recruitment success in the Lower Lakes
• Management of alien fish species through manipulation of environmental flows
• Management of flows to Southern Ocean to provide diatoms for off-shore cockle communities
Actions
Delivering water to the Icon Site

This includes investigating options for operational changes upstream in the River Murray, and
utilising flows from the Eastern Mount Lofty Ranges and Upper South East Drainage Scheme.
Water management within the Icon Site

This involves manipulating lake levels to mimic more natural conditions and operating the barrages in
a more ecologically responsible way. A major section of the plan is a Barrage Operating Strategy
which proposes changes to the current ‘fill and spill’ method of operation to extend releases for as
long as possible and release water before inflows reach the lakes. Combined with the opening of
fishways, these changes could provide significant benefits to the ecology of the Icon Site.
Complementary management

Actions to complete these initiatives are also needed, including:
• dredging the Murray Mouth to maintain connectivity with the Coorong;
• improving water quality, primarily through continuing irrigation reforms;
• fisheries management for the long term sustainability of the lakes and Coorong fishery; and
• other land management actions, including management of significant Ngarrindjeri sites.

Implementation

Work is needed in several areas to further inform and progress the development and implementation
of the Icon Site Environmental Management Plan. This includes:
• community consultation;
• improving knowledge;
• ecological monitoring, including development of a monitoring and evaluation framework; and
• adaptive management arrangements.
The consultation process has provided valuable input to the development of the plan. Community
consultation and involvement will continue to be essential for the ongoing development,
implementation and monitoring of plans, works and actions. These processes will aim to involve all
relevant stakeholders, interest groups and individuals with an interest in the management of the Icon
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Site. The Ramsar Taskforce was engaged on an interim basis as the Community Reference Group
(CRG) for development of the Icon Site plan, and cultural input was provided by the Ngarrindjeri.
A formal Community Reference Group has been established to provide ongoing input to the plan and
its implementation. Input will be sought as early as possible during planning on specific
environmental flow projects and on-ground works. In addition, partnerships will be formed with the
Ngarrindjeri people and other key interest groups.

The future

Proposed changes to the operation of the barrages and lake levels are constrained by the existing
structures and needs of other users. Possible improvements are limited by water availability, the
physical constraints of the system, the operation of locks and weirs upstream and the small range in
which lake levels can be manipulated.
While the Lower Lakes will be operated at a greater range of water levels, limits on the upper and
lower levels have been set to minimise the risks to other users while providing ecological benefits.
Lake levels would only remain lower or higher than normal for short periods of time.
Improving the way that we manage water within the Icon Site will improve the ecological health of
the system, which in turn will benefit the communities and industries which depend on it. The
increased use of fish passages on the barrages will help improve the health of the fish communities of
the lakes and Coorong. Delivering water to the ailing Coorong will improve water quality that will
benefit irrigation, and a healthier Icon Site environment will improve tourism, which has further
benefits for the regional economy.
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1. INTRODUCTION
1.1 THE LIVING MURRAY: AN IMPETUS FOR CHANGE
In 2002, the Murray-Darling Basin Ministerial Council established the Living Murray in response to
concerns about the declining health of the River Murray system. The initiative aims to return the
system to a healthy working river:
…a healthy River Murray system, sustaining communities and preserving unique values
(March 2001).
To this end, the Murray-Darling Basin Ministerial Council made a landmark decision in November
2003. The initial focus, or First Step decision, was to achieve specific environmental outcomes and
objectives for six Icon Sites across the Basin (Figure 1.1) (MBDC, 2004b).
The area encompassing the Lower Lakes, Coorong and Murray Mouth was named as one of these
Icon Sites (see Figure 1.2).
The First Step decision involves recovering water over a five year period to reach an estimated
average of 500 gigalitres (GL) of new environmental water per year. To achieve this, the
‘Intergovernmental Agreement to Address Water Over-allocation and Achieving Environmental
Objectives in the Murray-Darling Basin‘ (MDB-IGA) was signed in June 2004. This agreement, and
subsequent Living Murray Business Plan (MDBC, 2004b), provides for the recovery of water for
environmental flows and mandates the development of:
• the Living Murray Business Plan, describing how the objectives of the agreement are to be
achieved (see Appendix A);
• the Living Murray Environmental Watering Plan, which provides a framework for
managing environmental flows across the entire Murray-Darling system; and
• an Icon Site Environmental Management Plan (ISEMP) for each of the six Icon Sites,
identifying how to deliver and manage environmental flows at each Icon Site.
A summary of related plans and strategies is presented in Appendix B.
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Figure 1.1 Location of the six Icon Sites in the Murray-Darling Basin
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Figure 1.2 Lower Lakes, Coorong and Murray Mouth Icon Site
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1.2 ABOUT THIS DOCUMENT
Purpose

Each ISEMP includes management objectives and targets, water delivery options and the
specific watering regimes (including flow, volume, timing, duration and security) required at
each Icon Site to maximise ecological benefits. Icon Site plans are designed to be ‘flow
ready’. They outline actions and decisions to be taken during flow events, while also
providing a framework for managing water at other times. Water will be managed at two
spatial scales – the Icon Site scale and river system scale – through the Icon Site plans and
Living Murray Environmental Watering Plan, respectively.
In particular, this Icon Site plan covers:
• the Lower Lakes (Lake Alexandrina and Lake Albert), isolated from the rest of the
Icon Site by a system of barrages;
• the Coorong, a 140 km long expanse of water, separated from the Southern Ocean by a
narrow coastal dune barrier; and
• the Murray Mouth, an extremely dynamic and constricted tidal inlet where the River
Murray reaches the sea (see Figure 1.2).
The plan has important links to many existing initiatives and strategies, such as South
Australia’s Environmental Flows Strategy (DWLBC, 2005), the Coorong and Lakes
Alexandrina and Albert Ramsar Management Plan (DEH, 2000), and relevant state and
federal legislation including the Environment Protection and Biodiversity Conservation Act
1999 and the Aboriginal Heritage Act 1988 (see
Appendix B for details).
Ramsar status and obligations
Implementation

The plan is being implemented through strategic
partnerships with government agencies and key
interest groups. A management structure has
been established to ensure a coordinated
approach to managing the Icon Site. This
structure includes:
• South Australian Lower Murray
Coordinating Committee
• Lower Lakes, Coorong and Murray
Mouth Icon Site Plan Community
Reference Committee
• Environmental Flows Working Group
• Ngarrindjeri Nation through the
Indigenous Facilitator
• River Murray Water
Appendix C outlines the roles and
responsibilities of these groups.
Appendix D outlines the budgets for works under
the MDBC Environmental Works and Measures
Program and for further development and
implementation of the ISEMP.

This Icon Site plan endorses the vision for the
Coorong and Lower Lakes Ramsar area:
Conservation of the Coorong and Lower Lakes
Ramsar Wetlands by incorporating the world’s
best practice in integrated natural resource
management to:

•
•

Conserve the environmental and ecological
attributes of the wetlands for the benefit of
future generations.
Use the natural resources of the wetlands in
a sustainable manner that is compatible with
the maintenance of the ecosystem functions.

•

Protect and restore natural habitats.

•

Restore viable populations of native species.

•
•
•

Increase community commitment and
awareness, including recognition of the
Ngarrindjeri association with the area.
Improve water quality and increase flows
through the wetlands.
Fulfil Australia’s obligations under the
Ramsar Convention and other international
agreements.
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Table 1.1 Partnerships for managing the Lower Lakes, Coorong and Murray Mouth Icon
Site

SA LOWER MURRAY COORDINATING COMMITTEE
Partners

Advisory groups

DWLBC
DEH – National Parks and Ramsar
PIRSA -Fisheries

Community Reference Group
Environmental Flows Working Group
Ngarrindjeri Nation through Indigenous
Facilitator
Knowledge Advisory Group
CLLAMM Ecology

SA MDB NRM Board
SA Water
Commonwealth DEH
MDBC – River Murray Water
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Figure 1.3 The Coorong showing the three regions defined by salinity regime
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2. BACKGROUND
2.1 LOCATION AND DESCRIPTION
The Lower Lakes, Coorong and Murray Mouth Icon Site is located at the downstream end of
the River Murray system. The River Murray terminates at the Southern Ocean in South
Australia, where it passes through the Lower Lakes (Alexandrina and Albert), the Murray
Estuary, the Coorong and, finally, the Murray Mouth. This partially accounts for its unique
ecological qualities and the challenges in managing the area (DWLBC, 2002). The complex
ecology of the area has been compounded by a system of barrages which isolate the Lower
Lakes from the Murray Mouth and Coorong.
For the Ngarrindjeri people, the area is recognised as the place where the fresh and salt waters
meet and mix, an important place for the reproduction of life. The Lower Lakes, Coorong
(Kurrangk) and Murray Mouth are part of an active Ngarrindjeri Native Title Claim, which
includes the river channel and sites upstream from the Icon Site.
2.1.1 THE COORONG
The Coorong is a 140 km long expanse of water, separated from the Southern Ocean by a
narrow coastal dune barrier. It forms part of the extensive wetland system of the Lower
Murray, which covers a total area of 660 km2 (AWE, 2003). In addition to local runoff and
rainfall, the Coorong receives inflows at its northern extremity from the River Murray,
groundwater inputs, and inflows into the South Lagoon from the Upper South East Drainage
Scheme via Salt Creek.
The Coorong is the only estuarine area within the River Murray system. It can be divided into
three distinct regions based on different salinity patterns – the Murray Estuary, North Lagoon
and South Lagoon (Figure 1.3). The salinity of the Coorong increases with distance from the
mouth, but does not increase in a uniform gradient: it changes from estuarine in the Murray
Estuary, influenced by freshwater flows over the barrages, to hypersaline in the South
Lagoon.
Murray Estuary
The Murray Estuary includes the area around the Murray Mouth from the Goolwa barrage to
Pelican Point and encapsulates the Goolwa, Coorong and Mundoo channels. The area is
naturally estuarine, but salinity levels fluctuate widely due to barrage-regulated flow. The
lagoon environment, which includes habitats such as exposed mudflats, Ruppia megacarpa
beds and shallow waters, provides important foraging grounds for many wader bird species.
North Lagoon
The North Lagoon is characterised by similar conditions as the Murray Estuary, with barrage
releases controlling salinity. The salinity gradient increases southwards along the North
Lagoon, which extends from Pelican Point to Parnka Point, where it reduces to a small
bottleneck that separates it from the South Lagoon.
South Lagoon
South of Parnka Point, the South Lagoon extends past Salt Creek where it becomes a series of
hypersaline ephemeral lagoons. The South Lagoon varies from estuarine to hypersaline.
The ‘natural‘ salinity of the Coorong is under debate.It is believed that the Coorong is more
saline now than prior to river regulation (Geddes and Hall, 1990). Gell and Haynes (2005)
suggest that it became more saline after 1940 but even more so after 1980. Their research also
suggests that prior to European settlement, the South Lagoon was brackish with some areas
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near the junction with the North Lagoon rising to hypersaline concentrations after periods of
low flow as indicated by diatom assemblages. They also state that there has been a rapid
increase in the sedimentation rate since European settlement.
2.1.2 MURRAY MOUTH
The Murray Mouth is a tidal inlet restricted by the accumulation of dune material on the
flanking spits of Sir Richard Peninsula and Younghusband Peninsula. It is located in a highenergy environment and is extremely dynamic. The location, size and shape of the mouth and
the adjacent estuary are dictated by a combination of river flows, tidal flows and ocean and
coastal processes (Harvey, 2002).
Large volumes of sand are continually being moved through the mouth by daily tides. The
capacity of the tides to transport sand depends on two main factors — tidal velocity and
wind/wave action in the immediate vicinity of the mouth. Tidal velocity is determined by the
tidal range, flow over the barrages and the existing water level in the estuary. Even small river
flows counteracting the incoming tide may result in a significant reduction in the consequent
sediment load in the mouth region (Harvey, 2002).
2.1.3 LAKES ALEXANDRINA AND ALBERT
The Lower Lakes are isolated from the Murray Mouth and Coorong by a system of barrages,
with 593 independently operated gates across five structures. They were constructed between
1935 and 1940 to provide fresh water for irrigation, stock and domestic purposes (MDBC,
2004d). Two fishways have been installed on Tauwitchere barrage and one on Goolwa
barrage to enable fish movement between the Lower Lakes and the Murray Mouth/Coorong.
Forty-one automated gates operate at the barrages, 24 on Tauwitchere barrage, 12 on Ewe
Island barrage and 5 vertical spindle gates on Mundoo barrage. These were installed to enable
the gates to be operated more safely and efficiently. More gates will be installed in the future.
Prior to European settlement, the Lower Lakes were predominantly fresh, with river water
discharging to the sea and keeping the Murray Mouth clear. Saltwater intrusions into the lake
environment were not common until after 1900 when significant water resource development
had occurred in the River Murray system (Sim and Muller, 2004). Short-lived intrusions of
saltwater would occur during periods of low flow down river, resulting in a lower lake level,
however it appears that only small areas of the lakes, around the mouth and channels, were
affected.
The Lower Lakes system would have offered a mosaic of fresh, brackish, saline and
hypersaline fringing wetland systems that interconnected across time and space (MDBC
2004c).

2.2 VALUES OF THE ICON SITE
The Lower Lakes, Coorong and Murray Mouth Icon Site offers diverse environmental,
economic, social and cultural values. Failure to address ecological degradation in the region
threatens the extensive values of the Icon Site and the communities that rely on them for their
economic prosperity and social and cultural well-being.
2.2.1 ENVIRONMENTAL
The Lower Murray environment includes a diverse range of ecological systems covering the
full spectrum between hypersaline and freshwater environments as well as ephemeral to
permanently watered systems (EconSearch, 2004a). Since European settlement, the ecological
character of the site has greatly changed. The ecological character of this Ramsar site has
been reviewed and a report released (Phillips and Muller, 2006).
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Water birds and waders

The Coorong and Lower Lakes provide habitat for over 85 species of water birds and support
over half of the water birds found in South Australia. It is ranked within the top six water bird
sites in Australia, based on the diversity and abundance of species. The mudflat habitats and
samphire communities are particularly significant as they provide important foraging sites for
waders (EconSearch 2004a).
Significant numbers of nine wader species regularly use the Coorong lagoon system. These
comprise four long-distance migrants that breed in Siberia – Red-Necked Stint, Curlew
Sandpiper, Sharp-Tailed Sandpiper and Common Greenshank – and five species that breed in
Australia – Banded Stilt, Blackwinged Stilt, Red-Necked Avocet, Red-Capped Plover and
Masked Lapwing. (Appendix E lists the bird species found in the Lower Lakes and Coorong.)
The South Lagoon supports a limited number of crustaceans which, in conjunction with the
seeds of Ruppia species and small fish (such as the small-mouthed hardyhead), provide forage
for water bird species.
The Ngarrindjeri have a spiritual relationship with the birds in their country. They feature in
Ngarrindjeri creation stories and many Ngarrindjeri families have water birds as Ngartjis
(totems) (Berndt and Stanton, 1993; Bell, 1998).
Fish

The Murray Estuary is ecologically significant and economically important for the lakes and
Coorong fishing industry. It provides a safe haven for many juvenile fish species
(EconSearch, 2004a). Over 78 species of fish have been recorded in the area, although 34 of
these are of marine origin and are only irregular visitors to the Coorong (Higham et al., 2002).
Other commercially important estuarine species, such as Black Bream (Acanthopagrus
butcheri), Yellow-eye Mullet (Aldrichetta forsteri) and Greenback Flounder (Rhombosolea
tapirina), are thought to utilise the area for breeding after receiving freshwater flow cues.
Common native estuarine species in the Coorong include River Garfish (Hyporhamphus
regularis), Congolli (Pseudaphritis urvillii) and Flat-headed Gudgeon (Philypnodon
grandiceps) (Higham et al., 2002). Appendix F lists the fish species that have been recorded
at the Icon Site.
Freshwater flows from the Lower Lakes allow mixing in the Coorong, creating estuarine
conditions critical for the recruitment success of estuarine-dependent fish species. Increasing
salinity negatively affects species distribution and diversity (Geddes and Butler, 1984;
Geddes, 1987; Geddes and Hall, 1990). Freshwater flows into the Coorong during
Spring/Summer are believed to stimulate estuarine species to spawn. A protracted period of
estuarine condition extending to late Summer with a gradual tail-off of freshwater flows to the
Coorong, and a gradual change of salinity, is believed to be critical to enhance the survival of
larval and juvenile fish. Freshwater flows and fish passage between the sea, the Coorong and
Lower Lakes are also critical for the migration needs of diadromous species (such as lamprey
and eels) to complete their life cycle (AWE, 2003).
The Ngarrindjeri hold significant knowledge of the fish in the region. In the Ngurunderi
creation story, Ngurunderi created the fish species in the area where the fresh and salt waters
meet (Bell, 1998).
Aquatic vegetation

Coorong
Submerged aquatic vegetation in the Coorong is dependent on the salinity and water regime.
Main species found in the Coorong include Tuberous Tassel (Ruppia tuberosa), Large-fruit
Tassel (Ruppia megacarpa), Musk Grass or Stonewort (Lamprothamnium papulosum), Long-
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fruit Water Mat (Lepilaena) and seagrasses (Cladophora and Zostera) (Oborne, 2003).
Ruppia is a very important species in the food chain, particularly for waders and water birds.
Ruppia megacarpa is found in the North Lagoon and is a seed-bearing perennial plant
requiring permanent water cover.
Submerged vegetation in the South Lagoon is characterised by extensive areas of Ruppia
tuberosa, Lepilaena and Lamprothamnion (EconSearch, 2004a). However, these areas have
greatly declined in extent and quality. These submerged plants are a critical component of the
habitat as they provide a source of detritus for benthic communities and architecture for
juvenile fish, invertebrate and biofilm habitat. R. tuberosa is an annual plant which survives
by producing seeds and turions through Spring and Summer. (Oborne, 2003).
Lower Lakes
Submerged aquatic plant communities were once extensive in the lakes system and included
species such as Ribbon Weed (Vallisneria Americana), Lax-Marshflower (Villarsia
reniformis), Water Ribbons (Triglochin procerum), Swamp Lily (Ottelia ovalifolia),
Pondweeds (Potamogeton spp.) and Milfoils (Myriophyllum spp.).
Sections of the near shore environment around Lake Albert have extensive, highly significant
Phragmites australis and Typha domingensis reed beds which provide excellent sheltered
habitat for a range of fish and other vertebrate species, as well as long-term rookery sites for
ibis, spoonbill and cormorants (EconSearch, 2004a).
Saline wetlands have also fringed the lakes since pre-European times, but now only exist
along a limited area of lakeshore. These areas supported saline-adapted plant communities,
such as samphire shrubland, an important feeding habitat for migratory waders, waterfowl,
and water birds (EconSearch, 2004a). In good condition, they support diverse faunal
assemblages and several areas of seasonally inundated Swamp Paperbark (Melaleuca
halmaturorum).
Fresh wetland areas would have received significant fresh water inputs from Eastern Mount
Lofty Ranges streams, localised run-off, or infrequent, but extensive, flooding of the River
Murray and would have supported a range of submerged and emergent freshwater plant
communities. The rejuvenation of these breeding grounds is important for a healthy
Ngarrindjeri cultural economy.
Figure 2.1 shows the location of remaining wetland and saline vegetation areas around the
Lower Lakes and Coorong.
2.2.2 NGARRINDJERI RUWE
The Lower Lakes and Coorong region is of high cultural, economic, spiritual and social value
to the Ngarrindjeri people. The Ngarrindjeri are the traditional owners of the region and
maintain a continuous, strong relationship with their land and waters (Ruwe). Dreaming
stories, and archaeological, anthropological and historical evidence all support Ngarrindjeri
traditional ownership (NRWG, 1998). A wide range of archaeological sites have been
identified, such as shell middens, quarries, open campsites, rock paintings and engravings,
burial grounds and sacred and ceremonial sites (EconSearch, 2004a). Figure 2.2 shows some
of the main language groups associated with Ngarrindjeri lands.
The River Murray brings life to the Ngarrindjeri in a practical and spiritual sense. It is central
to culturally significant teachings, such as Ngurunderi and the Seven Sisters, which describe
how the land, water, animals and people came to be (NRWG, 1998).
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The fish, birds and other living things are the Ngartjis (totems) of the Ngarrindjeri people,
with which they have a strong spiritual connection and a responsibility to protect.
Ngarrindjeri culture and spirituality provides a unique perspective on the values of this
location and the maintenance of its habitats (NRWG, 1998).
Ngarrindjeri social, recreational, economic and spiritual activities are intertwined and
governed by Ngarrindjeri laws. The Ngarrindjeri engage in most social and recreational
activities pursued by the non-Indigenous community in accordance with Ngarrindjeri
traditions. Education is always a part of Ngarrindjeri use of their Ruwe. Cultural knowledge is
reinforced and passed on through social and recreational activities such as cultural affirmation
programs.
The Ngarrindjeri are engaged in mainstream economic activities, such as cultural tourism,
education and awareness programs, retail, and community service programs, all of which
contribute to the broader regional economy. They also rely on the health of the Lower Lakes,
Coorong and Murray Mouth for their cultural economy. The condition of the system affects
traditional practices such as fishing, hunting, gathering eggs, collecting reeds and making
traditional wares (for example, baskets).
Ngarrindjeri believe that the Icon Site must be preserved for the benefit of future generations.
A proper relationship and role in the management of the land is a fundamental platform in
building and maintaining Ngarrindjeri culture and self-respect. Ngarrindjeri believe that their
future involvement in the management of the land would be positive and beneficial to all
members of the community, both Indigenous and non-Indigenous, and would represent a
significant step in the process of reconciliation. The strengthening of Ngarrindjeri people and
their culture requires a serious involvement in the management of their traditional lands
(NRWG, 1998).
2.2.3 NGARRINDJERI CULTURAL WATER
Ngarrindjeri lands and waters is a living body. It must be healthy for Ngarrindjeri people to be
healthy. This isa human right. Ngarrindjeri people need to manage the health of Ngarrindjeri
Ruwe (lands and waters) according to Ngarrindjeri laws and traditions. For example, cultural
flows are essential for the continued breeding and health of Ngarrindjeri Ngartjis (totems).
Ngarrindjeri people believe that the Ngarrindjeri Nation's health depends on the health of our
Ngartjis. This cultural flow is also essential for our Ngarrindjeri cultural heritage sites. Some
areas are of high Ngarrindjeri cultural significance but have not been identified as being
environmentally significant. Ngarrindjeri leaders need access to cultural flows to maintain the
health of these places. Ngarrindjeri people wish to be actively supported in determining the
priorities and allocations for cultural water flows and in continuing Ngarrindjeri research into
Ngarrindjeri Ruwe.
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Figure 2.1 Wetland/fringing vegetation around the Lower Lakes and Coorong
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Figure 2.2 Ngarrindjeri country

Lower Lakes, Coorong and Murray Mouth Icon Site Environmental Management Plan 2006-07

13

2.2.3 SOCIAL AND RECREATIONAL
The Lower Lakes, Coorong and Murray Mouth are popular areas for recreational activities
including fishing, swimming, canoeing, sailing and water-skiing. Picnicking, camping,
sightseeing, bird watching and touring are also popular (EconSearch, 2004a). The Coorong
and Lower Lakes have become important locations for recreational boating and fishers due to
the quality of the natural environment and the presence of species such as mulloway.
There are also less tangible values associated with the Icon Site; its natural attributes are
important to both residents and visitors. People living in the area have a strong affinity with
the site’s aesthetics while, perhaps most importantly in the case of its Ramsar listing, others
derive ‘existence value’ from the Icon Site – that is, they gain satisfaction purely from the
continued existence of the site (DEH, 2000). While this may not involve physical use of the
Icon Site’s natural resources, such values are nonetheless significant and must also be
considered.
2.2.4 Economic

The Lower Lakes, Coorong and Murray Mouth support a range of economic industries
including irrigated and dryland agriculture, commercial fishing, tourism, recreation and
manufacturing. All rely on the ecological health of the Icon Site for their wealth. A healthy
ecosystem ensures the existence of large and viable populations of fish for commercial and
recreational fishing; good quality water for irrigation; healthy bird numbers for ornithologists;
the maintenance of the vitality of its Indigenous people; and an aesthetically attractive and
pleasing environment for people to enjoy.
In terms of both production and employment value, agriculture is the most important industry
with viticultural production being the most significant component. In 2003, Langhorne Creek
became South Australia’s second largest grape-producing region behind the Riverland. Milk
production, horticulture and cereals are also major contributors (EconSearch, 2004a). For
example, the Lower Lakes dairy area has grown significantly during the last 10 years, with
over $75 million being invested in the dairy industry in the Narrung region.
Manufacturing is also a major regional activity. Over recent years, a number of small and
medium sized manufacturing businesses (such as wineries, citrus processors and dairy
manufacturers) have started operating in the region.
Tourism and recreation also provide considerable income for the local community, and
business associated with these activities (accommodation, cafes and restaurants) generate
significant benefits such as local employment.
Commercial fishing

The South Australian Lakes and Coorong Fishery is a small scale, multi-species fishery that
operates within a highly modified, very dynamic environment. The fishery also encompasses
the adjacent coastal marine waters along the Sir Richard and Younghusband peninsulas. It
involves 37 fishers employing approximately 100 people, with a landed wholesale value of
approximately $5.5 million per annum (Hera-Singh, 2002). The industry contributes to the
regional economy through employment, small business enterprise, providing fish products to
local consumers and other flow-on effects to the community (PIRSA 2004). Key species are
mulloway, Goolwa Cockles, Black Bream, Greenback Flounder and Yellow-eye Mullet (see
Appendix F for a full list of scientific names). The catch of these species between 1992 and
2003 is shown in Figure 2.3.
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Figure 2.3 Catch of high volume species, lakes and Coorong fishery 1992/93 - 2002/03

Source:
EconSearch 2004a
Recreational fishing and boating

The Boating Industry Association of South Australia estimated that approximately 6,000
trailer able watercraft and 800 non-trailer boats were in regular use in the lakes and Coorong
region in 2001. Total boat use was estimated at 120,000 user days per annum, injecting about
$7 million annually into the local economy (Desbiolles-Higgins and Jones, 2002). Helicon
(2004) states that recreational boating generates (directly and indirectly) over 1,700 jobs and
contributes more than $170 million to the regional economy (see Table 2.1). Significant
boating events are also important tourism and recreational attractions to the area, including
the Goolwa-Meningie Yacht Race and Milang-Goolwa Freshwater Classic, which attract
thousands of visitors each year.
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Table 2.1 Estimated gross regional impact of recreational boating in the Lower Lakes,
2003

Source: Helicon 2004

2.3 CURRENT WATER MANAGEMENT WITHIN THE ICON SITE
Water levels in the Lower Lakes follow an annual cycle of drawdown during the
Summer/Autumn period, when extraction and evaporation exceed entitlement flows, and are
refilled during Winter and Spring as flows increase and extraction and evaporation decreases.
The barrages are operated and maintained by SA Water under the direction of River Murray
Water (MDBC, 2004c).
The main operating rule for the Lower Lakes is to maintain an average water level of 0.75 m
Australian Height Datum (AHD). This is compared to a mean sea level of -0.03 m AHD at
Victor Harbor. Sufficient barrage gates are opened or closed to maintain this level. As river
flow increases, more gates are opened to maintain 0.75 m AHD. Forecasts from the MDBC
and Bureau of Meteorology, together with flows over Lock 1 and current weather conditions,
are used as a guide to open gates.
When River Murray flows are limited to entitlement flows, evaporation from the lakes
exceeds inflow and lake levels drop unless some action is taken to reduce the drawdown. To
mitigate this effect, the barrages are closed and the lakes surcharged to 0.85 m at the
beginning of Summer, to allow for evaporation dropping the level to an average minimum of
0.60 m in Autumn.
There is a range of operational constraints on current management of the Lower Lakes.
Water level

Irrigation development around the lakeshore, in particular the reclaimed irrigation areas along
the river channel below Mannum, is generally based on gravity systems that rely on water
levels being maintained above a minimum level of 0.6 m. Levels down to 0.35 m can be
tolerated, but only for short periods of time (days). For the purpose of irrigation, water supply
and bank stability, current operating rules aim to maintain the water level within a narrow
band of 0.6 m - 0.85 m.
Salinity

The salinity of the Lower Lakes can increase substantially during low flow periods and cause
problems for irrigation. Thus, salinity in the lakes must be managed to provide adequately
fresh water for surrounding agricultural industries and domestic supply. The water level in
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Lake Alexandrina has, in the past, been decreased to 0.65 m AHD to allow flushing.
However, this may induce the discharge of saline groundwater to Lake Albert (Parsons,
2002).
Groundwater surrounding the lakes contains very high, naturally occurring salt
concentrations. Salinities range from 10,000 EC to 20,000 EC (see Appendix G for salinity
definitions) with a slight natural gradient towards the lakes, causing seepage and increasing
salinity. Experience has shown that water levels below 0.65 m can greatly increase saline
seepage.
Further information about the ecological impacts of changed salinities is found in Section 3.3.
Algae

The Lower Lakes can provide an environment that favours algal blooms (cyanobacteria) –
nutrients, turbidity, temperature and calm conditions. The largest point source of nutrients in
the Lower Murray is the reclaimed irrigation areas due to the high concentration of dairy
cattle. Rehabilitation of these areas to significantly reduce nutrient loads returning to the river
is well advanced.
Several small communities rely on pumping water from the lakes for domestic supply
including Clayton, Narrung and Raukkan (Point McLeay). High salinities and algal counts
cause concern for these communities and water users. Further information about the
ecological impacts of cyanobacteria is found in Section 3.3.
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3. ENVIRONMENTAL CONDITION
3.1 PROCESSES DRIVING ICON SITE ECOLOGY
There are numerous determinants of the character of the Lower Lakes and Coorong
ecosystem, both natural and anthropogenic. Those determinants that are naturally occurring
are considered to be ‘drivers’ and those that are anthropogenic in origin are considered to be
‘levers’. Drivers and levers work together to determine what components and processes occur
in a given ecosystem. Figure 3.1 shows the drivers and levers of the Lower Lakes and
Coorong ecosystem as well as the ecosystem components, processes and services that result
from their operation. This figure and the explanatory text below have been adapted from
Phillips and Muller (2006) which can be consulted for more detail.
Figure 3.1

Drivers, levers, components and processes for the Lower Lakes, Coorong
and Murray Mouth Icon Site.
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Ecological character

The drivers for the Lower Lakes, Coorong and Murray Mouth Icon Site are climate,
hydrology and geomorphology. Wind, sea level changes, photoperiod and tide actions are key
climatic drivers at this site and these will alter across seasons and years. Thus it can be
difficult to predict the influence a given driver may have on a given ecosystem component or
process in any one flow season.
Levers include River Murray regulation, water extraction, riparian land management,
dredging and barrage operation. In general terms, the influence of levers is easier to predict
and control than that of drivers because by definition levers are anthropogenic and at least
partially controllable and quantifiable.
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The freshwater inputs to the Icon Site result from the action of both drivers and levers
operating upstream. These diminished flows to the Icon Site, in turn, greatly exacerbate the
influence of local drivers and levers. For example, salinity within the Icon Site is greatly
affected by the balance between River Murray inflows and the large amount of evaporation
that occurs in the Lower Lakes and Coorong. During low flow conditions, salinities can
become extremely high as water evaporates and is not replaced by freshwater inputs.
Therefore levers (eg. regulation and extraction) and drivers (eg. variable rainfall) work
together to determine the salinity regime which determines the composition of the flora and
fauna because salinity tolerances are a major factor in species survival.
The three ecological objectives for this site focus on ecological components and processes:
• an open Murray Mouth;
• more frequent estuarine fish spawning and recruitment; and
• enhanced migratory bird habitats in the Lower Lakes and Coorong (see Section 4).
In order to achieve these objectives, levers need to be manipulated to complement variations
in drivers. For example, if freshwater inputs are low, weirs and storages upstream can be
manipulated to achieve outcomes related to higher flows at the Icon Site without an increase
in rainfall and runoff within the catchment, to enable the barrages to be operated for
maximum ecological benefit under the given flow regime. Ultimately the ecosystem services
or benefits that are generated by this Icon Site, such as fishing and freshwater supply, depend
on achieving these ecological objectives because ecosystem services are provided by
ecological components and processes. The ecological character that results is a combination
of the ecosystem components, processes and services.
It is vital that the relationships between drivers and levers and the components, processes and
services they support are understood in order to effectively manage the site and meet the
objectives. The knowledge represented here in these conceptual models, documents, current
thinking and these models serve as instruments that can be used for communication and can
be modified as knowledge gaps are filled and understanding deepens.
3.1.1 SYSTEM DRIVERS
Climate

Wind, tides, local rainfall, temperature, photoperiod and solar radiation are all part of this
driver. They act across all components, processes and services. Given the location of this site
at the bottom of the catchment it is extremely exposed to climatic factors, such as rainfall,
across the whole Basin. The connection to the Southern Ocean also exposes the site to strong
winds and tides. Photoperiod is particularly important for fish that respond to photoperiod
changes such as hours of daylight, angle of the sun, interactions between moonlight and
sunlight, water temperature and the timing of sunrise and sunset.
Geomorphology

This describes the ‘shape’ of a river, wetland or other part of a catchment and is a key
determinant of the water regime that is experienced in a wetland. For example, the wider and
more shallow a wetland, the greater the change in wetted area as water levels vary.
Geomorphological processes include erosion, deposition and river mouth maintenance.
Hydrology

The hydrology or how wet a wetland is, is a product of climate and geomorphology. It is the
starting point for determining the physico-chemical environment and what types of flora and
fauna will occur in the wetland. For example, certain plants only occur in permanently
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inundated areas whilst others favour ephemeral zones and thus the type of habitat available
varies across the hydrological gradient.
3.1.2 SYSTEM LEVERS
River Murray inflows

The flow of the River Murray is highly regulated by locks and weirs, and flow through the
system and out the mouth has greatly reduced since European settlement. Water levels in each
weir pool are controlled by the operation of the weirs and are very static. The regulated River
Murray is functionally a series of cascading or isolated pools rather than a connected river
channel, until moderate to high flows occur which overtop the weirs, and flow then occurs
relatively unimpeded. Under regulation, floods are less frequent, less extensive, less variable
and of altered duration and seasonality, and this has had an adverse impact on flooddependent processes such as fish spawning and recruitment. Outflows of River Murray water
drive ecological processes offshore in the Southern Ocean. The fresh water is less dense than
seawater and ‘floats’ out providing food and cues for marine life, highlighting the need for an
open Murray Mouth for the marine as well as the fresh-estuarine environments.
Water extraction

Water is extracted from the Basin via pumps, dams, bores and channels such that only 27% of
the natural median flow has discharged to the sea in the last 109 years (MDBC, nd). The
impacts on the wetland’s hydrology are both direct (eg. lowering of wetland pool levels) and
indirect (eg. changes to freshwater input volumes and patterns).
Barrage operation

Five barrages separate the freshwater of the Lower Lakes from the more saline waters of the
Coorong and Murray Mouth Estuary. These structures contain 593 independently operated
gates that are the primary lever for water delivery within the site, affecting Lower Lakes
levels as well as controlling freshwater inputs to the Coorong and estuary. It is very difficult
maintain a target lake level as a given point in time because of the need to replace water that
is lost through evaporation (particularly in Summer) and because of the constraints on
operation. Operation of the barrages is highly constrained by the threat of reverse flows of
saline water driven by tidal movement and wind (automatic gates shut down when the head
difference is less than 100 mm). Reverse flows occur almost constantly when the lake level
drops to below 0.6 m AHD (Australian Height Datum) which effectively prevents releases at
low lake levels even though the structures could be operated down to 0–0.2 m AHD. The
lakes are considered to be at full supply at 0.75 m AHD and surcharged at 0.85 m AHD.
Water flow down the spillways nominally begins at 0.81 m AHD without wind influence but
these flows are strongly affected by wind.
Dredging

The Murray Mouth is situated along a very energetic coastline where the seawater that enters
the mouth is supersaturated with sand. Under natural conditions, River Murray outflows kept
the mouth open at all times, but since October 2002, dredges have been operating almost
continuously to dredge out two channels and keep the mouth open enough to promote tidal
exchange between the Southern Ocean and the Coorong Lagoons. It was the closure of the
Murray Mouth that lead to the greatest ecological damage to both the North and South
Lagoon because more seawater and sand could enter the Coorong than could be washed back
to sea. This resulted in increased water depth and temperature and this in turn lead to very low
oxygen levels that killed many fish, crabs and vegetation (Webster, 2003).
Upper South East Drainage Scheme (USED) inflows

Since August 2000, redirected groundwater and surplus surface water collected in drains
constructed across the Upper South East of South Australia has been stored and released into
the South Lagoon of the Coorong via Morella Basin and a regulator in Salt Creek. Inflows are
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currently capped at a release limit of 40 GL/y on a ten-year rolling average, although this is
under review.
Riparian land management

This site supports extensive agricultural activities and some urban developments. In many
cases agricultural activities such as grazing occur right to the water’s edge and the site is
highly exposed to discharges from the land to the air, water and wetlands contained within the
Icon Site as well as direct impacts such as cattle grazing riparian vegetation and trampling
habitat.
3.1.3 ECOLOGICAL COMPONENTS AND PROCESSES
Water regime

Water regime at a habitat scale determines the patterns of flora and fauna within a wetland
system. It is described in terms of timing, frequency, duration and extent of inundation. At
this site the key driver of water regime is climate (eg. in the Murray-Darling Basin and
Eastern Mount Lofty Ranges) and the key levers are water extraction, barrage operation and
weir manipulation.
Physico-chemical environment

Physico-chemical components in an ecosystem include dissolved salts, suspended sediments,
dissolved oxygen and temperature. Physico-chemical processes include sedimentation, light
penetration through the water column, nutrient cycling and stratification/destratification.
These are key determinants of flora and fauna patterns. For example, areas with poor light
penetration due to high levels of turbidity will not support submerged aquatic plants, but
instead will promote the growth of algae.
Keystone species

Keystone species are those species whose loss from a system leads to the loss of other species
(Mills et al., 1993). Therefore, if a keystone species or groups of keystone species are lost
there will be a fundamental shift in the ecological character of a site. For this site the keystone
species are the aquatic plants that form the architecture for the wetland habitats; without them
the ecosystem cannot function as it should. The loss of Ruppia spp. from most of the Coorong
and the appearance of large populations of brine shrimp and algae in Spring and Summer of
2005/06 suggest that an ecological shift is underway in which aquatic plants are being
replaced by algae as the primary producers of the system. This will have cascading effects on
the fish and birds utilising the site.
Species and species assemblages

The combined forces of all the drivers and levers determine the types and patterns of flora and
fauna within a wetland. Assemblages of species are vital to ensure that the complex
interactions between different ecosystem components and processes occur. Plants, animals
and microbes depend on each other for processes such as decomposition, pollination and seed
dispersal.
Habitat availability

Habitats are the places where plants, animals and microbes live and where ecological
processes are carried out. Habitats need to be available at the right time, in the right place and
in the right condition to keep a wetland healthy or improve its health. Measures of habitat
availability include variety, types, accessibility, connectivity and keystone species status.
Nutrient and carbon cycling

Very little is known about the details of nutrient and carbon cycling at this Icon Site other
than to say that during the prevailing low flow conditions in the River Murray, the Icon Site is
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acting as a sink for sediments, nutrients, chemicals, salt and carbon and these processes are
likely to be fundamental to the health of the site. Significant investment is being made in
better understanding these processes.
For more detail on this conceptual model and the impacts drivers and levers have had on the
Coorong and lakes system see Phillips and Muller (2006). See also Lamontagne, et al., 2004
for discussion on drivers, levers and knowledge gaps.
3.1.4 CONCEPTUAL MODEL FOR THE LOWER LAKES
A more specific conceptual model for the Lower Lakes is
shown in Figure 3.2. This shows the relationships between
the major drivers, levers, components and processes in the
Lower Lakes. Freshwater inputs and lake levels, which
determine water regime at a habitat scale, are products of
both drivers and levers as discussed above and shown in
Figure 3.1.
Lake levels and erosion

The modern water regime in the Lower Lakes is much
more static than under natural conditions. The lakes are
held at levels that would have only been experienced
naturally in winter-early Spring. This static water regime
has impacted upon the geomorphology of the lakes
through prograded shorelines in sheltered areas and
accelerated shoreline erosion and sedimentation in exposed
areas. Together the static water regime and the changed
geomorphology have impacted on littoral plant and
wildlife communities, such that those plants that rely on
variable water regimes are now under-represented
(Lamontagne, et al., 2004; Phillips and Muller, 2006). This
impacts on many other species because these plants have
keystone species status.
Freshwater inputs
Freshwater inputs to the lakes include River Murray flows
over Lock 1, local rainfall and flows from the Eastern
Mount Lofty Ranges tributaries. Groundwater inputs are
poorly understood but given that artesian Springs are
recovering along the Angas and Bremer River floodplain
and the high contribution of groundwater to EMLR
inflows, groundwater inputs may be significant in terms of
duration and timing.

Understanding the complexities
of the Icon Site
Conceptual models show links between
various parts of a system. They can be
described as ‘cause and effect’ diagrams: a
change in one component will affect other
components. The arrows show the direction
of influence. Models for the Lower Lakes and
Coorong (figures 3.2 and 3.3) show:

•

freshwater inputs to the system, and
associated water quality parameters

•

physical processes such as wind
and Murray Mouth opening

•

various ecological processes, which
are influenced by water quality
parameters and physical processes
to complement these models, more detailed
conceptual models have been created for
individual components, such as wading birds
and mudflat habitat, invertebrates, aquatic
plants and fish (see Appendix O).
The models illustrate the complexities of the
Icon Site, and compel managers to gain and
consider as much knowledge about the site
as possible. A risk management approach is
being developed to aid complex decision
making regarding operation of levers such as
the barrages to ensure that decisions
affecting one component of the system do not
adversely affect other components. This
understanding is also critical to adaptive
management at the site to achieve better
ecological outcomes. The models are based
on our current understanding of how the
systems work, and are closely linked to the
objectives and targets identified for the Icon
Site (see Section 4).

River Murray inputs
Reduced freshwater inputs from the River Murray and the
subsequent extended closures of the barrages, has increased the average water residence time
for the Lower Lakes. This has resulted in higher sediment loads in the lakes and reduced
outflow of freshwater to the Coorong and Southern Ocean (Lamontagne, et al., 2004). It has
also meant that salt and silt loads from inflows are not flushed out over the barrages but are
stored in the lakes, increasing the resident salinities and turbidities of lake water and the
transport of sediments to the Coorong during flow events.
Rainfall
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Direct rainfall on to the water surface is a significant contributor of fresh water to the system.
It is estimated that an average of 270 GL/y falls on the River Murray and the lakes below
Lock 1.
Eastern Mount Lofty Ranges inflows
The Eastern Mount Lofty Ranges (EMLR) contain 13 streams, five of which discharge into
Lake Alexandrina – namely, Currency Creek, Deep Creek, Tookayerta Creek, Finniss River,
Angas River and Bremer River. These streams drain water from catchments that vary in
rainfall from 350 mm to 850 mm and recharge aquifers in the hills and across the plains. Flow
was permanent prior to European settlement, with Summer base flows provided by
groundwater discharge and wetland drainage but most of these streams are now ephemeral,
except the Finniss River and Tookayerta Creek that only cease to flow irregularly during hot,
dry Summers.
Gauging stations on Currency Creek and the Rivers Finniss, Angas and Bremer show that
annual runoff equates to c. 75 GL (DWLBC, unpublished data). However, total inflows to the
lakes are uncertain. This gauged figure does not include Deep Creek and significant parts of
the hills that contribute flow, but are ungauged. The Angas and Bremer Rivers only contribute
significant volumes to the Lower Lakes in periods of high flow because most of the
streamflow recharges local groundwater (Mardi Van der Wielen, pers. comm. 2005).
Importantly, flows from the EMLR have relatively natural patterns in terms of timing,
frequency and duration (although flow rates and extent of inundation have been reduced).
This provides water for key habitat components for submerged and emergent aquatic plant
communities such as Black Swamp, a National Estate listed wetland that depends on flows
from EMLR for water regime and maintenance of water quality.
Figure 3.2 Conceptual model for the Lower Lakes
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Wind and waves

The shallow and exposed nature of the Lower Lakes allows efficient mixing of the water
column, preventing stratification (although it can exist), and the generation of waves and
seiches. Water level variations of up to 0.6 m by wind seiche are common. This has negative
consequences for barrage operations, but may also provide benefits such as water exchange
between the two lakes and intermittent inundation of some fringing wetlands and floodplain
areas (Lamontagne, et al., 2004).
Turbidity

Waves and currents contribute to erosion and sediment resuspension, which increase
turbidity. Exposed lakeshores are more prone to erosion and thus riparian land management is
an important tool in managing shoreline stability. The source of freshwater inputs can also
influence the turbidity of the lakes, because water from the River Darling is more turbid than
River Murray water. When river flow is low, or if a larger proportion of water is sourced from
the River Darling, the lakes can become nutrient rich and blue-green algae can flourish
(Lamontagne, et al., 2004). Increased turbidity can also impede plankton and aquatic plant
growth in the Lower Lakes by reducing light penetration. The feeding activities of carp also
contribute to the high levels of turbidity.
Salinity

The Lower Lakes are fresh to marginal in terms of salinity. They still contain remnant fauna
and flora characteristic of a freshwater environment, although five species of native
freshwater fish are now considered locally extinct including the Purple Spotted Gudgeon
(Wedderburn and Hammer, 2003). While the lakes do not contain the range of ephemeral
habitats that occurred naturally and are no longer openly connected to the Murray Mouth
estuary, significant variations in salinity do occur, especially during drought periods, which
provide a connected mosaic of more and less saline habitats.
The salinity level of Lake Alexandrina ranges from 400 EC to 1,200 EC (Walker, et al.,
2004). Lake Albert, measured at Meningie, is typically in the range of 1,300 EC to 2,000 EC,
but can be in the range of 1,800 EC to 3,000 EC following extended periods of low river flow
(Lamontagne, et al., 2004)1 (see Appendix G for salinity definitions).
3.1.5 CONCEPTUAL MODEL FOR THE COORONG
A conceptual model for the Coorong is shown in Figure 3.3. Major drivers of Coorong
ecosystem processes include geomorphology, wind, seasonal sea level changes, and tides with
the major lever being mouth openness. Freshwater inputs, water levels and salinity, resulting
from the combined influence of the various drivers and levers, are the key determinants of the
ecological components and processes.

1

Note that the salinity of seawater is 50,000 EC.
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Figure 3.3 Conceptual model for the Coorong
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Freshwater inputs

Under natural conditions, the Coorong received significant freshwater inputs from the River
Murray, the watercourses of the Southeast of South Australia and the regional groundwater.
According to the Ngarrindjeri community and long-term fishing families interviewed by
Phillips and Muller (2006), the inflows from the southeast and the freshwater soaks were
significant enough to form a stream of freshwater through the center of the South Lagoon
which drained into the North Lagoon where it mixed with River Murray water. In high flow
conditions, the freshwater inputs into the South Lagoon were strong enough to prevent River
Murray water entering the Coorong, forcing it out of the Murray Mouth. Hence the Coorong
lagoons were regularly flushed with freshwater inputs from both the north and the south and
this would have reset the estuarine conditions and replenished its nutrient and organic matter.
Under current conditions, River Murray flows have been the major freshwater inputs to the
Coorong because of extensive drainage of the southeast and alterations to the regional
groundwater system.
River Murray inputs
Freshwater inputs from the River Murray are essential for maintaining estuarine conditions in
the Murray Mouth estuary and the northern end of the North Lagoon. Under natural
conditions, River Murray flows would have preferentially flowed along Goolwa Channel and
out the Murray Mouth in low flow conditions and would have extended further into the North
Lagoon as flows increased and began to flow between the lake islands. River flows in the
order of 80–100 GL/y are required to push water past Parnka Point (Hera-Singh, pers comm.)
River Murray flows have been significantly decreased since European settlenment and long
periods of barrage closure have occurred. Between 1981 and 2003, there were seven periods
when no water was discharged through the barrages for 200 days or more with the longest
period being 630 days.
Upper South East input
Before extensive drainage of the south east of South Australia, the Coorong received
significant flows into its southern end. England (1993) describes ‘underground rivers’ that
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carried water through sand dunes and slow moving surface water that passed from wetland to
wetland from the Victorian border to the South Lagoon, with Tilley’s Swamp acting as a
natural holding basin before discharge to South Lagoon via Salt Creek. He cites papers from
the 1860s that state that the bulk of water held in the south east drained to the Coorong and
that whenever there was water in Tilley’s Swamp there was flow in Salt Creek. England
(1993) also highlights the euro-anthropogenic changes that have been made to drainage
patterns in the region since 1865, culminating in the current scheme.
Upper South East Dryland Salinity and Flood Management Program (USEDS &FMP)

Redirected groundwater and surplus surface water from the upper south east is released to the
South Lagoon of the Coorong at Salt Creek (Figure 3.4). Since releases began in 2000,
volumes to date have been in the order of 5,000–10,000 ML per year (Everingham, 2005).
Releases have increased gradually from 4,300 ML in 2000 to 10,236 ML in 2005
(Everingham, 2005). The Australian Government currently stipulates that the USEDS & FMP
must limit releases to 40,000 ML per year on a ten year rolling average, to mitigate any
impact of the less saline water (DWLBC, 2004b). This limit is currently being re-examined to
ascertain if it is still applicable under the current hypersaline conditions (2–6 times seawater).
The salinity of the water released from the upper south east is between 25,000 EC and 35,000
EC (approximately half sea water). The releases currently have minimal impact on the water
level and salinity of the southern lagoon (Everingham, et al., 2005).
Once the USEDS & FMP is complete, the total baseflow is expected to be in the order of 20–
30 GL/year for an average year and greater during years of high rainfall. There is potential to
store 40 GL in Morella Basin (Martin’s Washpool Conservation Park) and Tilley Swamp
watercourse to manage the release of flows.
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Figure 3.4 Upper South East Drainage Scheme
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Groundwater inputs
Groundwater inputs to the Coorong from freshwater soaks are an extremely important driver
of the system. They are the only source of water for fauna on the Coorong peninsula and an
important source on the mainland side. The freshwater regime provided by these soaks
supported extensive stands of aquatic plants and large numbers of ducks and swans. In the
early to mid-1900s a duck processing factory operated at Salt Creek. The number of running
soaks has declined markedly and those that remain have declined in pressure and quality.
Emus and kangaroos on the peninsula now need to dig down 20 cm or more into the soaks to
obtain drinking water. The discharge of water from the soaks is driven by seasonal changes in
sea level and the regional dynamics.
Water levels

Water levels in the Coorong and Murray Mouth region are determined by geomorphology,
wind, freshwater inputs (barrage operation), tides, the degree of Murray Mouth openness and
seasonal sea level changes. The amplitudes of these fluctuations and their time scales have
important implications for specific ecological components and processes as shown in the
component conceptual models in Appendix M. Seasonal changes in Coorong water levels
range from 0.5 m at Goolwa to 0.9 m in the South Lagoon. They are highest in JulySeptember, lowest in February-April and are influenced by sea level change, wind speed and
direction and barrage operation.
The North Lagoon generally experiences higher seasonal variation than the South Lagoon,
perhaps due to the pattern of barrage releases (Lamontagne, et al., 2004) and the very
constricted passage between the two lagoons. Under low flow conditions, releases from
Tauwitchere and Goolwa barrages can back up waters in the North Lagoon, preventing water
from exiting the South Lagoon and increasing water levels. The capacity to lever water levels
in the Coorong through barrage operation ceases when flows exceed 20–30 GL/d. The
relationships between flows, Murray Mouth opening and resultant water levels have
implications for the three key ecological components modeled in Appendix M including the
degree of mudflat inundation and thus access to habitat for foraging waders.
Tides near the mouth are semi-diurnal and vary between 0.2 m (neap) and 1 m (Spring tides).
Water levels vary in the Murray estuary when the Murray Mouth is open, resulting in wetting
and drying of the mudflats. However, mouth constriction dampens the tidal variation and
reduces the extent of the tides into the Goolwa and Coorong channels, reducing the ‘flushing’
and cooling effects that seawater inflows have on the Coorong. The mixing of water
associated with these inflows is also reduced (Lamontagne, et al., 2004). Further, if the mouth
is highly restricted, seawater brought in on high tides will not escape on the receding tide and
the water level in the Coorong steadily increases, drowning out wader habitat and resulting in
very poor oxygen conditions and very high water temperatures in Summer. This can have
devastating effects on the whole Coorong ecosystem as occurred in 2002 prior to the
installation of the dredges. The Ngarrindjeri have a long and continued understanding about
the importance of the mixing of the waters as it is embedded in key Ngarrindjeri creation
stories. Long-term fishing families also talk of the importance of saline and fresh water
mixing (NRWG, 1998, Phillips and Muller, 2006).
Salinity

Salinity distribution along the Coorong is determined by evaporation, mixing of water both
within and between lagoons, freshwater inputs via barrage releases, the USED Scheme and
groundwater. Salinities in the north of the Coorong directly depend on barrage outflows and
can be close to that of the Lower Lakes when the barrages are open for extended periods.
They are also affected by the degree of congestion of the Murray Mouth: an open Mouth
allows greater mixing of seawater by the tides and thus prevents hypersaline conditions
persisting.
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Evaporation is at a minimum during winter (around 2 mm/day) and at a maximum during
Summer (7 mm/day), steadily increasing salinity in the lagoons over the year. Salinities are
typically hypersaline at the southern end of the South Lagoon due to excessive evaporation
and reduced freshwater inputs (Lamontagne, et al., 2004). Under current conditions, more
than 75% of the Coorong has salinities greater than double that of seawater (>110,000 EC)
with salinities reaching up to seven times seawater (>380,000 EC) in South Lagoon (Geddes,
unpublished data from 2005/06 survey). Salinities of 100,000 EC are a critical threshold for
many ecological components and processes. The length of time that salinities of this
magnitude persist determine the extent of the damage caused as most species can tolerate
short periods of less than 30 days of exposure to high salinities. Groundwater inputs to the
Coorong are poorly understood, but it is known that the hydraulic pressure, number of
freshwater soaks and discharge water quality have decreased significantly in the last 50 years
(Winter and Squire, 2003; Phillips and Muller, 2006).

3.2 ECOLOGICAL STATUS
The Coorong and Lower Lakes are not only part of a Living Murray Icon Site but are also
part of a wetland of International Importance under the Ramsar Convention on wetlands. The
site was nominated in 1985 and in so doing the Australian government made an international
commitment to maintaining the ecological character of the site as it was in 1985. Phillips and
Muller (2006) undertook the most extensive and comprehensive description of the ecological
character so far produced for the site, collating data from many different scientific
investigations as well as evidence from the Ngarrindjeri community and long-term fishing
families. The evidence was used to discuss changes in ecological character since 1985.
Phillips and Muller (2006) should be read in conjunction with this Icon Site plan for a
comprehensive understanding of ecological status and declines in key ecosystem components
and processes. The section below provides a synopsis of the ecological status of the site.
Studies over time indicate that the environmental health of the Icon Site has greatly declined
since European settlement, particularly since the 1940s under the combined influences of
river regulation, increasing water extraction and barrage operation. The current drought in the
Murray-Darling Basin did not cause the observed decline in health, it merely accelerated it.
But even in its current state the Coorong and lakes ecosystem meets eight criteria for Ramsar
nomination (Phillips and Muller, 2006). It contains a mosaic of 23 different wetland types
ranging from fresh ephemeral wetlands to permanent saline ones. It also provides habitat for a
number of endangered plants and animals.
Geddes (2003) concluded that the biodiversity and productivity of the Coorong were at an
historical low point. A comparison with the flora and fauna collected in the 1980s showed
that the distribution and abundance of a variety of species was greatly reduced. Populations
have decreased in numbers and retreated to small, more favourable areas, especially around
the Murray Mouth area which now represents the only functioning part of the Coorong
estuary (less than 25% of the original estuary). Geddes’ recent surveys show the poorest
biodiversity and abundance record for the South Lagoon.
A dramatic decline in the number of water birds utilising the Icon Site has been observed over
the last 20 years (AWE, 2003). There is also evidence of declines in native fish populations
with six species, including Murray Cod and catfish, considered to be locally extinct (MDBC,
2004c; Wedderburn and Hammer, 2003).
There are six primary determinants of the Coorong and lakes ecological character: salinity,
turbidity and sedimentation, water levels, keystone aquatic plants, habitat availability and
flows. Changes in these determinants lead to widespread changes in ecological character as
described in conceptual models for the site (see Phillips and Muller, 2006; Section 3.1 and
Appendix M). Loss of the natural flow regime, in particular, has had a huge impact on the
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ecology of the Icon Site directly affecting most of the other five key determinants. Long
periods of no or low barrage releases and high evaporation have seen the salinities in the
South Lagoon rise to four times that of seawater which is an historically high salinity regime
in the South Lagoon which would have been estuarine under natural conditions (see Section
3.1 and Phillips and Muller, 2006).
The Ngarrindjeri believe that too much water has been diverted from the river system and that
not enough reaches the lakes and Coorong. The Icon Site is no longer environmentally
healthy and the water is not fit for drinking. The Ngarrindjeri believe that the Coorong, lakes
and river are dying (NRWG, 1998; Phillips and Muller, 2006).
The Ngarrindjeri have considerable knowledge of the impacts of the degradation on species
outlined below and have documented some of this knowledge (NRWG, 1998; and Section 7
of Phillips and Muller, 2006). They are developing management plans (Ngarrindjeri Ramsar
Report; Sea Country Plan, Irrigation Report) that will provide input to further strategies for
partnerships with non-Indigenous groups.
There is sufficient evidence to show that under the current management regime, the estuarine
habitats at the site are declining in area and quality (DWLBC, 2002; Geddes, 2003; Phillips
and Muller, 2006). They are becoming overly simplified and dominated by species able to
withstand the current water regime. Approximately 755 of the Coorong Lagoons are
unvegetated; effectively an underwater desert unable to support the plants and animals that
once lived there. A 1995 biological survey of the Murray Mouth concluded that although
estuaries are traditionally areas of low biodiversity, the Murray Mouth had a particularly low
diversity due to poor water quality and flow manipulation (Edyvane, et al., 1996).
Phillips and Muller (2006) designed a ‘traffic light’ assessment to reflect the overall threat,
risk or vulnerability of each of 53 different ecosystem components and processes. Nearly half
are on ‘red’ and one-third on ‘amber’ indicating a need for urgent management intervention to
prevent further losses from the system. The impacts of degraded habitats on various
ecosystem components and processes are outlined below.
3.2.1 WADERS/WATER BIRDS
Reductions in the volumes and changes in the frequency, timing and duration of releases of
water over the barrages have eroded the habitat quality and feeding efficiency for migratory
waders and other shorebirds (DWLBC, 2002). Wader birds rely on tidal variation for their
foraging habits. If the mudflats are permanently inundated, the birds are prevented from
foraging for the invertebrates that live there; if the mudflats are permanently exposed, their
food source becomes desiccated and cannot survive (MDBC, 2004c).
The number of waders in the Coorong has shown dramatic declines over the last 20 years. In
2001, the total number was 48,425 compared to a peak of 234,543 in 1982. In 2002 and 2003,
an increase was observed with a total of 103,859 and 84,039 birds, respectively. In 2004,
numbers had dropped again to 58,757 but showed some improvement in 2005 when a total of
81,777 waders were counted (AWSG, 2005). See Appendix E.
Care must be taken in interpreting wader numbers because total counts may mask significant
trends, particularly shifts in species present. Closer examination reveals that the large
numbers of birds still being seen are made up of relatively few species able to tolerate current
conditions. Of concern are the lower numbers of Sharp-tailed Sandpiper (Calidris acuminata)
recorded in the 1980s at levels of around 25,000–55,000; their numbers dropped to 7,000–
10,000 in surveys of 2003-2005. A similar pattern is seen for Curlew Sandpipers (Calidris
ferruginea) (AWSG, 2005).
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While these observed changes could be caused by off-site impacts such as the quality of
alternative sites and a decline in the flyway population or by counting accuracy and methods
(AWSG, 2005), Paton (2005a and b) concludes that the decline in bird numbers are
attributable to reduced availability of food items. Wader demise is linked to reductions in
Ruppia spp. Seeds and turions and Small-mouthed Hardyheads (Atherinosoma microstoma).
Lack of adequate flows to the Murray Mouth will continue to erode estuarine habitats,
including those of wader birds. This continuing decline contravenes Australia'
s obligations
under the Ramsar Convention, JAMBA and CAMBA. It also contravenes Ngarrindjeri’s
obligations to the cultural health of other Indigenous nations, both nationally and
internationally, as migratory birds connect Ngarrindjeri Ruwe with other parts of Australia,
Asia and North America.
3.2.2 FISH
Constriction of the Murray Mouth, increasing salinity and low river flows are causing a
decline in many fish species in the Coorong and a decline in cockles in the near-shore
environment. Freshwater flows from the river have a direct influence on the spawning,
recruitment and growth of fish species and cockles. During periods of low flow and rainfall,
the Murray Mouth is important in maintaining healthy fish populations in the Coorong
because seawater becomes the major source of water to ‘freshen’ and maintain water quality
in the Murray estuary and Coorong. In addition, the passage for fish between the sea, Lower
Lakes and estuary is physically prevented by the presence of the barrages and constriction of
the Murray Mouth. Many species depend on movement between the ocean, the estuary and
the freshwater lakes for reproduction and recruitment (Higham, et al., 2002) and cockles
depend on outflows to provide estuarine diatoms needed for growth. Under current conditions
of low outflows, the cockle communities have been able to spawn on oceanic upwellings but
have been unable to grow due to lack of diatoms being discharged through the Murray Mouth.
Critical upper salinity levels have moved closer to the northern end of the Coorong, reducing
the functional estuary available to fish species to the area from Goolwa Barrages to Pelican
Point, less than 25% of the original estuarine habitat. Reproduction in some species is
unlikely to occur when salinities are higher than 78,000 EC–110,000 EC. When salinities are
around 125,000 EC in the South Lagoon, Small-mouthed Hardyheads (Atherinosoma
microstoma) may be the only species present (Jensen and Nicholson, 1993). In its current
condition, salinities in the South Lagoon range from 130,000 to 380,000 EC in Summer
(Geddes, 2005 and unpublished data).
The freshwater fish community described by Wedderburn and Hammer (2003) in the Lower
Lakes is diverse by South Australian and Murray-Darling Basin standards, with a mix of more
common diadromous species as well as common and threatened freshwater obligate species.
Eighteen native species have been recorded, including three of national and/or state
conservation significance (under the Environment Protection and Biodiversity Conservation
Act 1999 and Fisheries Act 1982). An additional five species of state conservation concern
were also recorded.
The diversity and extent of habitat types and species in the Hindmarsh Island region are a
standout for the lakes region and indeed the state, especially considering the populations of
threatened species recorded (Wedderburn and Hammer, 2003). It is now clear that the
important habitat for these fish (such as rich submerged aquatic vegetation) extends from core
channel habitat on the eastern end of Hindmarsh Island to a range of other habitats
surrounding wetland areas (for example, Dunn’s Lagoon, Black Swamp, Mud Island and
Jacobs Bight). The upper section of the Finniss River also shares similar characteristics and
warrants extra investigation to determine the extent and quality of its habitats. A selection of
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other areas, such as the Waltowa Swamp entrance (on Lake Albert) and irrigation channels on
the edge of Lake Alexandrina, are also key habitats for threatened species.
While a strong component of environmental flows revolves around the River Murray, the
importance of annual and reliable flows from streams of the EMLR, especially the Finniss
River and Tookayerta Creek, cannot be overstated in terms of providing critical flow bands
for small native fish recruitment and growth.
The current condition of the freshwater fish community is poor. Five species are thought to be
locally extinct including Purple-spotted Gudgeon, catfish and estuary perch (Wedderburn and
Hammer, 2003). Murray Cod numbers have declined significantly and it is known that they
have not recruited in the Lower Murray below Lock 1 since 1996 and thus are now
considered to be vulnerable and under threat of local extinction.
3.2.3 MACROINVERTEBRATES
An extended lack of River Murray flows through the Murray Mouth and into the Coorong has
resulted in the incursion of coarse marine sands into the Coorong estuary, smothering the
mudflats. Densities of benthic invertebrates from Pelican Point to Goolwa Barrage vary with
the composition of sediments: the higher the proportion of coarse grains in the mudflats, the
lower the numbers of invertebrates present. This is problematic because mudflat invertebrates
are crucial to the diets of many migratory and non-migratory wading birds in the Coorong
(Paton, date unknown).
Monitoring of estuarine-lagoonal macroinvertebrates in the Coorong by Geddes (2003, 2005)
showed that high salinities in the North Lagoon during Summer 2003 severely restricted the
longitudinal distribution of most species to the very northern end of the lagoon (Geddes
2005). In June/July, species found from Long Point southwards ranged from salinity tolerant
to salt lake species. The barrage outflow of September/October 2003 did not substantially
affect the distribution of estuarine-lagoonal macroinvertebrates, which remained restricted to
this northern area. Geddes’ monitoring of macroinvertebrates showed that most were low in
abundance, particularly amphipods, which have been present in high abundance in the past
(Geddes 1985). Appendix H lists the macroinvertebrate species found within the Icon Site.
Results from Dittmann’s mud flat survey (2005) support records on environmental conditions
and benthic distributions from previous surveys (2004), studies by Geddes (1987, 2005) and
Paton (2003), and substantiate concerns about deteriorating conditions and benthic
communities in the Coorong and Lower Lakes.
Species richness recorded during the December 2004 sampling amounted to 41 taxa.
Crustacea were richest in species with 11 identified morphospecies of amphipods. Insects,
which occurred mainly as larvae and were encountered especially at the lake sites and in the
South Lagoon, were represented with 13 families (Dittmann, 2005).
The challenge exists to provide more fresh water to the South Lagoon to reduce the
hypersaline conditions there, while at the same time maintaining marine conditions at the
mouth of the estuary. Instead of sudden barrage releases, which cause abrupt salinity changes
that are detrimental for waders and their macrofauna prey, releases of water from the lakes
should be slow to start and end or preferably, continuous.
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3.2.4 AQUATIC PLANT COMMUNITIES
Freshwater species
Prior to river regulation, a rich diversity of plants was distributed across the floodplain,
temporary wetlands and main channel. However, with an increase in water turbidity due to
lakeshore erosion, the aquatic flora is now restricted to the littoral zone. The lack of
inundation of the floodplain, coupled with grazing and clearing, has also reduced plant
biodiversity. A consequence is severely depleted flora, weed invasion and loss of species
(Ganf, 2002, Phillips and Muller, 2006).
Aquatic plants of the Lower Lakes are highly susceptible to changes in turbidity, flow regime,
salinity and temperature and thus are no longer able to colonise and survive in the deeper
waters of the lake. These plants are now restricted to areas that provide suitable water regimes
such as the wetlands at the junctions of the EMLR streams and in irrigation channels. In these
locations, cool, clear, flowing water is sourced from the streams as surface and/or
groundwater flow. These remnant communities support locally and nationally endangered
small native fish such as Yarra Pygmy Perch (Nannoperca obscura), Southern Pygmy Perch
(Nannoperca australis) and Murray Hardyhead (Craterocephalus fluviatilis) (Wedderburn
and Hammer, 2003).
Construction of the barrages and reduced river flows have dramatically reduced plant
biodiversity. Phragmites australis beds that have been able to establish in areas of reduced
wave action provide excellent shelter and habitat but are now dominating the plant
communities. Species such as Baumea spp., Eleocharis spp., Schoenoplectus pungens and
Cyperaceae that relied on the natural timing, duration and frequency of flows to allow
growth, flowering and seed development are severely under-represented, which means that
the fauna that utilise them are also under threat. Fluctuations in water regime have been
dampened by regulation to create a static water regime with sudden and poorly timed barrage
releases of insufficient duration to allow reproduction (Ganf, 2002, Phillips and Muller,
2006). Plant communities have therefore become simplified over time.
Ruppia species
Changed water regimes due to barrage operation and Murray Mouth constriction as well as an
increasing turbidity have impacted upon the life cycle and abundance of Ruppia species, the
keystone species for the Coorong. Ruppia spp. is a key food source for wader birds that feed
upon its seeds and tubers and provides habitat for small-mouthed hardyhead fish which is
another key food source. Water levels are a critical determinant of Ruppia spp. abundance: in
deeper water, growth is restricted by light penetration, while plants growing in water
shallower than 0.3 m are prone to desiccation by the wind. High levels of turbidity further
limit light penetration and thus the depth to which Ruppia spp. can grow. If this plant fails in
any one year due to inappropriate water levels or high levels of turbidity, there are
consequences for subsequent years. Any consistent reduction in its abundance will have a
detrimental affect on other components of the system, including migratory waders (Paton,
2005b).
Geddes (2003) found that Ruppia tuberosa was the only representative plant still surviving in
the Coorong. No R. megacarpa was collected at any of the surveyed sites, suggesting that the
seed bank was either limited or non-existent even though it was once the dominant plant of
the North Lagoon (Geddes, 1987, Phillips and Muller, 2006). Geddes relates this change to
increased salinity, which varied from seawater around the Murray Mouth and northern part of
the North Lagoon to hypersaline in the majority of the lagoon (salinity levels consistently
above 90 ppt), although it is likely that increasing turbidity and sedimentation has also had a
significant adverse impact (Phillips and Muller, 2006).
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The production and extent of Ruppia tuberosa in the South Lagoon has also deteriorated since
1985. The abundance of seeds and turions in sediment cores has decreased by up to tow
orders of magnitude (Paton, 2005b). Recovery of Ruppia spp. under the current management
regime will be difficult. Surveys undertaken after the barrage release of September/October
2003 failed to find any strands in the North Lagoon and Murray Estuary, apart from a few
strands collected from inshore at Ewe Island (Geddes, 2005). Immediate management
intervention in terms of improved barrage operation, releases from the USED and trialling
revegetation techniques are necessary to prevent complete loss of these plants which, if
allowed to occur, would lead to a fundamental shift in the ecological character of the site and
a loss of many other ecosystem components and processes given their keystone species status.
Saline wetlands fringing Lake Alexandrina
The maintenance of static and high lake levels coupled to the erosive action of waves on the
lake have destabilised the lake edge, and freshened areas that were once more saline thus
confining samphire to the shallow depressions behind the lake edge. Grazing animals damage
wetland soils and consume regrowth, preventing regeneration of this habitat. Under the
current freshwater regime, it is also doubtful that Swamp Paperbark (Melaleuca
halmaturorum) can regenerate. Phragmites australis and weeds (kikuyu and paspalum) are
able to colonise and overgrow samphire remnants in these freshened areas (EconSearch,
2004a) leading to a further simplification of the plant communities.
The restoration of key wetlands (nurseries) fringing Lake Alexandrina and Lake Albert are
high priorities for the Ngarrindjeri (NRWG, 1998). The Waltowa wetland is one such
example.
3.2.5 WATER LEVELS IN THE SOUTH LAGOON
From October to Summer, low seasonal water levels and tides in Encounter Bay promote the
outflow of water through the Murray Mouth, leading to South Lagoon inflows to the North
Lagoon (Geddes, 2005). The natural drop in water levels during late Summer and Autumn,
combined with tidal fluctuations, expose extensive areas of mudflats that are prime wader
bird habitat. However, if the mouth and associated channels are constricted, barrage releases
are likely to lead to water levels rising within the estuary. When this occurs in conjunction
with winds persisting from the north-west for extended periods, most of the mudflats become
inundated to the point where shorebirds cannot access them (Paton, 2002).
Water level changes in the Coorong are not fully understood. There is conflicting evidence
about how and why water level changes occur and the impacts of unseasonal changes in water
levels on the ecology of the Icon Site.
The Ngarrindjeri have stated that the health of the Coorong has been severely degraded
through the introduction of barrages, the effects of irrigation and the draining of the upper
south east (NRWG, 1998, Phillips and Muller, 2006).

3.3 KEY THREATS
3.3.1 CHANGE IN HYDROLOGICAL REGIME
Regulation of the River Murray

Water extractions and river regulation have reduced the total volume of water available to the
river and Coorong Estuary, and have significantly altered the natural pattern of remaining
flows. These changes have resulted in a substantial decline in the health of the River Murray
(AWE, 2003). The degree of hydrological change relative to natural condition can be
statistically summarised:
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years with annual flows less than 5,000GL occurred 7% of the time under natural
conditions, but now occur 66% of the time under regulated conditions;
medium-sized flood events (20,000 – 80,000 ML/day) have had a threefold reduction
in frequency and their duration has also decreased;
the flow regime in this part of the river is the most modified in the Basin, relative to
its natural state;
at the barrages, the median annual outflow from the Murray system to the sea is now
27% of the natural outflow; and
the Murray Mouth now ceases to flow on average once every two years, compared to
before regulation when this occurred once every 20 years (MDBC, 2004c).

The distribution of median natural flows under natural and current conditions over the
barrages is shown in Figure 3.5. For eight months of the year (November–June), median
monthly flows are less than the minimum median monthly flow in any month under natural
conditions. The seasonality is similar, but currently quite truncated (MDBC, 2004c). More
ideal hydrographs are proposed in Section 4.3, based on ecological targets objectives and
targets identified for the Icon Site.
Figure 3.5 Median monthly flows over the barrages under natural and current
conditions

Source: MDBC 2004c
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Management of the Lower Lakes

The operation of the barrages has significantly changed the hydrological regime of the Lower
Lakes. Lake levels are now more elevated and static than under natural conditions.
The target lake level is 0.75 m AHD but this varies between 0.6 m and 0.85 m annually. The
lake level is surcharged to 0.85 m in early Spring to allow for evaporation losses during
Summer. When the lake level exceeds 0.83 m, freshwater spillage may occur near the
barrages. The lake level must be maintained above 0.6 m to enable flood irrigation in the
Lower Murray Reclaimed Irrigation Areas below Lock 1.
Figure 3.6 illustrates the change in water levels under natural and current conditions, showing
that the lake is now maintained at a constant level for almost 60% of the time. The average
lake level of 0.75 m AHD is also shown. The difference in water level is effectively an
amount of water that can be utilized for barrage releases and/or other management actions.
The barrages have created an abrupt fresh-saline interface. The typically high biodiversity
associated with gradients of salinity in estuarine environments has been lost, and most of the
present flora and fauna in the lakes is characteristic of a freshwater environment. However,
variations in salinity in the Lower Lakes can occur, especially during drought periods. This is
a result of saline groundwater inflows and evaporation from the lakes (Lamontagne, et al.,
2004).
Maintaining elevated lake levels has affected the geomorphology of the lakes, including:
• prograded shorelines in sheltered areas;
• accelerated shoreline erosion in exposed localities;
• accelerated rates of sedimentation in the lakes; and
• changes in the character of the sediments deposited.
This has implications for littoral plant and wildlife communities, infrastructure damage,
turbidity and nutrient levels in the lakes.
Figure 3.6 Comparing daily water levels (in Lake Alexandrina) at Milang under natural
and current conditions
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3.3.2 MURRAY MOUTH CONGESTION
Since river regulation, flows have been insufficient to counteract the incoming tidal flow and
have resulted in congestion of the channels inside the estuary. It has allowed coarse marine
sands to be pushed into the estuary, smothering productive mudflats, the source of food for
wader birds. Sand ingress also reduces the areas of habitat suitable for aquatic plants that
grow in the channels and the North Lagoon, affecting the abundance of both aquatic
invertebrates and fish. These cumulative impacts have a negative effect on the entire food
chain (Paton, 1997). Furthermore, congestion of the mouth has a negative spiritual effect on
the Ngarrindjeri as the mouth is the ‘meeting of the waters’, a spiritually significant event for
the Ngarrindjeri (Bell, 1998:563; Hemming et al., 2002).
The Murray Mouth closed in 1981, the only occasion since non-Indigenous settlement, and
only dredging has enabled it to stay open since then. While a build-up of sand inside the
Murray Mouth and reduced tidal flows is not a new phenomenon, the current situation is set
apart by the duration and degree of sand build-up, which is greater than ever previously
reported (DWLBC, 2002).
Reduced tidal variation

According to models of an unrestricted mouth and channels, regular tidal changes in water
level at Goolwa Barrage are typically around 0.5 m or more within the estuary. Under current
restricted conditions, the tidal flux is reduced to the point where it varies by approximately
0.2 m (Paton, 2002). Reduced tidal variation limits the extent to which mudflats in the
Coorong are tidally exposed and inundated, which is a crucial natural process for maintaining
the ecology of the area.
3.3.3 WATER QUALITY
Salinity and cyanobacteria are the biggest water quality issues in the lower River Murray
because they degrade the water quality to a point where it negatively impacts on the Lower
Lakes and Coorong ecosystems, as well as water supply for irrigation and domestic supply.
The two main factors affecting water quality at the site are the quality of the water arriving
from upstream (source water) and density stratification (Brookes, 2002).
Salinity

Salinity in the Coorong is influenced by seawater entering the Murray Mouth, evaporation
and freshwater inflows (Brookes, 2002). With prolonged low flows, siltation of the estuary
and a poor exchange of water between the Murray Mouth and Coorong, salinities may rise
beyond the tolerance levels of many flora and fauna species in the Coorong. For example,
most of the invertebrate fauna in the Coorong can only tolerate salinities of up to about
86,000 EC (about 1.5 times seawater). At higher salinities, estuarine fauna is replaced by salt
water species, affecting other fauna that depend on them for food such as wader birds and
fish. The period of low flows leading up to barrage outflows in 2003 saw salinity levels reach
about 140,000 EC across the Coorong, a high level even for many salt-tolerant species
(MDBC, 2004c).
Salinities in the Murray Mouth and Coorong over the Summer of 2002/3 became marine and
hypersaline. By late June 2003, salinities had fallen after inflows of seawater through the
Murray Mouth: salinities at Mark Point were near seawater and further south, inflowing
seawater was overlaying denser, bottom saline waters (Geddes, 2003). Such salinities were
above the tolerance of many species—monitoring failed to find a high biodiversity of typical
Coorong species.
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Stratification and cyanobacteria

Closure or restriction of the Murray Mouth can result in stratification; a physical condition
that can lead to many hazards including blooms of toxic cyanobacteria, anoxia in the deepest
water layer and nutrient release from sediment. Cyanobacteria not only presents a toxic threat
to wildlife but also has implications for the entire food chain as it affects the sustainable
biomass of higher order organisms (Brookes, 2002).
While there is potential for thermal stratification to occur (particularly during calm, warm
weather and when flow is restricted), the risk is low due to the influence of wind, which can
destabilise this hazard (Brookes, 2002). However, monitoring of the barrage outflow in 2003
(Geddes, 2005) found that stratification occurred at most monitoring sites during April 2004,
driven by dense, highly saline water from the South Lagoon moving northwards along the
bottom of the lagoons.
3.3.4 CLIMATE CHANGE
Australia will face some degree of climate change over the next 30 to 50 years. The scale of
that change and the way it will be manifested in different regions is less certain but climate
models can illustrate potential effects. CSIRO has applied a number of climate models to the
Murray-Darling Basin and identified the following outcomes:
• a decline in average rainfall of up to 30% by 2030;
• warming in Spring and Summer of between 0.2oC and 1.4 oC by 2030;
• up to a 20% reduction in run-off is expected in the Murray-Darling Basin by 2030.
River Murray flow volumes are likely to decrease and result in an increase in salinity
in the river;
• sea level is rising at a rate of approximately 1.5 mm/year. A rise in sea level may be
accompanied by a rise in the minimum-maximum water level range that the Lower
Lakes and Coorong experience. This will have implications for shorelines, mudflats
and islands and the species that inhabit them;
• as the barrages are comprised of both man-made and natural sections (Sir Richard
Peninsula, Ewe, Tauwitchere and Mundoo Islands), the natural sections may all be
eroded and permanently inundated by even a modest water level rise;
• storms may be more frequent and intense resulting in temporary breaks in
Younghusband Peninsula and an increase in sand drift into the Coorong; and
• tide and wave attack at the mouth may increase, resulting in more scouring of the
opening, or alternatively, the increased inflow may bring more sand into the mouth.
Overall the effect of climate change on the region is likely to be a negative one with increased
erosion, sand deposition, sea water ingress into the lakes and loss of habitat for flora and
fauna.
Limited knowledge

While a range of agencies and groups are undertaking research, monitoring and modelling to
improve our knowledge about the various processes and ecological components of the Icon
Site, there is a lot we do not know about the Lower Lakes, Coorong and Murray Mouth.
We have limited information about the historical ecological condition of the site and how
human activity has changed it over time. Studies currently underway by DWLBC, DEH and
the SA MDB NRM Board, such as historical coring of Coorong sediment and the collation of
historical records on the nature of the Lower Lakes, are addressing some of these knowledge
gaps.
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This lack of information is hampering efforts to maintain the ecological condition of the Icon
Site. However, we can only manage the site with the best available information and adapt our
approach as more knowledge is gained.
Some examples of knowledge gaps are:
• recorded pre-European ecological condition and the role of Ngarrindjeri in managing
the ecology;
• water balance of the Lower Lakes and Coorong (groundwater inputs, evaporation
losses, local tributary inputs);
• influence of wind-driven hydrodynamic processes;
• Ruppia distribution, abundance and seed bank presence in the North and South
lagoons of the Coorong;
• quantification of flows over the barrages and volumes required to maintain a healthy
Coorong system;
• conditions required for fish spawning such as attractant flows and seasonal
influences;
• biological information about a variety of species, for example fish and submerged
aquatic vegetation; and
• impacts of climate change on local hydrological processes.
Significant knowledge is held by the Ngarrindjeri and in historical records of European
settlement (such as Sim and Muller 2004) that could provide insights to the historical
condition of the Icon Site and help inform current management decisions. Recent involvement
of the Ngarrindjeri developing management plans for the Icon Site (including this Icon Site
Plan) has highlighted numerous reports and research that record Ngarrindjeri knowledge of
the Icon Site. This knowledge needs to be incorporated into this plan as it becomes available.
Further impacts

Should current threats persist, the ecological character of the Lower Lakes, Coorong and
Murray Mouth will continue to decline, resulting in chronic, cumulative and/or secondary
impacts, including:
• ongoing episodes of congestion/closure at the Murray Mouth;
• increasingly high salinity, particularly in the South Lagoon;
• general decline in the ecological value of the site, including loss of ecologically
valuable species (such as fish listed under the Environmental Protection and
Biodiversity Conservation Act – ie. Yarra Pygmy Perch and Murray Hardyhead)
• loss of commercially valuable fish species;
• economic ramifications such as loss of agricultural productivity, tourism and local
business;
• adverse impacts on a range of recreational uses, particularly fishing, boating and bird
watching;
• loss of cultural and social values and associations with the area;
• impact on the cultural practices and cultural economy of the Ngarrindjeri; and
• contravention of our obligations under JAMBA, CAMBA and the Ramsar
Convention.
3.3.5 OTHER IMPACTS
Recreation and people

Impacts associated with recreational use have the potential to degrade the quality of habitats
for flora and fauna as well as other users of the Icon Site. Such impacts include:
• illegal disposal of waste;
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destruction of vegetation through the establishment of illegal camping sites and
access tracks, firewood collection, indiscriminate boat mooring in natural areas and
acts of vandalism;
destruction and desecration of Ngarrindjeri significant sites;
proliferation of vehicle and motorbike tracks;
uncontrolled pets, which may harm or kill flora and fauna;
disturbance to colonial nesting water birds from boating; and
lake edge erosion and sedimentation from wave wash resulting from boating
activities.

While many impacts are clearly visible, low level and cumulative impacts can also cause
significant environmental damage over time due to the nature of the recreational activity and
the environmental conditions of the Lower Lakes and Coorong.
Land management

Other threats to the Icon Site are closely related to land management and include:
• grazing pressures (erosion, trampling of vegetation);
• introduced pests (flora and fauna);
• irrigation (over-extraction of water); and
• pollution (nutrients and pesticides entering the Icon Site from run-off).
These threats not only have direct impacts on the ecology of the Icon Site by degrading
habitat, but also have secondary impacts (for example, highly saline groundwater returning to
the lakes from irrigation).
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4. ECOLOGICAL OBJECTIVES AND TARGETS
4.1 LIVING MURRAY OBJECTIVES
The Living Murray First Step decision sets out a number of objectives for each of the six Icon Sites.
The overall objective for the Lower Lakes, Coorong and Murray Mouth Icon Site is:
A healthier Lower Lakes and Coorong estuarine environment.
This objective contains three sub-objectives. These have been refined during development of the Icon
Site plan to more fully describe desired outcomes for the Icon Site.
• an open Murray Mouth;
• more frequent estuarine fish spawning and recruitment 1 ;and
• enhanced migratory wader bird habitat in the Lower Lakes and Coorong 2 .

4.2 INTERIM TARGETS
To achieve the Living Murray objectives, a range
of targets have been developed that are specific to
particular ecosystem components and processes.
These targets have been reviewed since last year
and refined to reflect learnings from 2005/06
barrage releases. These targets will continue to be
reviewed and refined as major knowledge gaps are
identified and filled.
The targets, outlined in Table 4.1, describe the
ecological requirements for a number of species at
the site. The structure of the target description is
described in the adjacent box. The targets are
divided into two geographical areas – the Coorong
and the Lower Lakes, with the Coorong further
subdivided into its Estuary, North Lagoon and
South Lagoon components.

Explanation of interim targets
Objective The Living Murray objective under which the
targets have been developed and are grouped
Target A series of measurable targets for meeting
objectives
Rationale Describes the rationale used to set the target
and place it within a given flow band
Management Actions What actions need to be taken to
achieve target
Constraints The physical and ecological constraints on
achieving the targets
Depth, timing, duration and frequency. Description of the
flow required to meet the target:
Depth: the water depth required (in metres, m)
Timing: the time of year in which the water is required
(which months)
Duration: the required length of time that flow needs to
occur
Frequency: how often the water is required
Complementary Action Other actions required to meet the
target. For example: dredging of the Murray Mouth,
operation of upstream weirs or riparian land management
actions.

The targets presented here are based on the
expertise of members of the Icon Site
Environmental Flows Working Group, scientific
reports and studies and limited monitoring data.
The water regime and timing of flows required to
achieve some of the targets may conflict with each other or with provision of water to consumptive
use, and therefore priorities will need to be assessed and trade-offs made.

1

This objective was expanded to encapsulate the longer-term maintenance of fish populations in the Lower
Lakes and Coorong.
2
The Coorong needs to be included in this objective, as it is the key area of bird habitat within the Icon Site. The
Lower Lakes previously supported a greater range and number of waders and water birds, but changed Lower
Lake operation (reducing water level variability and tidal inundation of the mudflats) has greatly decreased the
available habitat for these birds.
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4.3 FLOW REQUIREMENTS FOR THE ICON SITE
As can be seen from Table 4.1, different targets need different flow regimes to be achieved. Many
targets cannot be achieved at or near entitlement flows and need additional flows and infrastructure
manipulation to be achieved.
The current hydrograph for the Lower Lakes (Figure 4.1) is different to that required to achieve most
ecological targets. Surcharging of the lakes currently begins in September to ensure supply for
irrigation, evaporative losses and other uses during the Summer months. This water regime does not
provide the water level variability required for the ecology of the lakes and does not deliver water to
the Coorong in the most beneficial way.
Figure 4.1 Current hydrograph for the Lower Lakes
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Flow preference curves have been developed for a range of ecological components and processes that
relate to achieving the targets below. For example, water levels in the Coorong need to increase from
January until the end of Spring for successful recruitment of the keystone species (Ruppia spp.) and
replenishment of the organic carbon and sediments for the mudflats. Water levels then need to subside
over Summer to allow the mudflats to be exposed and provide foraging areas for wader birds.
Estuarine fish also have specific flow needs requiring, as a group, flows to commence prior to the new
moon in August and continue until at least February for spawning.
Setting a single desired hydrograph for the lakes and hence for releases to the Coorong was not seen
as appropriate because a) different ecological components have different requirements and b) water
scarcity at the Icon Site will dictate a need to achieve only a subset of ecological outcomes in any one
flow season. Also, there will be wetter and drier years and thus different hydrographs will be
achievable in different years. Development of a target hydrograph for any given year will thus need to
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consider the watering history of the site and results from previous flow events as well as the
ecological targets.
Therefore, the range of ecological targets is achieved with a variety of hydrographs not just an
‘average’ hydrograph which may not satisfy certain species requirements if delivered year after year.
An ‘ecological envelope’ approach is proposed in which interannual and seasonal variability for
ecological benefits can be incorporated into decision making as well as other social, economic and
cultural considerations.
Figure 4.2: The proposed ‘ecological envelope’ (indicated by dashed lines) for achieving The
Living Murray targets for the site is shown as changes in lake level and approximate
volumes discharged to the Coorong.
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The ‘ecological envelope’ is based on the water regime requirements for a variety of ecological
components and processes. It shows upper and lower lake level ‘limits’ that vary across the year
(dashed blue and purple lines). The aim is to stay within the ‘ecological envelope’ at all times and to
be able to create variable hydrographs within this envelope in different flow years. Managing lake
levels within the ‘ecological envelope’ will allow lake levels to vary as shown on the right hand
vertical axis providing major ecological benefits over a static water regime and will provide flows to
the Coorong and estuary as shown on the left hand vertical axis. This shows that some flows can be
provided to the Coorong in relatively dry years as long as there is enough water provided to the site to
achieve releases somewhere within the ‘ecological envelope’. The variety of hydrographs needed to
achieve specific ecological benefits within this envelope are currently being modelled to assist
decision-making.
The ‘ecological envelope’ and the underlying hydrographs and flow preference curves inform the
Barrage Operating Strategy for the Icon Site (see Section 5.2, Barrage releases and Appendix K) and
will be used to develop Barrage Operating Principles.
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Table 4.1 Interim targets for achieving the Living Murray ecological objectives

Objective
A healthier
Lower
Lakes and
Coorong
estuarine
environment

Target

Description/context

Physical/chemical water regime

Action

Complementary
actions

Coorong – North
Lagoon
Enhance Ruppia
megacarpa
colonisation and
reproduction.

From the annual low tide level to one
metre below the annual minimum low
tide mark. Aim for 50% cover.
Map of expected R. megacarpa
distribution to be provided.

Depth: annual tide level
Timing: Barrage flow to occur SeptFeb
Frequency: Every year
Duration: minimum 3 months/ 90
days
Salinity: to remain estuarine and not
exceed 80,000 EC. Salinity to remain
below 55,000 EC between Sept and
Feb each year.

Barrage
operation

Murray Mouth
dredging

Coorong – South
Lagoon
Enhance Ruppia
tuberosa colonisation
and reproduction.

Maintain water levels in South Lagoon
for R. tuberosa. Aim for 50% cover.
Map of expected R. tuberosa
distribution to be provided.

Depth: Between 0.3 and 0.8 m
Timing: Barrage and USED flows to
occur Sept – Dec
Frequency: Every year
Duration: minimum 3 months/ 90
days
Salinity: not to exceed 80 –100,000
EC at any time. (Note: Knowledge
gap, need to verify salinity tolerance
for Ruppia tuberosa)

Barrage
operation

Murray Mouth
dredging

Coorong – North
Lagoon and Estuary
Maintain and increase
benthic diversity in the
estuarine – lagoonal
invertebrate
populations in the
North Lagoon.

Provide salinity ranges in the North
Lagoon to maintain and enhance
populations of invertebrate indicators:
1. Bivalve: Arthritica helmsi.
2. Polychaete: Capitella capitata,
Nepthys australiensis and
Simplisetia aequisetis.

Depth: Maintain maximum tidal ratio.
Timing: Barrage flow to occur Sept –
Feb
Frequency: Every year
Duration: minimum 3 months/ 90
days
Salinity: to remain estuarine and not
exceed 80,000 EC

Barrage
operation

Murray Mouth
dredging
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Objective

Target

Physical/chemical water regime

Coorong – South
Lagoon
Establish viable
invertebrate
populations in the
South Lagoon.

Provide suitable salinity ranges in the
South Lagoon to provide conditions
suitable for:
1. Polychaetes: Capitella
capitata (entire South Lagoon)
and Ficopomastus
enigmaticus (northern section
of South Lagoon only – eg
Parnka Pt to Woods Well)
2. Chironomid larvae.

Depth: Maintain water level between
0.1 m and -0.2 m
Timing: Barrage flow to occur Sept –
Feb
Frequency: Every year
Duration: minimum 3 months/ 90
days
Salinity: 50 – 100,000 EC

Barrage
operation

Lake Alexandrina
and Albert
Maintain aquatic and
floodplain vegetation

Enhance diversity in submerged and
emergent freshwater plant
communities. Provide suitable lake
level regime to maintain and stimulate
vegetation growth and vigour for plant
assemblages including:
1. Melaleuca halmaturorum stands
with or without Gahnia filum.
2. Myriophyllum sp and other
submerged aquatics
3. Samphire at lake edge
4. Semi-aquatics: Schoenoplectus sp,
Typha domingensis, Pragmites
australis

Depth: Vary lake level between 0.6
and 0.7 m
Timing: Late Spring - Summer
Frequency: Every second year
Duration: minimum 2 months/ 60
days. Water level fall does not exceed
2 cm a day for 30 days.
Salinity: N/A

Barrage
operation

Management of
upstream
storages, erosion
control, flow from
EMLR
tributaries**

Lake Alexandrina
and Albert
Maintain and enhance
habitat for native fish

Provide suitable lake levels to expand
potential habitats and maintain core
habitats for the Yarra Pygmy Perch,
Murray Hardyhead and Southern
Pygmy Perch.

Depth: Maintain maximum lake levels
over Winter up to 0.81 m and allow
some inundation of channel habitat.
Allow variation in lake level between
0.6 m and 0.7 m during Spring and
Summer. (Note: Core areas will need
to be maintained during lowering–

Barrage
operation

Management of
upstream
storages, stock
control, riparian
management,
alien species
control (carp),

Lower Lakes, Coorong and Murray Mouth Icon Site Environmental Management Plan 2006-07

45

Action

Complementary
actions

Description/context

Salt Creek
release
Murray Mouth
dredging

Objective

Target

Description/context

Physical/chemical water regime

Action

data analysis and map to be
provided.)
Timing: Winter - Spring
Frequency: Every year
Duration: Jul - Oct
Salinity: <2,000 EC

An open
Murray
Mouth

Complementary
actions
flow from EMLR
tributaries**

Murray Mouth
Estuary and Coorong
establish and maintain
variable salinity
regime with >30% of
area below sea water
salinity concentrations

Provide estuarine conditions for at
least 30% of the Coorong
environment, including the Murray
Mouth estuary and parts of both the
North and South Lagoons to support
estuarine ecosystem components and
processes particularly Ruppia spp.
and hardyhead fishes. Maintain
estuarine conditions
(<55,000 EC) between Goolwa
barrage and Pelican Point (25% of
original estuary) at all times. Extend
estuarine conditions into North and
South Lagoons whenever River
Murray and/or USED flow volumes
permit between Sept and Dec.

Depth: tidal variation
Timing: freshwater inflows from
barrages and USED to occur SeptFeb, Connection to sea via open
Murray Mouth at all times
Frequency: Every year
Duration: estuarine conditions in
Murray Mouth and parts of North and
South Lagoon 100% of the time
(>30% of total area), salinities below
55,000 EC in another 30% of area in
Winter-Spring
Salinity: Goolwa barrage to Pelican
Point less than 55,000 EC at all times
(represents c. 25% of area)
North Lagoon: <55,000 to 80,000 EC
South Lagoon: 30,000 to 100,000 EC
NB: current salinities greatly exceed
these targets in the North and South
Lagoons.

Barrage
operation

USED inflows
Dredging Murray
Mouth

The Murray Mouth
open 100% of the time
through fresh water
outflows with
adequate tidal
variations to meet the
needs of the Coorong

Maintain estuarine conditions between
Goolwa barrage and Pelican Point at
all times with river flows. Maintain
sufficient connectivity between the
Southern Ocean and Coorong through
an open mouth to transfer a long-term
average diurnal tide ratio (DTR) of 0.5

Timing: Barrage outflow to occur all
year round
Volume: minimum 2,000 ML/d
Salinity: unknown

Barrage
operation

Dredging if DTR
drops to 0.3 at
Goolwa barrage
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Objective

Enhanced
migratory
wader bird
habitat in
the Lower
Lakes and
Coorong

Target

Description/context

ecosystem.

at Goolwa and 0.2 at Tauwitchere.
This will result in:
• maintenance of the tidal prism
• improved connectivity
between the Coorong and
Murray Mouth
• regular inundation of the
mudflats to enhance wader
habitat
• freshening flows over the
barrages that reduce salinity
in the Coorong channel
• provision of nutrients and
particulates to the Coorong.
• provision of river-borne
diatoms to off-shore cockle
communities

Coorong North
Lagoon, South
Lagoon and Estuary.
Maintain the 1%
flyway population level
for: Sharp-tailed
Sandpiper (Calidris
acuminata), Curlew
Sandpiper (Calidris
ferruginea), Rednecked Stint (Calidris
ruficollis), Sanderling
(Calidris alba),
Common Greenshank
(Tringa nebularia) and
Banded Stilt

Wader numbers provide a guide in
detecting changes in alternative
ecosystem states and smaller
localised fluctuations. Utilising mudflat
and invertebrate targets with the
selected wader indicators allows for a
comprehensive and complete
monitoring framework.

Physical/chemical water regime

Depth: Manipulate lake level to 0.6 m
Spring and Summer.
Timing: Spring - Summer
Frequency: Every second year
Duration: 60 days, 2 months
Salinity: N/A

The six target species are regularly
recorded in numbers exceeding the
1% level and therefore qualify under
Criterion 6 for Ramsar sites. These
species need to be monitored annually
to assess performance against target.
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Action

Barrage
operation

Complementary
actions

Management of
upstream
storages

Objective

Target

Description/context

Physical/chemical water regime

Action

Complementary
actions

(Cladorhynchus
leucoceohalus)

Note:.Criterion 6: (A wetland should be
considered internationally important if
it regularly supports 1% of the
individuals in a population of one
species or subspecies of waterbird)

Lake Alexandrina
and Albert
Expose mud flats
during Summer
around lake edge.

Provide mud flat habitat for migratory
waders around the lake edge.
Map of priority areas to be provided.

Depth: Manipulate lake level to 0.6m
Spring and Summer.
Timing: Spring - Summer
Frequency: Every second year
Duration: 60 days, 2 months
Salinity: N/A

Barrage
operation

Management of
upstream
storages

Coorong
North Lagoon
Maximise mud flat
exposure during
Summer.

Provide mud flat in North Lagoon for
migratory waders by maintaining
maximum tidal ratio.

Depth: No greater than 0.3 - 0.5 m
Timing: Nov - Feb
Frequency: Every year
Duration: minimum 3 months/ 90
days
Salinity: to remain estuarine and not
exceed 80,000 EC.

Barrage
operation

Barrage
operation
Murray Mouth
dredging

Coorong
South Lagoon
Maximise mud flat
exposure during
Summer.

Provide mud flat in the South Lagoon
for migratory waders by maintaining
water levels.

Depth: Maintain between 0.1 m and
0.2 m
Timing: November - February
Frequency: Every year
Duration: minimum 3 months/ 90
days
Salinity: 80 – 100,000 EC

Barrage
operation

Murray Mouth
dredging
Salt Creek
releases

Coorong
North Lagoon
Maintain sediment
size range in mud

Maintain sediment size between
250um and 63um (Medium sand to
mud)

Depth: 0.4 m to 0.9 m
Timing: Aug – Oct
Frequency: Every year
Duration: minimum 3 months/ 90

Barrage
operation

Murray Mouth
dredging
Also use Mundoo
and Boundary

Map of priority areas to be provided.

Map of priority areas to be provided.
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Objective

Target

Description/context

flats.
Map of priority areas
to be provided.

More
frequent
estuarine
fish
spawning
and
recruitment

Physical/chemical water regime

Action

days
Salinity: to remain estuarine and not
exceed 80,000 EC.

Complementary
actions
Creek barrages
to transport
sediment to
estuary.

Coorong
North and South
Lagoon
Establish and
maintain organic
content for mud flats
(Map of priority areas
to be provided.)

Establish and maintain organic content
in mudflats with total organic contents
between
3.0 - 9.0 in mud (<63 um)
2.0 - 4.0 in fine sand (125 um)
0.59 - 4.0 in medium sand (250 um)
(0.1 = low, 10 = high organic content)
(Note: Figures need to be confirmed
by recent mud flat research)

Depth: 0.4m to 0.9m
Timing: Oct - Dec
Frequency: Every year
Duration: minimum 3 months/ 90
days
Salinity: North Lagoon: to remain
estuarine and not exceed 80,000 EC.
South Lagoon: 50 – 100,000 EC

Barrage
operation

Murray Mouth
dredging
Also use Mundoo
and Boundary
Creek barrages
to transport
sediment to
estuary.

Successful spawning
and recruitment of
black bream
(Acanthopagrus
butcheri) and
Greenback Flounder
(Rhombosolea
tapirina).
Other species such as
sprats (family
Clupeidae), congolli
(Pseudaphritis urvillii),
gobies (family
Gobidae) and Smallmouthed Hardyheads
(Atherinosoma
microstoma) will most
likely also benefit.

Maximise estuarine area available –
salinities below 35,000 EC
Maximise the duration of estuarine
conditions
Successful spawning of black bream &
greenback flounder maximised by
providing flows that mimic natural
ones at appropriate spawning times
Maximise recruitment of estuarine
fishes by maintaining suitable and
stable estuarine conditions through
maintenance flows
Critical during period of low flow

Depth: N/A
Timing: Delivered between August
and January. Natural recession of
flows to mimic un-regulated
conditions
Frequency: every second year
minimally, preferably every year
Duration: estimated to be longer than
3 months at this stage. Possibility
that bream spawn on receding flows
rather than during peak flows.
Salinity: salinities in Coorong (parts
of North Lagoon & ‘estuary’) below
35,000 EC. Do not vary by more than
7,500 EC over a 7 day period*

Monitor:
Adult gonad
condition in
Black Bream
and Greenback
Flounder
Presence and
relative
abundance of
young of year
Black Bream
and Greenback
Flounder

Barrage
operation and
release of
freshwater to
create a stable
salinity regime in
the Coorong
Estuary
Fisheries
Management
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Objective

Description/context

Physical/chemical water regime

Improved connectivity
between the Lower
Lakes and Coorong
to facilitate required
fish passage between
freshwater and
estuarine habitats that
provides for the
improved spawning
and recruitment
success of
diadromous fish
species such as
Congolli
(Pseudaphritis urvillii)
and Common
Galaxias (Galaxias
maculatus)

Facilitating movement of euryhaline
spp. (Black Bream, Small-mouthed
Hardyheads & Mulloway), freshwater
stragglers (carp & golden perch) and
diadromous spp. (Common Galaxias &
congolli) between freshwater and
marine environment of the Coorong
Critical during period of low flow

Depth: Lake level sufficient for
effective fishway operation (>0.65 m
AHD)
Timing: Delivered between July and
January (depending on species as
short finned eels and lampreys extend
this period further)
Frequency: each year, except when
flows are high (> 50 gates open)
during this period.
Duration: Post high periods, flow to
fishways will need to be maintained
for 30 days in order to allow
freshwater stragglers to return to
lakes. Fishway sampling will refine
this figure in the future
Magnitude: requirement for fish
passages plus attractant flows
Salinity: for all species except
Congolli, it is believed that a salinity
gradient is required to allow for
acclimatisation. Length of gradient
unknown

Adult gonad
condition in
Congolli and
Common
Galaxias
Presence and
relative
abundance of
young of year
Congolli and
Common
Galaxias

Barrage
operation such
that fishways are
operating

Improved connectivity
between the Coorong
and the sea to
facilitate required fish
passage between
habitats for juvenile
and adult life-history
stages of diadromous

Diadromous species such as lampreys
and eels require access to open ocean
to complete their lifecycle, while
species such as juvenile Mulloway and
Yellow-eye Mullet are believed to
benefit from the sheltered estuarine
conditions of the Coorong. Thus an
open mouth will enable free passage

Depth: Lake level for effective
fishway operation (>0.65 m AHD),
mouth and connecting channels
greater than 1m deep
Timing: All year round
Frequency: every year
Duration: Flow required for

Presence of
lampreys and
eels in fishway
monitoring
samples
Presence of
young of year
Mulloway in the

Barrage
operation such
that sufficient
channels exist at
the Murray Mouth
and fishways are
operating
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Action

Complementary
actions

Target

Objective

Target

Description/context

Physical/chemical water regime

Action

Complementary
actions

fish species such as
lampreys (ie Mordacia
mordax) and eels
(Anguilla australis) or
estuarine dependent
species such as
Mulloway
(Argrosyomus
japonicus)

between open the open sea and the
sheltered estuary of the Coorong for
these populations improving fisheries
production (increased survivorship,
increased growth rate etc).

maintenance of the mouth
Salinity: N/A
Security: maximum

Coorong

Management of flows
to the South Lagoon
to provide conditions
for growth and
spawning of Smallmouth Hardyhead
(Atherinosoma
microstoma)

Small-mouthed Hardyhead are
thought to form an important part of
the ecology of the Coorong, providing
an important food resource for
piscivorous fish and birds.
Their survival and increased
production in the South Lagoon of the
Coorong are expected to improve the
productivity of the region, while their
ability to withstand a range of salinities
makes them suited to abrupt changes
due to releases from the USEDS

Depth: N/A
Timing: All year round
Frequency: each year
Duration: Flow required for
maintenance of the mouth
Salinity: <50ppt*
Security: maximum

Relative
abundance of
Small-mouth
Hardyhead
Distribution of
Small-mouth
Hardyhead in
the Coorong
lagoons

Barrage
operation such
that sufficient
freshwater mixes
and reaches the
southern region
of the Coorong

Management of flows
to the Southern
Ocean to provide
diatoms for off-shore
cockle communities

Cockles, although a marine species,
are dependent on the provision of
diatoms carried out to sea by River
Murray outflows in order to grow.
Spawning is linked to oceanic
upwellings as well as to river outflows
therefore in years with good river
outflows two spawning events may
occur. In recent years, spawning has
only occurred on upwellings and there

Depth: N/A
Timing: Aug to Feb
Frequency: each year
Duration: to be determined
Salinity: N/A

Barrage
releases

Dredging of
Murray Mouth to
allow river
outflows
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Objective

Target

Description/context

Physical/chemical water regime

Action

Depth: elevated Lower Lake levels at
Mundoo barrage to 0.85 m AHD (max
lake level).
Rate: recession rate sufficient to
allow movement of small bodied
species from preferred habitats
Timing: Delivered between June and
September
Frequency: each year for small
bodied species
Salinity: <5,000 EC*
Security

Presence and
relative
abundance of
young of year
Murray
Hardyhead and
Pygmy Perch
Presence and
relative
abundance of
adult Murray
Hardyhead and
Pygmy Perch
at sites with
baseline
information

Complementary
actions

has not been enough diatoms
delivered with river outflows to have
allowed this recruits to grow. E.coli
contamination of cockles is minimised
by only releasing from Mundoo
Channel barrage (considered major E.
coli source) after 31st of May when
cockle harvesting season ends.
Improved spawning
and recruitment
success in the Lower
Lakes for endangered
fish species including
Murray hardyheads
(Craterocephalus
stercusmuscarum
fulvus) and Pygmy
Perch (Nannoperca
sp.)

Allow spawning of Pygmy Perch or
Murray Hardyheads through spilling of
freshwater onto riparian and low lying
habitat on Hindmarsh, Mundoo and
other islands of southern Lower Lakes
Critical during period of low flow

Manipulation of
lake levels to
inundate suitable
lake edge and
low lying habitat

* Targets specific to the Lock 1 – Wellington reach will be developed in consultation with the community and included in a future version of the plan.
** Flows from the EMLR tributaries are critical in maintaining local habitats and could be improved through upcoming water allocation planning.
*** Some of these habitats are under threat from proposals to fill in irrigation channels and move pump sheds closer to the lakeshore
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4.4 CONCEPTUAL MODELS FOR MANAGING SPECIES
Conceptual models have been developed to enable a better understanding of the potential impacts of a
range of management actions on groups of species. Models have been developed for Ruppia,
invertebrates, submerged aquatic vegetation, wading birds and mudflat habitat, and fish spawning and
recruitment.
As is the case for the conceptual models of the Coorong and Lower Lakes (see Section 3.1), the
models show the links between the drivers, levers and ecology of the system, and are closely aligned
to the targets outlined in Table 4.1.
Each of the conceptual models has a similar layout, with various components described below:
• freshwater inputs (such as River Murray flows);
• various parameters associated with this input (turbidity, temperature, dissolved oxygen,
nutrients and salinity);
• the water level in either the Coorong or the Lower Lakes, which is directly influenced by
freshwater inputs;
• various physical processes, such as the degree of mouth opening, which is influenced by
winds and tides and, in turn, influences water levels in the Coorong and Lower Lakes;
• life stages of plant and animal species, one or more of which are directly affected by the
parameters associated with freshwater inputs; and
• other conceptual models, showing how the health of one species affects others (for example,
Ruppia is a vital food source for wading birds).

4.5 FLOW REQUIREMENTS FOR THE ICON SITE
Based on the water regime required for a variety of ecological benefits, hydrographs have been
developed that show current water levels compared with ‘ideal’ water levels for the Lower Lakes, and
the North and South Lagoon of the Coorong. These hydrographs also illustrate periods of flow and the
timing of these flows that are important for various species. The hydrographs inform the Barrage
Operating Strategy for the Icon Site.
Lower Lakes

The current hydrograph in the Lower Lakes is different to that required to achieve the ecological
targets. For example, surcharging of the lakes currently begins in September to ensure supply for
irrigation, evaporative losses and other uses during the Summer months. This water regime does not
provide the water level variability required for the ecology of the lakes.
Fringing vegetation provides bank stability and habitat for a range of species. Maintenance of fringing
vegetation for habitat requires gradual water level variation, with higher water levels during Winter.
To achieve bank stability (and thus reduce erosion and lake sedimentation), water level variability is
highly desirable.
Coorong

Currently, congestion at the Murray Mouth has reduced the tidal signature, preventing an exchange of
water between the sea and the Coorong. This congestion also keeps water levels unnaturally high in
the lagoons: water is unable to flow back out through the mouth during the period when mudflat
exposure is critical, reducing the area available for foraging waders. It is important to maintain a
channel from the Coorong to the Murray Mouth to ensure suitable water level variability in both
lagoons.
The North Lagoon
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Water levels need to increase from January until the end of Spring (for Ruppia species to reproduce
successfully and to provide adequate organic content of the mudflats) and subside by Summer for
mudflats to be exposed, providing foraging habitat for waders.
The South Lagoon
Water level variations are required over Spring and early Summer for Ruppia species to reproduce
successfully and to provide suitable organic content of the mudflats, and in Summer for mudflat
exposure to occur, providing foraging habitat for waders.
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5. ACHIEVING THE TARGETS
5.1 DELIVERING WATER TO THE ICON SITE
To regulate the river system, River Murray Water
operates four major storages, sixteen weirs, five
barrages and numerous smaller structures. There are
some opportunities to change the way in which
water is released and transferred from such storages
to benefit all South Australia’s Icon Sites 3 (See
summary in Table 5.1).
The storage with most potential for enhancing flows
is Lake Victoria, but there is also potential to use
other storages further upstream and use/modify
locks and weirs along the system. The River Murray
Channel Icon Site Environmental Management Plan
will address these options in more detail. They have
been included here to outline how they will affect,
and benefit, the Icon Site.
5.1.1 RELEASES FROM LAKE VICTORIA AND
MENINDEE LAKES
Releases from Lake Victoria and Menindee Lakes
could be used to enhance the flow peak and/or
extend flows in the system to enhance ecological
benefit at the Icon Site. Storing water and then
releasing it at a more appropriate time is an option
that could be ecologically beneficial to the Lower
Lakes, Coorong and Murray Mouth, and more
directly, the Chowilla floodplain. This option may
involve changes to the timing and delivery of South
Australia’s entitlement flow. It also has implications
for the management of upstream storages, such as
Dartmouth Reservoir, which may need to be used to
refill Lake Victoria. Issues associated with acquiring
storage in Lake Victoria (such as lake erosion and
the type of water stored – that is, above entitlement
flow) would need to be addressed.
Options to utilise releases from Lake Victoria to
benefit Icon Sites in South Australia depend on a
range of factors including the type of flow event,
prevailing weather conditions, water storage and
supply needs, and future forecast flows in the
catchment.

3

Benefiting multiple Icon Sites
Due to the geography of the Murray-Darling Basin, it is
essential to coordinate and enhance flow events so
that they benefit multiple Icon Sites across the system.
For example, in South Australia, water released for
ecological benefit on the Chowilla floodplain may also
benefit the River Murray Channel as well as the Lower
Lakes, Coorong and Murray Mouth.
Trade-offs will be needed to determine the most
ecologically beneficial options for using available
water, considering a range of variables including the
time of year, the length of time since each Icon Site
received water and potential benefits for an Icon Site
from particular volumes. For example, under low flows
when Chowilla may have received adequate water in
previous years and is in relatively good health, the
best option may be to allow water to pass through the
floodplain in the river channel and not use it for
floodplain watering.
Two major considerations in such decisions would be
the volume of water that returns to the river from
Chowilla after a watering event, as well as losses in
the system along the River Murray Channel, and the
salinity of the water that returns to the river after
inundation of the Chowilla floodplain. Such information
about flows and salinities returning to the main river
channel from an Icon Site is limited and is a major
area requiring further research.
Flows of various volumes can be used to inundate the
Chowilla floodplain but this action is currently limited
by salinity impacts – that is, if salinity impacts of
outgoing water are too great, water is likely to be
passed through Chowilla. However, if a weir is
installed on Chowilla Creek, options regarding the
volumes of water that can be utilised at the Icon Site
become more flexible.
DWLBC has initiated some investigations to address
the issue of the salinity and volume of water that
returns to the river from Chowilla, as well as the
volumes of water that a weir on Chowilla Creek will
use. This information will be useful to manage flows for
ecological benefits at Chowilla, and to determine
tradeoffs between benefits at South Australian Icon
Sites.
The Living Murray Environmental Watering Plan
outlines the process for allocating water between the
Icon Sites and the potential benefits of flow delivery at
multiple Icon Sites. The process of trade-offs between
Icon Sites will be further explored in future versions of
the Icon Site plans.

There are two other Icon Sites in South Australia – Chowilla Floodplain and the River Murray Channel.
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Current status

Operation of Lake Victoria has recently changed to provide more opportunities to drawdown the lake
and provide an enhanced drying cycle for vegetation, with negligible impacts on water resources,
water quality and downstream environmental outcomes (MDBC, 2002). This has involved changing
the rules from operating at capacity for more than 50% of the time, to keeping the lake full for as short
a period as possible.
Limitations

The major issue associated with releases from Lake Victoria is the channel capacity. Using Lake
Victoria to enhance a flow peak is a feasible option, but is limited to the capacity of the lake’s outlet
channel (9,000–10,000 ML/day when full). While Lake Victoria can be used to enhance flood peaks
in the river, this extra amount of water is not large relative to the amount of water that will eventually
reach the Lower Lakes and Coorong. However, weir pools downstream can be used to enhance the
flow peak. This is further explained below. The timing of releases from Lake Victoria can also be
altered for ecological benefit.
There are downstream infrastructure and legal issues currently limiting the potential for Menindee
Lakes to boost flows into Lake Victoria.
Infrastructure along the river in South Australia is at some risk if a flood above 70,000 ML/day is
augmented by flows from Lake Victoria. Managing risks associated with management options is
addressed in Section 5.4.
Longer-term actions/investigations

Investigations into the way water is released from Lake Victoria are required to determine potential
operational changes to benefit South Australia’s Icon Sites. This would inform negotiations with
upstream states about changes to the Murray-Darling Basin Agreement to alter the delivery of South
Australia’s entitlement flow. Part of these negotiations may involve creation of an environmental
water account, where South Australia reaches an agreement to store water in Lake Victoria to enhance
peak flows or to deliver flows throughout the year at more ecologically appropriate times.
Feasibility studies are being undertaken by the MDBC to investigate options for improved flexibility
in the operation and outlet capacity of Lake Victoria and Menindee Lakes.
5.1.2 OPERATION AND MODIFICATION OF LOCKS AND WEIRS
The Murray River is a highly regulated system. Originally constructed to aid navigation, today the
locks and weirs are particularly important for ensuring a secure water supply for water diverters. In
South Australia, water is delivered via the main river channel using locks and weirs numbered six to
one.
Manipulation of weir pools can provide the operational flexibility to artificially enhance river levels
by raising weir levels to create pool or flow retention. Alternatively, weir pool manipulation can be
used to lower weir levels to reinstate a natural drying phase to wetlands/creeks that have been
artificially inundated for long periods as a result of flow regulation.
Current status

The level of a weir pool can be artificially manipulated to deliver environmental benefits, provided
that the appropriate timing and duration of the flow event are accurately determined. The DWLBC has
undertaken an assessment of the capacities of structures in South Australia (Locks 1-6) to withstand
raising of weir pools. This showed that the potential is limited within existing structures and that the
benefits of increased or decreased pool levels are quite small.
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A Lock 5 Flow Enhancement Trial in October 2000 investigated the benefits and impacts of raising
Lock 5 by 50 cm above the normal operating level during an enhanced peak flow in the River Murray
(DWLBC, 2002b). The trial used water from Lake Victoria (9,700 ML/day) to enhance a peak flow in
the River Murray of 32,000 ML/day, while simultaneously raising the Lock 5 weir pool by 500 mm
above normal operating level as the water was rising. The trial showed the potential to use weirs to
raise pool levels and provide inundation of the floodplain.
The MDBC and South Australian Weir Pool Manipulation projects are assessing the capacity to raise
and lower water levels by manipulating weirs throughout the Murray-Darling Basin based on current
load capacities, costs and options associated with structural adjustment of weirs. Once this assessment
is completed, and the required structural modifications have been identified and undertaken, there will
be greater flexibility to investigate operating the weirs for greater ecological benefit to the Lower
Lakes, Coorong and Murray Mouth Icon Site.
There have been no weir-lowering trials undertaken in South Australia. However, a natural drought in
2002 provided a unique opportunity to monitor the impacts of a drawdown. The results of the
monitoring studies undertaken during this drought have been published in the DWLBC report ‘River
Murray Monitoring Report Below Lock 1 2002-2004’.
Limitations

The capacity of weir pools is extremely limited in terms of storage, and therefore the potential to
enhance flows is limited. An assessment would need to be undertaken to determine the implications of
lowering weir pools in upstream river reaches. In addition, the capacity to structurally modify weirs
may be limited, thus reducing the potential for flow enhancement.
Longer-term actions/investigations

Investigations are needed to determine whether weirs can be used to store water along the river
channel to supplement the Lower Lakes. Weir pools could provide a limited option to address the risk
of pre-releasing water over the barrages. This option could be viewed as a ‘risk management’
operating policy to ensure lake levels are maintained if changes to the volume of predicted flows
occur. This would need to be closely managed in partnership with the South Australian Weir Pool
Manipulation Strategy (under development).
In particular, the capacity of Lock 1 for manipulation needs to be determined because of its influence
on the Icon Site; releases over Lock 1, in conjunction with barrage releases, control water levels in the
Lower Lakes (see Section 5.2).
5.1.3 EASTERN MOUNT LOFTY RANGES INFLOWS
The tributaries of the Eastern Mount Lofty Ranges
provide significant inflows of high quality water into the
Lower Lakes. While larger flows from these tributaries
are intermittent, small quantities of baseflow are
provided from groundwater inputs.
Local inflows to the Lower Lakes can provide the
opportunity for barrage releases. Water from these
tributaries usually enters the lakes during Winter, when
it has the greatest impact on lake levels.

Other inflows
While the River Murray is the main source of
inflows to the Icon Site, other inflows can be
used to help achieve ecological outcomes.
These include:

•

the Eastern Mount Lofty Ranges
(EMLR)

•

the Upper South East Drainage
(USED) Scheme.
The relative contribution of the various
sources of water entering the Icon Site varies
interannually and is primarily affected by
seasonal factors.

Current status

There is little scope to ‘utilise’ this water supply before it reaches the lakes. Tributaries need these
flows to sustain their own ecology. It is difficult to predict when this water will be available to the
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lakes because of the natural variability in rainfall. The SA Murray-Darling Basin Natural Resources
Management Board is determining environmental water requirements of Eastern Mount Lofty Ranges
watercourses as part of the review of the Water Allocation Process. This includes setting ‘end of
valley’ targets for each of the EMLR tributaries. This information will enable the watercourses to be
better managed to benefit their ecology and will feed into future versions of the Lower Lakes,
Coorong and Murray Mouth Icon Site Environmental Management Plan (ISEMP).
5.1.4 UPPER SOUTH EAST DRAINAGE SCHEME INFLOWS
In 1996, the Commonwealth Government approved funding for the Upper South East Dryland
Salinity and Flood Management program (USEDS & FMP). Upper South East inflows during extreme
rainfall seasons may have the potential to decrease the salinity condition of the South Lagoon to
below hypersaline (35,000 mg/L). Therefore, approval was subject to several conditions, including a
release limit of 40,000 ML/year on a ten-year rolling average, until environmental monitoring
warranted an alteration to this release protocol. Monitoring has been conducted, and with the
continuing rise of the salinity in the South Lagoon this limit is currently under review.
The USEDS & FM program has been releasing water into the South Lagoon at Salt Creek since
August 2000. Inflows to date have been in the order of 5 GL–10 GL per year at around half the
salinity of seawater (seawater = 35,000 mg/L). Salinities in the South Lagoon since 1997 have ranged
from approximately 2–6 times seawater around Salt Creek to 1–4 times seawater around Parnka Point.
This is not a healthy condition for the South Lagoon, and therefore freshening could provide
ecological benefit. At this stage, given that current USE release volumes are relatively small, benefits
are likely to be minor and short lived.
Current status

Potential changes to the Coorong associated with Upper South East releases are currently assessed by
ecological and water quality monitoring conducted by DWLBC, EPA and DEH. An assessment of the
effect of the USE releases (monitoring data: August 2000–April 2005) on the baseline water quality
conditions (baseline 1981–2000) of the Coorong concluded that the salinity of the Coorong since
2000 is over 20% more saline than the twenty year period beforehand (Everingham et. al., 2005). To
date, only very small and temporary reductions in salinity have been recorded during the USE release
period (DWLBC, 2004). The results indicate that the release creates a small estuary outside the Salt
Creek mouth where salinity levels are reduced. However this effect diminishes rapidly. The release
water has a lower turbidity level and higher pH than the Coorong with no measured stratification
(Everingham, et. al., 2005).
In 2005, the USEDS & FMP investigated the historical water quality of the Coorong using diatoma
analysis with the University of Adelaide. The investigation focused on assessing the pre and post
European settlement salinity to ascertain whether the current hypersaline conditions in the southern
Coorong are indicative of the past. One of the major outcomes of the research was that ‘1 800 years
before present to the beginning of European settlement the southern lagoon ranged between 5,000
mg/L to 35,000 mg/L’ (Gell & Haynes, 2005). This research will assist the development of
appropriate release protocols in conjunction with the ISEMP and Ramsar Management Plan.
While baseflow volumes from the Upper South East continue to be low, the release protocol will
continue the same as previous years and limited changes are anticipated in 2006-07. As new drains are
connected to the existing system and larger volumes of drainage water are generated, there will be
opportunities to trial different methods of release to maximise ecological outcomes.
Triggers to release inflows from the Upper South East currently consider three important factors: the
need to release surface and drainage water stored in Morella Basin; the desire to mimic 'natural' Salt
Creek flow events; and optimising the ecology and habitat value of the Coorong and Morella Basin.
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Currently, Upper South East releases to the Coorong attempt to mimic 'natural' flow events. The
release starts in Spring/Summer when it is believed historically that the Upper South East wetlands
would fill and spill during Winter, and only have the capacity to spill over into Salt Creek at the very
end of the rainy season. The USEDS & FM Program's Environment Management Advisory Group
and Program Board review the proposed timeframe for the release protocol each year before
commencement. The trigger to close the regulator is determined by the wetting and drying
requirements of Morella Basin. The regulator is currently closed around April, when the Basin is dry,
to enhance habitat quality and biodiversity in the Morella Basin.
Longer-term actions/investigations

The effect of Upper South East inflows on the Coorong needs to be investigated further to determine
whether this water could contribute to reducing salinity and achieving target salinity for the South
Lagoon. Further research will continue with the University of Adelaide to use alternative historical
water quality indicators to strengthen the diatomic analysis results. Water quality and ecological
monitoring will continue. Funding is also being sought within the Environmental Works and
Measures Program to allow a study of other options for the diversion of fresh water from the coastal
catchments of the Upper South East.
Table 5.1. Summary of management options relating to delivery of water to South Australia
and local inflows

Option
Lake Victoria
Enhance flow peak using
Lake Victoria
Alter delivery of SA’s
entitlement flow
Investigate
environmental storage
capacity in Lake Victoria
Locks and weirs
Investigate use of weirs
as risk mitigation for
barrages ‘pre-release’

Benefits

Risks

Enhancement of flows (timing, duration,
peak) for ecological benefit at all SA
Icon Sites
Achieve hydrograph in BOS

Flooding of infrastructure
and property
Potential risks to irrigation
Erosion of Lake Victoria
Risks to method of operation
outlined in Lake Victoria
Operating Strategy

Reduce risk in Lower Lakes of prerelease

Inadequate volume to
mitigate risk
Risks to structural capacity
Saline groundwater ingress
(Continued over page)
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Table 5.1. Summary of management options relating to delivery of water to South Australia
and local inflows

Option
EMLR inflows
Release from barrages
Manipulate lake levels
Extend barrage releases

Benefits

Risks

Improved ecological outcomes through
enhanced management actions (ie. lake
level manipulation and barrage releases)
Extension of barrage releases for benefit
of Coorong and Murray Mouth

Inflows may exceed desired
lake levels
Barrage releases may be
required at times to prevent
high lake levels

Enhanced lake level raising for benefit
of fringing vegetation and endangered
fish habitat
USE inflows
Freshen South Lagoon if
deemed to be beneficial

Benefits for lagoon ecology
Reduced salinity
Potential mimic of natural water levels
Benefits to drainage system and
agricultural land of releasing water
Flood mitigation

Change ecological character
of the South Lagoon
Risks to health of Morella
Basin

5.1.5 ENVIRONMENTAL WATER ALLOCATIONS
The Lower Lakes and Coorong rely on South Australia’s entitlement flow and above entitlement flow
events to receive water. However, there are some water allocations for the environment that are
relevant to the Icon Site.
The Water Allocation Plan (WAP) for the River Murray Prescribed Watercourse (RMCWMB, 2002)
allocates 200 GL of water to maintain wetland health along the River Murray in South Australia. This
volume is the assumed volume required to maintain permanent wetlands and is part of South
Australia’s entitlement flow. If wetlands meet DWLBC criteria, they can receive an environmental
water licence. Wetland licences are temporary and can be either for emergency watering (up to 12
months) or long term (valid until the WAP is reviewed − 30 June 2007).
To obtain a wetland water licence, one criteria that must be met is the completion of a baseline
survey. Wetlands fringing the Lower Lakes that have had a baseline survey include Hindmarsh Island
Estuary, Loveday Bay, Milang Shores, Narrung, Point Sturt, Poltalloch and Teringie.
Tolderol Swamp, adjacent to Lake Alexandrina, is the only wetland relevant to the Icon Site that has a
formal wetland licence (1.3 GL). The water is part of an environmental water licence held by the
South Australian Minister for the River Murray. This licence is in addition to the 200 GL and can be
used at the Minister’s discretion. While this volume has potential to be used within the Icon Site, for
purposes such as watering of wetlands and the use of fish passage, it is in high demand along the
River in South Australia.
Barrage Fishways
SA Water made a 5 GL water donation in early 2006 for the continued operation of the fishways
when the water level in Lake Alexandrina fell below 0.76 m AHD. In addition, 900 ML from South
Australia’s 6.3 GL River Red Gum Rescue allocation from the Snowy River above target water was
also used.
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During the period 7 February 2006 to 22 March 2006, the following water was used:
•
•
•

Goolwa barrage vertical slot: 1,514 ML
Tauwitchere barrage vertical slot: 755 ML
Tauwitchere barrage rock ramp: 61 ML

Total water use from the environmental allocation was approximately 2,330 ML.
Approximately 660 GL has flowed over the barrages since 22 July 2005.

Weir Pool Manipulation
In response to a small increase in flow to South Australia, a number of weir pools were raised
beginning 19 September 2005 and ending mid December. A peak flow of 15,000 ML/day was
received in November 2005, the highest flow since April 2001. The water ‘stored’ within the weir
pools contributed to the fishway releases.

5.2 MANAGING WATER WITHIN THE ICON SITE
There are two main levers or tools to manage the water regime at the Icon Site:
• barrage releases (which influence lake levels); and
• Lock 1 releases.
Releases over the barrages and Lock 1 are the main contributors to the Lower Lakes water level. For
ease of description of potential management options, barrage releases and lake level manipulation
have been described separately. Figure 3.1 explains the relationship between the ecological objectives,
the ecological processes operating at the site, and the levers available to achieve the objectives.
Inflows should be used, where possible, to provide ecological benefit within the Coorong, Lower
Lakes and Murray Mouth Icon Site. Depending on the situation, it may be possible to enhance a peak
flow and prolong a barrage release, or perhaps to lower lake levels prior to the commencement of the
irrigation season.
In this plan, above entitlement flows (AEF) (surplus flows) have not been separated from entitlement
flow to the Icon Site because all flow will be managed using the options outlined in this section. The
Environmental Watering Group and Living Murray Environmental Watering Plan will address the
management of surplus flows.
The Living Murray Environmental Watering Plan (LMEWP) provides a management framework for
application of environmental water across the River Murray system for achieving ecological
objectives at the six Icon Sites under the Murray-Darling Basin (MDB) Ministerial Council’s The
Living Murray (TLM) First Step decision.
The Living Murray Business Plan states that the purpose of the LMEWP (Clause 99) is to:
‘ … apply available water in a way that enhances ecological outcomes across the six
significant ecological Icon Sites (Icon Sites), protects existing high value areas or areas in
good condition and realises the greatest environmental benefit from the water’.
In doing this, the LMEWP will coordinate the volume, timing, security and application of water
required to meet the ecological objectives of The Living Murray First Step decision. The specific
requirements of the LMEWP are outlined in Annex E of the Business Plan.
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5.2.1 BARRAGE RELEASES
Barrage Operating Strategy
The Barrage Operating Strategy (BOS) forms the
operational basis for providing ecological benefits at
the Icon Site through the provision and manipulation of
flows. The BOS comprises a set of rules and
guidelines by which to regulate flow through the
barrages. It proposes a changed approach to the
current ‘fill and spill’ rule, to result in improved
ecological conditions and to meet the needs of the
economic, social and cultural values of the system.
When flows over the South Australian border are
forecast, a decision must be made about flow
management through the barrages: generally, water
should be released over the barrages to allow lake
levels to drop until the flow peak arrives, and then the
peak is used to refill the lakes to their preferred level.
However, the proposed BOS is based on the
probability of flows, rather than actual flows, enabling
water within the Icon Site to be managed over a longer
th
time period. It adopts the 90 percentile dry inflow
scenario as a reliable basis for barrage operations:
forecast flow volumes, or greater, will occur nine years
out of ten.
The proposed approach involves releasing water over
the barrages from lower lake levels (when forecast
levels are known) from a maximum of 0.75 m (current
hydrograph) rather than the surcharge level of 0.85 m.
The difference between the two hydrographs is
effectively a volume of water that can be used to
release over the barrages and provide ecological
benefits. If the lakes are managed appropriately, and
seasonal conditions remain suitable, surcharging the
lakes to cope with demand from water users will not be
necessary. This approach will provide greater flexibility
for managing barrage releases and lake levels and is
consistent with the preferred management option of
extending barrage releases for as long as possible.
The existing strategy is contained in Appendix K. It will
be further developed and a more comprehensive
version will be included in future editions of the Icon
Site plan.

Barrage releases are a key management tool in
assisting to keep the Murray Mouth open and
partially control the water level in the Lower
Lakes. In conjunction with sand dredging at the
Murray Mouth, releases can establish
connectivity and tidal variation in the Coorong
and permit fresh, oxygenated water to enter the
Coorong. Lake levels can be manipulated using
barrage releases to provide a more ‘natural’
water level variation. This has benefits for wader
bird habitat and fringing wetland ecology in the
Lower Lakes but may have adverse impacts on
human activities such as water extraction for
irrigation and domestic use, tourism and boating
access.
Barrage operation can also help mitigate high
salinity events in Lake Alexandrina and Lake
Albert. Lowering lake levels causes saline water
to flow out of Lake Albert. Morphological
modelling of barrage outflows shows that
salinity can be reduced in the Goolwa, Mundoo
and Coorong channels (WBM, 2004b).
Currently, the operating rule for the Lower
Lakes is ‘fill and spill’, where water is released
through the barrages once the lake levels reach
0.85 m, and in the past there has been little
ecological consideration built into this operation.
However, the most ecologically appropriate way
of releasing water involves extending a release
for as long as possible, when it is known that a
flow of a particular volume upstream is forecast.
It is likely to involve reducing a flow peak to
allow releases to extend for a longer period.
Releases should begin from a level of 0.75 m,
rather than surcharge level.

Barrage releases would need to be closely linked to an appropriate lake level, and together they can be
used to provide benefits across the whole system.
Past Actions

Barrage releases for ecological benefit
In September 2003, 200 GL of water was released from Goolwa and Tauwitchere barrages for the first
time in 23 months. This was more than double the previous longest period without flow over the
barrages. Prior to the release, research suggested that a lack of connectivity was resulting in
detrimental impacts on the ecology of the Coorong such as increased salinity, stagnation, increased
temperature and lower dissolved oxygen levels (MDBC, 2004c).
This event was unique because it marked one of the few occasions that barrages were operated to
manipulate flow specifically to achieve ecological outcomes for this site. Management of the event
involved river operators, natural resource managers and researchers from SARDI (MDBC, 2004c).
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Results from monitoring of this event (Geddes, 2005) included the following benefits:
• the outflow freshened the Murray Mouth area, mixing with waters in the North Lagoon;
• estuarine conditions were re-established for a short time;
• nutrients and phytoplankton were temporarily provided to the North Lagoon; and
• Black Bream fish larvae were collected, suggesting that the flow may have caused spawning.
Benefits from the release were promising but short-lived, due to the nature of the release. However, it
provided a learning opportunity and knowledge to incorporate into future releases, and illustrated the
potential for providing ecological benefit using freshwater flows. A further small release of around 50
GL was made in August 2004 from Goolwa and Tauwitchere barrages. The results of monitoring
around this release will be compared with those from the 2003 release.
Barrage releases for sand removal
The Murray Mouth Morphological Model has shown that:
• in conjunction with dredging, barrage flows of a minimum volume of 2,000 ML/day can
maintain a relatively open Murray Mouth by preventing sand ingress;
• ‘scouring’ of sand from the mouth did not occur with large volumes; and
• to manage the mouth and maintain connectivity with the Coorong, the emphasis of
management actions should focus on preventing sand from entering the mouth, rather than
attempting to remove it once it had built up inside.
More detailed results relating to sand removal can be found in Appendix K.
Fish passage trials
SARDI Inland Waters conducted a fish trapping trial below the rock ramp fishway at Tauwitchere
barrage during the small outflow event in August 2004. Fyke nets were set to assess the fish
assemblage attracted to the entrance of the fishway, attempting to move upstream. Thirteen fish
species were sampled during the short outflow period including Congolli, Short-headed Lamprey,
Common Galaxias, Yellow-eye Mullet, Small-mouthed Hardyhead, Bony Bream, Australian Smelt,
Flathead Gudgeon, carp, gold fish, Redfin Perch, and a number of gobies (Ye, 2004).
The two fish passages at Tauwitchere barrage were also trialed in mid-December 2004 and January
2005 using 1.2 GL of water.
Monitoring by SARDI/ARI provided preliminary data on the number and species of fish using the fish
passages to move from the Coorong into the Lower Lakes. The information gained to date has
improved the knowledge of fisheries scientists and managers regarding the response of native and
exotic fish to low volume, freshwater releases from the Lower Lakes into the Coorong during
Summer, revealing that fish attempted to migrate between the Coorong and the Lower Lakes during
this period. Data gathered from the sampling programs will allow a first critical assessment of the fish
passage function and provide recommendations to improve future facilities at the barrages (Stuart et
al., 2005).

Current status

Direct rainfall over the Lower Lakes and streamflow contributions from the Eastern Mount Lofty
Ranges resulted in the rapid filling of the lakes from 0.56 m AHD (10/6/05) to 0.83 m AHD (22/7/05).
This was equal to approximately 216 GL.
South Australia received an additional 450 GL of flow between September and December 2005 as the
result of rainfall in Victoria and part of the Barmah-Millewa Forest Environmental Allocation.
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Murray Mouth Dredging
Dredging and a small volume of river flow maintained the condition of the mouth with the best tidal
signal in the Coorong for over 3 years. A tidal range of 44 mm was achieved. Since the inception of
the dredging program in 2002, dredging expenditure has reached nearly $19 million and 3.8 million
cubic metres of sand has been dredged.
Barrage and fishway releases
A pre-release through the Tauwitchere vertical slot and rock ramp fishways began on 22 July 2005
followed by a refilling of the lakes to 0.85 m AHD on 1 August 2005. Water was released through
Tauwitchere, Ewe Island, Boundary Creek, Goolwa and Mundoo Island barrages as well as the
fishways. The intention was to release water for as long as possible in order to re-establish extended
local estuarine conditions and to reduce salinity levels.
The volume of water discharged through the barrages and fishways was over 660 GL. This was the
most significant release in the last 4 years. Before the releases commenced on 22 July 2005, the
barrage gates had been closed for 284 days.
Table 5.2. Approximate barrage discharge volumes

Year

Flow to SA (GL)

Approximate release (GL)

2000-01
2001-02
2002-03
2003-04
2004-05
2005-06

6,530
2,280
1,837
2,070
1,880
2,310 (modelled)

4,800
500
0
100
100
660

Monitoring

Fishway monitoring
The release of water through the barrages and fishways provided an opportunity to monitor fish
populations, movement and recruitment. Monitoring assessed the species using the fishways and the
timing of fish movement and the following observations were made:

•
•
•
•
•
•

different species moved at different times and the majority of species moving were small bodied;
callop and carp moved upstream;
galaxids and small numbers of Congolli and Sandy Sprat used the vertical slot;
estuarine species (Mulloway and Black Bream) were feeding on other species rather than moving
upstream;
newly spawned Congolli used the rock ramp; and
Sandy Sprat congregated downstream of the fishways.

Other monitoring

Monitoring was undertaken by Mike Geddes in response to the Boundary Creek barrage release.
Samples were taken in August, September and November 2005. Figure 5.3 shows the sampling
locations where fish and water quality data were collected. A summary is provided in Table 5.3. The
species assemblage in Mundoo Channel consists of marine and estuarine species, particularly Smallmouthed Hardyhead (Atherinosoma microstoma), Yellow-eye Mullet (Aldrichetta forsteri) and Tamar
River Goby (Favonigobius tamarensis). Greater species diversity was recorded at Boundary Creek
with freshwater species, more gobies and higher numbers of galaxias and Greenback Flounder
(Rhombosolea tapirina) attracted to the freshwater flow.
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Table 5.3. Summary of fish species at Boundary Creek and Mundoo Channel

BC 1

BC 5

BC 6

Mundoo

Scientific

fyke

fyke

fyke

fyke

Philypnodon grandiceps
Philypnodon sp.

103
7

40
2

41
2

-

Hypseleotris sp.

1

-

-

-

Southern Pygmy
Perch

Nannoperca australis

12

1

1

-

Yarra Pygmy Perch
Murray Hardyhead

Nannoperca obscura
Craterocephalus
fluviatilis

3

1

2

-

1

-

1

-

C. stercusmuscarum
fulvus
Retropinna semoni

1

-

-

-

126

1

8

-

Atherinosoma
microstoma
Favonigobius
tamarensis
Tasmanogobius lasti
Pseudogobius olorum
Arenigobius bifrenatus
Aldrichetta forsteri
Galaxias maculatus
Rhombosolea tapirina

102

85

228

683

11

96

25

114

33
14
127
-

7
1
12
1

1
6
1
7
21
71

2
7
1375
12

Arripis Georgiana
Hyperlophus vittatus

128

-

31

3
10
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Common name
Freshwater
Flathead Gudgeon
Dwarf Flathead
Gudgeon
Murray-Darling
Carp Gudgeon

Unspecked
Hardyhead
Australian Smelt
Estuarine
Small-mouthed
Hardyhead
Tamar River Goby
Lagoon Goby
Blue spot Goby
Bridled Goby
Yellow-eye Mullet
Common Galaxias
Greenback Flounder
Marine
Tommy Rough
Sandy Sprat

The Department for Environment and Heritage in conjunction with Flinders University established a
monitoring program for the 2005 and 2006 barrage release. This monitoring program aimed to:
• determine the flow requirements to create a salinity gradient along Boundary Creek and over
Ewe Island mudflats;
• evaluate the response of invertebrate populations within mudflats; andstimulate germination
of Lignum shrubland along Boundary Creek.
Boundary Creek

Boundary Creek is located between Mundoo Island and Ewe Island and provides a connection
between Lake Alexandrina and the Coorong. Six monitoring sites were established along the length of
the creek. (See Figure 5.3)
Salinity

Water chemistry parameters were collected from six monitoring sites during eight sampling events
between 25th August 2005 and the 27th of October 2005. The results indicate that an immediate
freshening effect occurred within a 24-hour period with two gates open. This reduction in salinity was
maintained until the 27th of October when all the gates were closed and one log was left off. This
essentially maintained a trickle flow over the barrage gate. This trickle flow was enough to maintain
a salinity gradient for the entire 4 km reach, with 2 kms maintaining salinity below 10.00 Ms/cm,
(brackish range). The remaining 2 kms remained below seawater salinity (64.0 Ms/cm).
The 1 m tide showed little influence on Boundary Creek on the 1st of September. The salinity readings
indicate that the tide did not penetrate past the mouth of Boundary Creek, presumably due to the
influence of the freshwater flow from the barrage. The 0.91 m tide on the 14th October indicated from
salinity readings that some estuarine water was able to be pushed up Boundary Creek, however its
influence was likely to be less than 200 m. (Refer to Figure 5.3).
Lignum (Muehlenbeckia florulenta)

One of the aims of the environmental flow through Boundary Creek was to stimulate the germination
of Lignum growing along the banks. A target area was chosen along one of the reaches approximately
2 km from the barrage. At this site 95% of the Lignum in this reach was showing signs of stress.
There has not been a freshwater release through Boundary Creek for 7 years, and there was concern
that if this continued the Lignum communities’ long term health would be compromised.
Photo-point monitoring commenced on the 28th August 2005 in conjunction with water chemistry
sampling. Monitoring concluded on the 14th October 2005. Within this 36-day period the entire
Lignum community responded to the environmental flow with approximately a 60-70% vegetative
germination response. The salinity during this period did not go above the 10.00 Ms/cm range,
essentially maintaining a brackish system within this reach of Boundary Creek.
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Figure 5.1.

Boundary Creek Salinity Gradient
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Ewe Island Barrage Salinity Monitoring
Ewe Island

Ewe Island barrage is located between Ewe Island and Tauwitchere Island; the mudflats are located
between Ewe Island barrage and the northeastern shoreline of Ewe Island. (Refer to Figure 5.4 for
locations).
Salinity monitoring occurred between the 18th of August 2005 and the 27th of October 2005. Seven
monitoring sites were established, three in the channel, three adjacent to the barrage and one over the
northeastern mudflats.
Salinities over the northeastern mudflats between the 18th August and the 1st of September generally
maintained a range between 30.00 Ms/cm and 20.00 Ms/cm, (sea water is 64.0 Ms/cm). The number
of gates open in this period started at two (18th August) and increased to six gates (1st September).
On the 9th September, nine gates were opened which resulted in a decrease in salinities to below 20.00
Ms/cm, with a low of 10.00 Ms/cm on the 20th September. The salinity quickly increased to 50.00
Ms/cm on the 27th October when all gates where closed.
The channel salinity adjacent to Ewe Island barrage behaved remarkably different from the salinity
readings over the mudflats. This is expected due to the effects of tidal pulses, wind and Tauwitchere
Island barrage releases.
Indications are that nine gates are required to substantially affect in-channel salinities recorded at sites
6, 5 and 1. Between the 18th of August and the 1st September there was little indication of a reduction
in salinities in the main channel. It was not until the 9th of September and the 20th September that a
change was recorded in the channel salinities. These recordings coincided with nine gates being
opened.
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Figure 5.2. Ewe Island Salinity Averages
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Macrobenthos monitoring – Boundary Creek, Ewe Island mudflats and Mundoo Channel
control site

Monitoring of mudflat invertebrate population response to freshwater flows occurred between the 19th
August and the 3rd April 2006. Sampling occurred at Boundary Creek adjacent to the Coorong
Lagoon and Boundary Creek mouth, (Figure 5.3), Ewe Island mudflat monitoring site (Figure 5.4),
and Mundoo Channel monitoring site (Figure 5. 3).
Samples were taken prior to the opening of the barrages, and following their closure, with samples
taken straight after the closure, 1, 2 and 4 weeks later. The site at Mundoo Channel was a control site
and an additional sample was taken about 6 months later in early April 2006.
Macrobenthos samples were taken using a corer of 19.63 cm² surface area, inserted to ~10 cm
sediment depth. The mudflats were not exposed on most sampling occasions and samples taken in
knee-deep water. Samples were transported to Flinders University, where they were sieved and sorted
for macroinvertebrates. Parameters assessed include taxonomic composition (species level for all taxa
except for amphipods), and abundances.
Several environmental characteristics were assessed as well. In the field, water temperature, salinity,
conductivity, oxygen content and saturation were recorded in shallow water adjacent to the sampling
sites. Three replicate sediment samples were taken for the analysis of grain size distribution and
sediment organic matter (determined by combustion). In addition, water samples were taken and
frozen for potential nutrient analyses.
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Some general conclusions made by Dittmann 2006, from the macrobenthos analyses so far include:
•

a total of 18 taxa were differentiated throughout this study, seven of them being polychaete
species;

•

at the Ewe Island and Boundary Creek site, species numbers and composition after the water
release were slightly lower compared to the samples taken prior to it;

•

insects and insect larvae were recorded at these estuarine sites following the water release,
whereas they were previously mostly found in the Coorong and lake monitoring sites
established in 2004. Both the changed environmental conditions from the water release as
well as season can have contributed to this pattern;

•

abundances of benthic macrofauna varied between the three sites. They are two to three times
lower in the mudflats at Boundary Creek than at Ewe Island and Mundoo channel;

•

polychaetes and crustacean (amphipods) accounted for most of the benthic macrofauna,
whereas oligochaetes and molluscs were less numerous. Insects occurred, especially after the
water release, but their numbers were low. Molluscs were rare at Boundary Creek and absent
after the water release;

•

macrofauna responded to reduced salinities on a species-specific level. Several taxa occurred
in higher abundances after the release, whereas others occurred in lower numbers and
remained at low abundances for several weeks. This included the polychaetes Capitella sp.
and Simplisetia aequisetis at the Ewe Island site. Temporal fluctuation of other taxa appeared
irrespective of the water release;

•

at Ewe Island, abundances were as high at the time of barrage closure as before their opening.
However, following the closure of the barrages, abundances of polychaetes decreased and
remained low over time. This decline is not mirrored by the polychaete abundances at the
control site (Mundoo), and therefore likely related to the water release;

•

amphipod abundances increased slightly following the water release. They were nearly absent
from the Ewe Island and Mundoo barrage site in April 2006. Whether that is still related to
the water release or other causes, such as predation pressure by waders, is unknown; and

•

at Boundary Creek, abundances were lower immediately after the water release, but increased
again over time.

Observations for Adaptive Management

•

The nutrient load of the released water should be of concern, and signs of eutrophication are
obvious near the Murray Mouth. Most of the sediments are covered by mats of macroalgae,
which prevent oxygen exchange between sediment and water column and further contribute to
prevailing anoxic conditions in the sediment with the microbial decomposition following their
decay. A dominance of Capitella spp. in the benthic communities indicates such
eutrophication worldwide, and is the case in the Murray Mouth (Dittmann, 2006).

•

Prolonged periods of freshwater flow are known to be detrimental to estuarine organisms.
While such a major release can assist to restore opening of the Murray Mouth and increase
tidal flushing, it can change benthic community compositions in the estuary, (Dittmann,
2006).

•

Future water releases from Boundary Creek and Ewe Island are important for fish migration,
vegetation health and mudflat ecology. Releases need to be slow, prolonged and in small
volumes. Sudden large flushing events (eg. Boundary Creek) should be avoided.
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•

Boundary Creek may require between one log and one gate open to initiate ecological
responses for Lignum communities and to maintain estuarine conditions near the Coorong
lagoon in a series of low flow years.

•

The mudflats near Ewe Island may only require two or three gates open to facilitate estuarine
mixing over the mudflats. Results from monitoring suggest that nine gates reduce the
salinities dramatically and may have a negative effect on estuarine mudflat fauna in a series of
low flow years.

•

It must be noted that this monitoring was undertaken in low flow conditions within a highly
stressed ecological system. Results cannot be used to draw conclusions in years with above
flow entitlement or in high flow periods.

•

Estuarine areas are dynamic systems and flow releases should mimic ecological responses. A
balance between the requirements of lake management and ecological health is critical in low
flow years.
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Figure 5.3.

Boundary Creek monitoring sites
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Figure 5.4.

Ewe Island monitoring sites
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Limitations

Wind is a significant factor in determining how effective a barrage release can be at achieving
ecological benefits. For example, flows released from Tauwitchere Barrage to reduce salinities in the
Coorong will be more beneficial if the freshwater ‘slug’ is pushed further down into the North Lagoon
by a south-westerly wind. However, effects of wind on water levels cannot be effectively predicted,
and therefore it is difficult to manage this driver of the system in relation to flows.
Longer-term actions/investigations

Barrage releases for ecological benefit
Once a flow upstream is confirmed, water should be released over the barrages to allow lake levels to
drop until the flow peak arrives, followed by using the peak to fill the lakes again to surcharge level
(0.85 m) for a short period. The rate of lake lowering must not exceed 2 cm/day up to 20 cm to avoid
desiccation of Lower Lakes aquatic plant communities. Then, as the peak drops and flows over Lock
1 are declining, water should be released over the barrages at the same rate as the inflow and be
allowed to recede until the lakes reach a pre-defined level appropriate to that time of year. More
information about how this would be achieved is outlined in the Barrage Operating Strategy (see
Appendix K).
Fish passage
Any releases over the barrages need to be managed carefully to achieve maximum ecological
outcomes, specifically through the provision of water through the fish passages to allow a ‘double
benefit’ to fish movement and to the general ecology of the Coorong. Fish passages should be opened
first, prior to any other barrage gates, followed by adjacent gates to provide attractant flows. Fish
passage should also be closed last, to gain maximum benefit.
Fish movement should continue to be monitored against the relevant targets as part of a monitoring
framework for the Icon Site.
5.2.2 LAKE LEVEL MANIPULATION
The water level in the Lower Lakes is influenced by barrage releases, evaporation, extraction and
local inflows. Wind is also a major factor affecting water levels, and can cause an enormous shift in
water at a single location, potentially up to 600 mm under storm conditions (Jensen et al., 1997).
Barrage releases control the rate of water level fluctuation and partially determine the water residence
time, and can therefore be used to achieve benefits for both the Lower Lakes (such as reduced erosion
and enhanced wader bird habitat) and the Coorong/Murray Mouth (such as increased connectivity,
and freshening of the lagoons). More gradual reductions in lake level can be achieved through
allowing irrigation and evaporation to continue without re-filling the Lower Lakes, and gradual
increases can also be achieved to fill the lake above surcharge level.
During dry conditions, EMLR inflows become more significant and are greater drivers of lake levels
than flow over Lock 1. However, under normal conditions, river inflows are the main determinant of
lake level.
Lake levels could be lowered outside of the peak irrigation season (around November to May) and
reinstated to surcharge level (0.85 m AHD) during the irrigation season. This could lead to reduced
erosion of the lakeshore and increased mudflat habitat for waders.
While irrigation infrastructure access becomes limited at 0.4 m, it can be modified to cope with lower
water levels. Therefore, the option exists to manipulate lake levels during the irrigation season, if
managed carefully. Other considerations must be made (such as boating, fishing, tourism) to ensure
that lake lowering does not adversely impact upon these activities (for example, boats are unable to
use the lakes if levels drop below 0.5 m). Consideration must also be given to the potential ingress of
saline groundwater to the lakes, which may occur if water levels become too low.
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Lake levels could also be raised to above surcharge level (0.85 m), when water begins to spill over the
causeways and onto low-lying areas of surrounding islands and floodplain. This would cause
freshening of fringing wetlands and channel habitats and watering of fringing vegetation, and may
provide some ecological benefit to resident flora and fauna.
Current status

No specific management actions have occurred to manipulate water levels in the Lower Lakes.
However, changes to the way the lakes and barrage releases are managed have been proposed. ID&A
(2001a) scoped a number of options for altering the operation of the Lower Lakes, including an option
to increase the variability of lake levels and reduce ‘normal’ pool level by 100–150 mm by utilising
the barrages. A pool level of 0.6–0.65 m AHD was suggested, to reduce lakeshore erosion and
turbidity and to provide habitat for fauna and birds.
An investigation was undertaken in 2001 to determine the water savings from lowering the lake level
to a target pool level of 0.55 m AHD (ID&A 2001b). Modelling of this scenario resulted in savings of
33 GL per year on average. This option was also found to reduce lakeshore erosion in the lakes
because the susceptible alluvial deposits would no longer be exposed to continuous wave action, as
they generally lie above 0.55 m. The model predicted decreased turbidity in the near-shore zone, but a
slight increase in lake salinity levels. In addition, the model conceived that increasing water level
variability whilst maintaining an average level of 0.55 m would achieve improved environmental
outcomes without substantially reducing the savings in evaporative losses.
Limitations

The effects of wind on lake levels vary greatly across the lakes and regularly reach 300 mm per day in
some parts. In many cases, this will negate any potential benefits from manipulating lake levels, and
makes it very difficult to determine whether deliberate changes in lake levels are effective on their
own.
Longer-term actions/investigations

The groundwater salinity impacts of lowering lake levels need to be investigated. As lowering lake
levels can cause saline groundwater inflows to the lakes, as well as increase the risk of reverse flow
(depending on the tidal and wind conditions), it is important to gain a better understanding of these
processes to inform lake management strategies. If conditions are adequate, a lake lowering trial could
be undertaken to determine the saline groundwater impacts of a lake level of 0.5 m, followed by
subsequent trials of lower levels (such as 0.4 m, 0.3 m etc).
Where the opportunity exists for lake levels to be raised, a trial should be undertaken to determine the
benefits for fringing vegetation and channel wetland systems. Lake levels must not be raised for too
long to avoid lakeshore erosion.
Other research that would be useful to increase our knowledge of impacts of lake lowering include:
• the threshold rates of lake rise/fall with regard to the desiccation and inundation of aquatic
plants;
• the lake levels at which the connection to EMLR streams and wetlands is lost, or fails to
provide environmental watering requirements (which would need to be investigated in
conjunction with several watering plans for EMLR tributaries).
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Table 5.4. Summary of barrage release and lake level manipulation options

Option
Barrage releases
Pre-release (when forecast flows
are known) from a maximum
lake level of 0.75m

Use of fish passage

Use releases for targeted sand
removal

Use releases to vary lake level

Lake level manipulation
Lower lake levels in
Spring/Summer

Drop lake level prior to an inflow
occurring and refill with inflow
(Spring/Summer)
Maintain lower lake levels (ie.
0.6 m outside of the peak
irrigation season (June – Oct)
Raise water level to above
surcharge or hold water levels at
above 0.75 m for short period

Benefits

Risks

Greater flexibility to achieve ecological
outcomes
Murray Mouth opening
Reduced lake edge erosion
Inundation of fringing wetlands and
vegetation
Mudflat habitat (waders and macroinvertebrates)
Improved salinity conditions in Coorong
Fish passage and spawning
Fish passage between Lower Lakes,
Coorong and the sea
Fish spawning
Localised estuarine benefits in Murray
estuary
Improved fishing
Open Murray Mouth
Improved connectivity and salinity
conditions in Coorong

Impacts on irrigation and boating
Saline water ingress
Inadequate water supply to refill lakes
and supply for next year

Mudflat habitat (waders and macroinvertebrates)
Appropriate salinity conditions (and
ecological health) in Coorong
Fish spawning and passage
Murray Mouth opening

Impacts on irrigation and boating
Saline water ingress
Inadequate water supply to refill lakes
and supply for next year

Mudflat habitat (waders & macroinvertebrates)
Improved salinity conditions in Coorong
Fish spawning and passage
Murray Mouth opening
Mudflat habitat (waders & macroinvertebrates)
Improved salinity conditions in Coorong
Murray Mouth opening
Fringing vegetation & wetland health
Reduced lakeshore erosion
Improved salinity conditions in Coorong
Murray Mouth opening

Impacts on irrigation and boating
Saline water ingress
Inadequate water supply to refill lakes
and supply for next year

Fringing vegetation and wetland health
Endangered fish populations and habitat
Restoration of natural mudflat
wetting/drying cycle

Small reduction in lake level

Trade-off with other ecological
outcomes

Impacts on irrigation and boating
Saline water ingress
Inadequate water supply to refill lakes
and supply for next year
Limited impacts on irrigation and
boating
Inadequate water supply to refill lakes
and supply for next year
Erosion
Localised flooding
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5.2.3 LOCK 1 RELEASES
River regulation has resulted in the River Murray being essentially operated as a series of ‘pools’
from Yarrawonga Dam to the Murray Mouth. The last pool in the river is recognised as being from
Lock 1 to the barrages and includes the Lower Lakes. Lock 1 has the most influence on the Lower
Lakes, Coorong and Murray Mouth of all the weirs in South Australia. Therefore, actions undertaken
at Lock 1 will influence Lower Lakes water levels, as well as manipulation of lake levels affecting
water levels in this weir pool.
Lock 1 will need to be operated in conjunction with the barrages to best enhance flows to the Lower
Lakes, Coorong and Murray Mouth. Effectively, it would operate as an ‘inlet’ (Lock 1) and ‘outlet’
(barrages) arrangement for the Lower Lakes system.
5.2.4 KEEPING THE MURRAY MOUTH OPEN: DREDGING
Currently, a sand-dredging program (guided by a Dredging Decision System) is in operation at the
Murray Mouth to keep it open in the absence of flows over the barrages. The dredging program
employs two full-time dredges to create channels on either side of the mouth and maintain
connectivity with the Goolwa and Coorong lagoons. The original objectives of the dredging program
were to prevent elevated water levels in the Coorong, establish adequate tidal variation and establish
sustainable channels on either side of the mouth.
While dredging is no substitute for providing flows over the barrages to maintain estuarine conditions,
it is an effective means of maintaining an ‘open’ Murray Mouth; containing extremes in salinity in the
North Lagoon; and reducing the magnitude of environmental harm caused during extended no flow
periods (AWE, 2004).
Modelling of various flow scenarios using the Murray Mouth Morphological Model show that
dredging provides substantial benefits in preparing flow conveyance in the mouth region. More
information about the results of modelling to date can be found in Appendix K.
Dredging has also been proven as the most effective method, in terms of both cost and the
environment, for keeping the mouth open, as opposed to a range of structural and other methods
(WBM, 2004c). It is likely to be part of a long-term solution to keep the Murray Mouth open and
provide connectivity with the Coorong for ecological benefit.
5.2.5 INFORMATION-BASED TOOLS: DECISION SUPPORT SYSTEM
Murray Mouth

Dredging Decision System
Under low flow conditions, the Murray Mouth may close. It has only closed once in living history in
1981 and it came close to closing in 2002. The mouth was artificially opened in July 1981 and the
opening maintained by Winter river flows. Based on observations at the time, it was suggested that
flows of 25,000 ML/day to 30,000 ML/day were required to maintain and expand the opening. It was
later estimated that 20,000 ML/day for 4 weeks should restore a restricted mouth to a healthy state
(Walker, 2002).
Walker and Jessup (1992) used tide data from Victor Harbor, Goolwa and Tauwitchere barrages to
determine an effective mouth opening. Sediment build-up in the mouth restricts the free flow of tidal
waters from the ocean into the channels leading to the barrages. Any restriction would be reflected in
reduced tidal amplitude at the barrage locations. Tides are a reliable estimate of mouth opening when
river flows are small. Once flows increase there is a damping of the tidal signal inside the mouth and
the tides no longer reflect just mouth restriction.
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A Dredging Decision System (DSS) has been developed by DWLBC to inform management decisions
to assess if dredging is required to keep the mouth open to ensure exchange of water between the sea
and the estuary. The DSS incorporates the use of the Diurnal Tide Ratio (DTR) developed by Lawson
and Treloar Pty Ltd to assess the openness of the mouth.
The tide ratios are a comparison of the energy of tides inside the mouth at Goolwa and Tauwitchere
barrages and outside the mouth in Encounter Bay. A comparison of the two tides is known as the
DTR. Plots of the diurnal ratios are produced on a monthly basis providing a qualitative analysis of
the effectiveness of the tidal connectivity between the Coorong and the ocean.
The DTR is a key monitoring tool and driver of the decision system. The rate of DTR decline is
closely monitored and an estimate of ‘threshold’ values is made to direct the need to start or halt
intervention at the mouth. These values are viewed as alert signals regarding changing conditions that
will need to be assessed in conjunction with other factors to determine whether action is required. The
estimated threshold values are:
• Goolwa DTR = 0.3 (with declining DTR): point of intervention
• Goolwa DTR = 0.2 (with increasing DTR): intervention should be reassessed
• Tauwitchere DTR = 0.2 (with increasing DTR): intervention should be reassessed.
The Tauwitchere DTR should be used as the primary indicator of the degree of the effectiveness of
the dredging program as the monitoring station is further down the Coorong estuary and provides an
indication of the degree of tidal fluctuation in the North Lagoon.
The possibility of low flow to SA using the multihistory modelling of the MDBC is another primary
indicator of the potential likelihood for management intervention at the mouth.
Murray Mouth Morphological Model
The Morphological Model is a hydrodynamic and sediment transport model that has been redeveloped
to include the Lower Lakes. It allows water and salinity movements to be determined under modelled
conditions. It is a useful tool for ecological studies investigating the salinity distribution on the estuary
and Lower Lakes. It is also valuable for modelling short-term outcomes of different barrage release
scenarios, and impacts on the morphology of the mouth and Coorong. The model will be used to assist
in the development and enhancement of the Barrage Operating Strategy.
The model will improve our knowledge of the influences of releases from different barrages at
different times of the year, which will inform flow management for ecological benefit. The model is
useful for determining the best strategies for targeted sand removal, or perhaps for achieving the
greatest extent of estuarine conditions with particular flows.
Lower Murray

The Decision Support System (DSS) for the Lower Murray Region comprises a set of entities that
were identified for economic, social and environmental consideration of management arrangements
for the Lower Murray and lakes area. Indicators are identified for each entity so that they reflect the
value of the entity and its sensitivity or threat. The DSS uses data for each indicator to prepare a rating
(score) for the value and sensitivity of each entity. It also contains a large number of response
functions that enable reliable predictions of the change to indicator scores (economic, social,
environmental) from a change in management of the system.
Examples of the relationships that the response functions describe are: wine grape yield response to
river salinity; visitor (tourist) expenditure response to lake and river levels; and estuarine fish
spawning response to the duration and magnitude of freshwater flows.
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Outputs from the Murray Darling Basin Commission’s Monthly Simulation Model – BigMod are used
to provide data for the Decision Support System. Each set of outputs from the MSM-BigMod model
represents a management scenario for the Lower Murray and lakes system. Application of the DSS
involves recalculation of the indicator scores (economic, social, environmental) according to the
MSM-BigMod scenario. The DSS maps the indicator scores on a revised risk matrix and comparisons
are made with the baseline risk matrix.
River Murray system – models

MDBC simulation models have played a key role in the planning and management of Murray-Darling
water resources. The models have evolved over time to assist with the development and
implementation of policy initiatives.
MSM is a monthly simulation model used for modelling flows, operating rules for storages, irrigation
demands, water resource assessment and water accounting processes. This model covers the MurrayDarling River system from Dartmouth Dam to the South Australian border including the Lower
Darling from Menindee Lakes.
Bigmod is a daily flow and salinity routing model that was used for daily flood operation between
Dartmouth and Yarrawonga. It was also used independently to provide weekly flow and salinity
forecasts for the mid river.
The MDBC has linked its MSM and Bigmod models to provide a daily modelling capacity for The
Living Murray. The ouput model indicates likely flows and salinity levels downstream of Dartmouth
Dam to Lock 1. MSM-Bigmod simulates the operations of the River Murray under a set of conditions
through a 109 year period between 1891-2000 incorporating a daily time step.
A set of hydrological indicators have been developed for the Murray Mouth, Coorong and Lower
Lakes Icon Site to facilitate the comparison of different operating scenarios and the impact they may
have on the long-term environmental, economic, social and cultural use of the Icon Site.

5.3 COMPLEMENTARY MANAGEMENT ACTIONS
Flow management alone will not achieve the ecological targets and objectives set out in this Icon Site
plan. A range of other management actions that do not directly involve flow can be used to achieve
ecological outcomes at the Icon Site. These are outlined below.
5.3.1 WATER QUALITY IMPROVEMENTS
Current irrigation and farming practices in the Lower Murray Reclaimed Irrigation Areas (LMRIA)
result in large amounts of wastewater that contain high loads of nutrients and bacteria. These
irrigation areas are all gravity-fed systems and lie between Mannum and Wellington on the River
Murray. They were reclaimed from ephemeral wetlands. The primary concern is effluent rich
irrigation and stormwater runoff from farms, which mixes with intercepted regional groundwater and
other stormwater and discharges to the River Murray and Lower Lakes (DWLBC, 2003).
Current status

Irrigation reforms are creating new rights and responsibilities for irrigators in the LMRIA. These
reforms aim to enable sustainable primary production in these areas, while addressing significant
issues arising from the way current arrangements and practices impact on water use, water quality and
irrigation management. As part of this project, irrigation infrastructure is being rehabilitated to supply
water to farms in more efficient channels and to cease the return of contaminated drainage water to
the river.
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All landholders irrigating reclaimed land by flooding within the River Murray Water Protection Area
must progressively eliminate the discharge of irrigation and stormwater runoff to the river by 30 June
2008. Licences in the LMRIA are granted with the proviso to prepare and implement an
Environmental Improvement Management Plan (EIMP) and implement a Water Quality Monitoring
Program. This initiative will greatly decrease the main source of nutrients entering the Lower Lakes,
leading to reduced algal blooms and increased water quality. In future, the aim is to cease all
discharge of polluted wastewater to the River Murray (DWLBC, 2003; EPA, 2005).
Further investigations

More information is required about the sources of nutrients entering the Lower Lakes and Coorong.
Nutrients are required to sustain ecological populations, such as Goolwa Cockles at the Murray
Mouth, and to manage these populations, greater knowledge of nutrient inputs and outputs is required.
The nutrient balance is not well understood and studies are underway that will add to knowledge of
the system. (Brookes, 2006).
5.3.2 LAKES AND COORONG FISHERY MANAGEMENT
The purpose of the management plan for the South Australian Lakes and Coorong Fishery is to
provide a detailed outline of the strategic policy framework that has been established for the
ecologically sustainable management of the South Australian Lakes and Coorong Fishery. This plan
sets out a formal harvest strategy for the fishery and provides direction for the formulation of
regulations contained within the Fisheries (Scheme of Management - Lakes and Coorong Fishery)
Regulations 1991 and the Fisheries (General) Regulations 2000. This plan is intended to provide
greater certainty in day-to-day and longer term management decision-making, for all stakeholder
groups. Access to fisheries resources, managed by the government on behalf of the broader
community and future generations, comes with certain obligations for commercial licence holders,
recreational participants and traditional fishers regarding the proper management and care of fisheries
resources. These obligations are set out in the management plan. Information in this document
provides a reference for the broader community in relation to the management measures that have
been introduced to ensure the long-term sustainability of lakes and Coorong fisheries resources.
In accordance with the objectives of the Fisheries Act 1982 (the Fisheries Act), a key goal of this
management plan is to ensure that an appropriate balance exists between the need to ensure long term
sustainability of the marine, estuarine and freshwater fisheries resources of the lakes and Coorong
region, and the optimum utilisation and equitable distribution of these resources, for all stakeholder
groups and future generations. This management plan sets out key performance measures to allow for
assessment of the degree to which these objectives are being achieved. This management plan
formalises a long-standing, informal ecosystem-based approach to the management of the lakes and
Coorong Fishery. It also aims to provide a foundation for management of the fishery to continue
moving towards a more integrated management framework, incorporating environmental management
principles with standard species and gear based fisheries management. (Management Plan for the
South Australian Lakes and Coorong Fishery, pp 9).
The fishery management plan covers all fishing activity undertaken within the Lower Murray lakes
and Coorong region including commercial, recreational, traditional and any illegal fishing. The plan is
an expression of the policy that applies in relation to the lakes and Coorong Fishery that will inform
the exercise of any discretionary decision-making powers in the legislation, as they apply to the
fishery. The area of water to which this management plan applies includes the water of three separate,
but closely linked, ecosystems, including:
• the Lower River Murray lakes;
• the Coorong lagoons; and
• coastal marine waters adjacent to the Sir Richard and Younghusband peninsulas, out to three
nautical miles from the low water mark.
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The Lakes and Coorong Fishery is a multi species, multi-method fishery. The primary species to
which this management plan applies include Mulloway (Argyrosomus japonicus), Goolwa Cockle
(Donax deltoides), Yellow-eye Mullet (Aldrichetta forsteri), Golden Perch (Macquaria ambigua),
Greenback Flounder (Rhombosolea tapirina) and Black Bream (Acanthopagrus butcheri). Important
exotic fish species covered by this plan include European Carp (Cyprinus carpio) and Redfin (Perca
fluviatilis). A number of other marine, estuarine and freshwater species (native and exotic) are also
covered.
This plan will operate for a 5-year period from 2005 to 2010 inclusive, subject to annual review and
amendments that are considered necessary by the Inland Fisheries Management Committee (the
Inland FMC), the Director of Fisheries or the Minister for Agriculture, Food and Fisheries. The Inland
FMC will use the management plan to guide annual processes for providing advice to the Minister
and Director of Fisheries on management and research for the fishery. The Inland FMC will use the
reporting framework established in the harvest strategy to prepare an annual report on the
performance of the fishery against all performance indicators and reference points. An annual stock
status report will provide the basis for this annual assessment of fishery performance. All stock
assessment reports for individual species will address the key performance indicators outlined in the
management plan. This process has been designed to deliver improved public accountability on the
management of the fishery.
Harvest Strategy

The aim is to provide a strategic framework to guide annual decision-making on harvesting rates for
all sectors of the fishery. In a practical sense, the harvest strategy describes the linkages between
management objectives, strategies, performance indicators, reference points, management triggers and
agreed management actions to be introduced, upon reaching reference points or triggers. The harvest
strategy also describes how fishery data should be collected, how the data should be analysed and how
the results of data analyses should be interpreted and used to determine management actions. A
formal harvest strategy strengthens the link between annual fishery stock assessment processes and
management decision-making.
The following framework integrates a set of basic environmental management principles into the dayto-day management of the fishery to ensure that management decision-making incorporates critical
environmental factors, such as the timing and volume of freshwater flows, barriers to fish passage and
river mouth opening. This approach aims to ensure that fundamental environmental processes are
maintained or, where necessary, restored to maximise benefits for fish stocks. Under this integrated
approach, instead of simply measuring the performance of individual fish stocks against management
objectives, critical environmental drivers will be explicitly taken into account when assessing the
overall health of the fishery and in decision-making processes. If water flow rates or other key
environmental parameters fall outside of reference levels in any given period, the management plan
will require a management response to be initiated, to ensure fish stocks are not left unmanaged
during periods of low ecosystem health, such as extended periods of drought or low water flow.
Management Goals and Objectives

The Fisheries Act 1982 provides an overarching framework to ensure long-term sustainability of
South Australia’s marine, estuarine and freshwater fisheries resources. The following broad
management goals and objectives provide a focus for the long-term sustainable management of the
Lakes and Coorong Fishery and are complementary to the objectives outlined in the Fisheries Act.
Consistent with the objectives of the Fisheries Act, a key goal of this management plan is to ensure
that an appropriate balance exists between the need to ensure long term sustainability of Lakes and
Coorong fisheries resources and the optimum utilisation and equitable distribution of these resources
between all stakeholder groups and future generations. For this reason, the stock sustainability and
environmental management objectives set out in this management plan provide the baseline against
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which all other objectives will be pursued. Economic and social objectives will be pursued to the
extent possible, where stock sustainability imperatives have been demonstrably achieved. The
following management goals aim to address key challenges facing the fishery and take into account
key policy drivers.
Goal 1:
Goal 2:
Goal 3:
Goal 4:

Sustainable harvesting of fisheries resources.
Optimum utilisation and equitable distribution of fisheries resources, within the
constraints of sustainability imperatives.
Minimise impacts on the structure, productivity, function and biological diversity of
the ecosystem.
Cost-effective and participative governance of the fishery.

Management Strategies

The management strategies outlined in Table 10 of the management plan, reflect the multi-species,
multi-method nature of the fishery and have been designed to ensure that management objectives are
effectively pursued. Collectively, these strategies are aimed at management of the whole fishery,
however, a number of strategies have been directed specifically at either the commercial or
recreational sector, or at an individual species or group of species. An important element of the Lakes
and Coorong Fishery commercial harvest strategy is the flexibility that commercial fishers have to
transfer harvesting effort between species and ecosystem components, within and between years. This
strategy is fundamental to the management of the commercial sector as it allows commercial fishers to
respond to natural changes in environmental conditions, which drive the abundance and availability of
fish within and between seasons. This strategy reduces the risk of commercial over fishing of an
individual species during most conditions. This strategy also provides scope for fishers to adjust
fishing practices in response to changes in market conditions. The range of strategies outlined in
Table 10 provides the necessary scope and flexibility required to manage the fishery and its impacts
on fish stocks and the broader ecosystem, within a natural system that is characterised by high
variability in environmental conditions and fish stock abundances. The strategies aim to provide the
capacity to facilitate any changes that are required to implement National Park management strategies.

Performance Indicators

The extent to which the management plan is achieving the range of established management
objectives will be assessed using a combination of performance indicators, designed to measure the
performance of the fishery, the status of individual key species and the overall condition of the
environment.
Performance Measures

A series of biological reference points have been established for key performance indicators to enable
managers to determine whether fishery performance is acceptable (sustainable) or not. The reference
points have been designed to provide clear guidance to management decision-making processes by
defining how performance indicator estimates should be interpreted.
Upper and lower limit biological reference points have been determined for total commercial catch
and commercial catch per unit effort (CPUE) for six primary species (Mulloway, Goolwa Cockle,
Yellow-eye Mullet, Golden Perch, Greenback Flounder and Black Bream). Overall fishery
performance will be measured by evaluating:
• annual estimates of performance indicators, relative to established upper and lower biological
reference points; and
• longer term trends, as determined by the rate of change in annual performance indicator
estimates over a 3 to 4 year period, relative to the established reference rates of change.
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Management Responses

When annual estimates of one or more performance indicators suggest that the fishery is performing
outside of the reference range established in the management plan (ie. if a reference point is reached),
PIRSA Fisheries and the Fisheries Management Committee will take the following actions:
1. notify the Minister for Agriculture, Food and Fisheries and participants in the fishery as
appropriate;
2. undertake a detailed review including an examination of the causes and implications for all
key species of reaching one or more reference values;
3. consult with key stakeholder groups regarding the need for alternative management strategies
for each sector, which may include changes or improvements to:
• limitations on total effort levels;
• the type and amount of fishing gear that may be used;
• the design of fishing gear (eg. mesh sizes or configurations);
• temporal and spatial closures;
• moratoria on the take of individual species;
• size limits for individual species;
• recreational bag and boat limits and possession limits;
• limits on the total catch of an individual species (output controls);
• limitations on the number of participants; and
• processes that influence environmental performance.
• provide a report to the Minister, within 3 months of the initial notification, on the
effects of reaching one or more limit reference values, including any
recommendations on alternative management strategies.
When a management review is undertaken it does not mean that management arrangements will
automatically be altered. If a review reveals that unsatisfactory performance can be explained by
factors other than those directly related to resource sustainability (eg. market forces), then it may be
recommended that no management action be taken or that further monitoring be undertaken. In
extreme circumstances, the Minister may use the powers in section 43 of the Fisheries Act to protect a
fishery or an individual species by removing access to a species or limiting fishing activities in a
fishery, for a specified period while a long-term management response is being formulated. This same
measure can be used when total allowable catch limits are reached within a fishing season.
5.3.3 OTHER
Complementary natural resource management (NRM) and other non-flow management activities can
assist in meeting the Living Murray objectives. These options are listed in Table 5.5 below, along
with the groups and/or agencies responsible for their implementation. The actions listed are
undertaken by a variety of groups, many of which are community driven. Often, these activities are
not far-reaching enough to adequately address the major problems at the site and have a relatively
small impact. A major reason for this is a lack of financial support. The work that these groups
undertake is extremely important in engaging the community and their activities are crucial to
restoring the health of the system. There is a need for increased financial support to undertake these
works, as complementary actions are needed in conjunction with flow management to achieve
ecological benefits for the whole ecosystem.
The South Australian Lower Murray Co-ordinating Committee (SALMCC) plays an integrating
management role in the region, and is responsible for ensuring that other complementary management
activities occur for the benefit of the Icon Site. Once the actions for environmental flow delivery have
been developed, the SALMCC can begin to identify any other complementary management activities
that will assist in delivering ecological benefits to the Icon Site, and work with the relevant agencies
and groups to implement them.
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On-ground works
LAP groups, the Aboriginal Lands Trust, National Parks and Wildlife Service, Local Government, SA
MDB NRM Board, Transport SA , non-government and community organisations are undertaking a
wide range of on-ground works to address other management issues associated with the region. These
include: lakeshore erosion, grazing at the lake edge, loss of remnant vegetation, dune erosion, control
of pest plants and animals, wetland management and maintenance of cultural practices, sites and
species.
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Table 5.5. Complementary natural resource management activities

Action
Targeted lakeshore erosion control around Lakes
Alexandrina and Albert
Management of boating activities to reduce impact of
wash on eroding shorelines

Stock control around lakeshore edge

Feral animal species control

Vegetation management and revegetation

Weed management

Fisheries Management
Land retirement

Management of Upper South East drainage outflows
Dryland Salinity management

Responsible group
Goolwa – Wellington and Coorong
District Local Action Planning (LAP)
Groups
Ngarrindjeri
BIASA
SA Tourism Commission
PIRSA Fisheries
Ngarrindjeri
Transport SA
Local Government
LAP groups
Landholders
Environment Protection Agency
(EPA)
DEH
SA MDB INRM Board
Ngarrindjeri
Animal Plant Control Board (APCB)
PIRSA Fisheries
DWLBC
Landcare
Ngarrindjeri
LAP groups
Local Government
APCB
SA MDB INRM Board
Ngarrindjeri
Landcare
DEH
Local Government
LAP groups
PIRSA Fisheries
SARDI Aquatic Sciences
Ngarrindjeri
DWLBC
DEH
PIRSA
Ngarrindjeri
Local Government
DEH
DWLBC (USE Program)
DWLBC
LAP Groups
LandCare

Lower Lakes, Coorong and Murray Mouth Icon Site Environmental Management Plan 2006-07

84

5.4 PRIORITISING COMPETING MANAGEMENT ACTIONS
5.4.1 DECISION SUPPORT SYSTEM
A decision support system (DSS) is being developed to assist in the decision-making process for flow
management at the Icon Site and will be a key part of the Barrage Operating Strategy The main
components of the DSS include:
• a prioritisation process, which will enable a range of objectives and targets to be achieved for
maximum ecological benefit at the Icon Site under three different flow bands (see Tables 4.1);
and
• a risk assessment process to prioritise potential impacts from management actions or inactions
that will influence management decisions for any given flow event.
The Barrage Operating Strategy will contain a list of outcomes that need to be prioritised for each
flow event based on a number of factors (see Table 5.4). These include seasonality, the peak and total
volume of the flow event, and the ecological requirements of the system, including parts of the Icon
Site that may need urgent watering.
The process for prioritising these outcomes will be developed as part of the DSS and included in a
future version of the Icon Site plan. It will incorporate environmental, economic, social and cultural
criteria based on the interim principles in the South Australian Environmental Flows Strategy
(DWLBC 2005a), which are:
1. Preserve and protect existing high value areas or areas in good condition.
2. Restore those ecological Icon Sites of lesser value and/or moderate condition where there is:
• a high environmental and community gain for the resources invested;
• a high degree of community support for restoration activities;
• high potential for rehabilitation;
• a strong relationship between environmental degradation, impacting processes and
opportunities for Icon Site rehabilitation;
• a high degree of connectivity thereby maximising opportunities for complementary
benefits; and
• the potential to achieve multiple ecological objectives.
3. Highly degraded areas should be a low priority unless they threaten significant infrastructure,
are needed to connect habitats of high or moderate value or pose off-site threats to other
significant ecological values.
Interim criteria for prioritising environmental watering activities will also be based on those outlined
in the Living Murray Environmental Watering Plan 2004-05 (MDBC, 2005b).
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Table 5.6. Desired outcomes from changed operation of the barrages

Outcome

Priority (Timing)

Operate Fish Passage
Fish Spawning & attractant flows
Natural recession of flows

All year (August – February
critical)

Keep the Murray Mouth open
Establish connectivity with the
Coorong
Counteract sand ingress into the mouth
Coorong Ecological Health
Connectivity
Mudflat drying/wetting cycle - Ruppia
Reduce salinity
Goolwa channel
North Lagoon
South Lagoon
Lake Alexandrina
Lake Albert
Lakes Ecological Health
Inundate fringing vegetation
Provide drying/wetting cycle for
mudflats
Habitat - endangered native fish
species

At all times

Manipulate lake levels
Irrigation pumps
Adelaide water supply
Recreational access
Lake edge stability

Ecological – Summer/Spring
Irrigation – Winter

All year
Spring/Summer
Spring/Summer
Spring/Summer

All year
Spring/Summer
Spring/Summer
Spring/Summer

Autumn/Winter

5.4.2 RISK AND LEGAL ISSUES
The Living Murray Business Plan indicates that the LMEWP and ISEMPs will identify legal
constraints and risks to the implementation of plans along with actions to minimise these, including
any assessment requirements for actions.
Risk and legal issues relate primarily to the risk of adverse consequences:
• to the Icon Site associated with lack of action;
• to other river users/values associated with implementing actions at the Icon Site
The Environmental Watering Group (EWG) will explore the ecological risks associated with inability
to implement key actions under the ISEMPs necessary to achieve the environmental objectives and
outcomes of TLM First Step decision for inclusion in the 2006-07 versions of the LMEWP and
ISEMPs.
Attention will also be given to identification of legal issues, and approaches to mitigating them, that
may arise from operation of the river and its works to achieve environmental outcomes. In the first
instance, the approach to management of these issues will follow that adopted by MDBC and state
constructing authorities as part of normal river management.
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This will involve notification of the Commission (or other groups as appropriate) of the level of risk
involved in proposed management actions, and the appropriate method for mitigating this risk. The
approach to management of risk and legal issues to support implementation of the LMEWP and
ISEMPs will be reviewed and updated by the EWG for consideration of the Ministerial Council in
agreeing to the 2006-07 versions of the ISEMPs.
Where required any necessary approvals will be obtained for any actions occurring under this plan.
Risk management at the Icon Site

A risk assessment and management approach is being developed to prioritise potential impacts (both
positive and negative) that may arise from undertaking the actions listed in the Icon Site Plan or by
not taking management actions. As part of the annual operating strategy for the Icon Site, an annual
risk assessment will be undertaken to determine the most appropriate management actions and tradeoffs between the ecological targets and potential social and economic impacts. This annual assessment
will rely on forecast flows from the MDBC and will form the basis for an annual Barrage Operating
Plan. The Community Reference Committee, the Barrage Operating Committee and the Coorong,
Lower Lakes and Murray Mouth Environmental Flows Working Group will work together to develop
the risk assessment templates during 2006-07 and to undertake the risk assessment process for
informing any management decisions.
The Living Murray Environmental Flows Working Group will then address these risks on both an
annual and event basis and will assess trade-offs between the six different Icon Sites as part of the
planning process.
Potential risks

Table 5.7 shows a risk assessment matrix developed by EconSearch and AWE (2005a), which will be
used as a basis for the event based risk assessment in identifying the magnitude and likelihood of
potential risks to the project so that effort can be directed to managing those risks appropriately.
Given the likelihood and impact of a risk occurring, the following risk categories are applied:
Likelihood:

5 = high; 1 = low

Risk:

9-10 = Extreme; 6-8 = High; 5 = Moderate; <5 = Low

Another factor describing the certainty of the risk quantification needs to be added to link the risk
assessment to the filling of knowledge gaps and to track decisions in a transparent and comprehensive
manner. The matrix will be further developed to ensure a range of issues are incorporated and
considered in the assessment as part of a broader risk assessment and management project run in
conjunction with the SA Murray-Darling Basin Natural Resources Management Board during
2006-07 .
Information available to inform risk assessment

ID&A (2001) undertook a risk assessment for the region which identified two living features as being
of extreme risk – the estuarine ecosystem and samphire community. A series of options to improve
the environmental condition of the Lower Murray were then developed and evaluated based on the
risk assessment. The benefits and implications of undertaking these options were also discussed.
This was further expanded to identify and quantify key economic, social and environmental activities
and ‘values’ that are dependent on water resource management in the section of the River Murray
from Lock 1 to the Coorong (EconSearch and AWE, 2005a). Some cultural values such as
archaeological sites have been included but this section requires significant expansion in consultation
with the Ngarrindjeri community. A Decision Support System has also been developed to estimate
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responses in economic, social and environmental indicators to changes in Icon Site management
(EconSearch, and AWE, 2005b). The next step is to develop an event based risk assessment process
that can be initiated in early Winter each year once flow predictions are known that can inform an
annual Barrage Operating Strategy.
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Table 5.7. Proposed risk assessment matrix

Likelihood:
Risk:

5 = high; 1 = low
9-10 = Extreme; 6-8 = High; 5 = Moderate; <5 = Low

Risk associated with action
Delivery of water to the Icon Site

Likelihood

Severity

Rating

Mitigation

Infrastructure capacity insufficient for desired
action
Salinity impacts assoc with flows that have
been ‘used’ at other Icon Sites
Risks to channel infrastructure and cultural
heritage of exceeding Lake Victoria outlet
capacity
Downstream infrastructure and legal issues
limiting the potential for Menindee Lakes to
boost flows from Lake Victoria
Management of water within the Icon Site
Actions do not achieve targets – subsequent
impacts on a range of species and the system
Associated salinity impacts
Saline groundwater ingress from lake lowering
and subsequent impacts upon industry and
ecology
Trade-off of delivering water to one area at a
cost to another area
Increased lakeshore erosion from inappropriate
lake level
Exposure of key cultural sites from lake
lowering
Flooding of properties around Lower Lakes
from lake level raising
Impacts on boating and recreation through lake
level lowering
Irrigation infrastructure unable to function
through lake level lowering
Barrage Operating Strategy
Risk of not filling lake after pre-release (ie
begin barrage releases at 0.75m)
Increased risk of reverse flows
Increased risk of ‘broken releases’
General risks
Ongoing maintenance and operation of
structures
Ongoing dry conditions results in delivered
water having negligible impact
Lack of community support for plan and
implementation
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6. NEXT STEPS
Work is needed in several areas to further inform and progress both the development and
implementation of the Icon Site Environmental Management Plan (ISEMP). These include:
• community consultation
• improving knowledge
• ecological monitoring, including the development of a monitoring and evaluation framework
• adaptive management arrangements.
These are outlined below.
6.1 CONSULTATION
The process for consultation on the Living Murray and ISEMP is outlined in the Living Murray
Business Plan. The objective for community consultation and communication is:
‘to ensure that individuals and groups who are likely to be impacted upon
or materially interested in activities under the Business Plan have adequate opportunity to
input into decisions affecting them; to ensure all relevant information and a diversity of views
are considered in the decision-making process; and to increase
awareness and understanding of the Living Murray initiative’ (MDBC, 2004).
It is essential that a high level of community involvement be obtained in planning for the delivery of
environmental flows and other complementary management activities. While many sectors of the
community are aware of, and seek involvement in flow management initiatives, significant
community education is still required to obtain the level of community support, involvement and
engagement that will be required to obtain and deliver environmental flows (DWLBC, 2004).
DEVELOPMENT OF THE PLAN
In developing the Icon Site plan, jurisdictions must consult with regional and local groups that have
an interest or role in management of the Icon Site. The purpose of the consultation process is to
engage the relevant groups and agencies in developing and implementing the ISEMP to maximise the
environmental outcomes from application of the available water (MDBC, 2004).
Community Reference Committee

A Lower Lakes, Coorong and Murray Mouth Community Reference Committee (CRC) has been
established under the auspices of the SA Murray-Darling Basin Natural Resources Management
Board to:
• provide a forum for discussion, input and advice on the ongoing development and
implementation of the Lower Lakes, Coorong and Murray Icon Site Environmental
Management Plan;
• act as a sounding board for the SA Lower Murray Coordinating Committee on decisions
relating to environmental flows in the Lower Lakes, Coorong and Murray Mouth Icon Site;
• disseminate information through local networks on Lower Lakes, Coorong and Murray
Mouth and Coorong Icon Site project activities;
• report to the SA Lower Murray Coordinating Committee on community attitudes, issues and
expectations and provide advice on actions and responses to address these; and
• identify and advise the SA Lower Murray Coordinating Committee of opportunities for
community information needs, participation and involvement.
Two targeted workshops were held during April and May 2006 focussed upon gaining Community
Reference Committee input to the revision of the ISEMP. Members of the CRC provided significant
input which has influenced the further development of the plan.
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CRC members are all part of significant wider networks and are encouraged, and being supported, to
play a key role as conduits for the flow of information regarding management of the Icon Site both to
and from the wider community.
Community Information Forums are being held during June 2006 to update invited representatives
from key interest groups in the area and the wider community about the ISEMP and the Living
Murray process.
Indigenous engagement

The Indigenous community, particularly traditional owners, have an important role to play in natural
resource management. The Icon Site lies within Ngarrindjeri country (see Figure 2.2). Therefore, it is
important that appropriate protocols for engagement with Ngarrindjeri are developed. A separate
engagement process with the Ngarrindjeri community has been identified through consultation with
the Ngarrindjeri NRM Group.
The Ngarrindjeri have provided cultural input to the Icon Site plan, in particular with regard to
ecological targets, management options and the provision of cultural knowledge on a range of issues
within the plan.
The ongoing consultation process includes:
• briefings on the process and current status of the Icon Site plan;
• analysis/translation of Icon Site plan information into culturally appropriate information by
representatives from the SA Murray Darling Basin Indigenous Partnership Program (IPP);
• development of an information/communication paper to aid discussion with appropriate key
Indigenous community representatives;
• Indigenous community workshops with the Ngarrindjeri NRM Group; and
• documentation of community views for integration into draft plans and close liaison to
include text in relevant sections of the plan.
The ongoing relationship and engagement process with the Ngarrindjeri Nation will be further
enhanced through the imminent appointment of an Indigenous Facilitator for this Icon Site. The
facilitator will play a key role by:
•
•
•

•
•
•
•
•

identifying opportunities for Indigenous partnerships in planning and management of Lower
Lakes, Murray Mouth and Coorong under The Living Murray;
through a process of informed involvement, ensuring that Indigenous people have a
meaningful role in planning and management of the Lower Lakes, Murray Mouth and
Coorong Icon Site;
ensuring that Indigenous knowledge, cultural values, perspectives and aspirations are
incorporated into the Lower Lakes, Murray Mouth and Coorong Icon Site Environmental
Management Plan in a meaningful and comprehensive way which informs management
decisions;
coordinating and facilitating Indigenous community input and involvement in The Living
Murray Icon Site planning processes and implementation projects;
providing technical support and resources to build capacity for Indigenous people to
contribute to the future management of the Lower Lakes, Murray Mouth and Coorong Icon
Site;
ensuring that Indigenous involvement in planning and management is undertaken in a
culturally appropriate manner;
promoting the protection and preservation of cultural sites and knowledge;
coordinating the development of Cultural Maps for Lower Lakes, Murray Mouth and
Coorong; and
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•

fostering linkages and partnerships between the Indigenous Nation, the broader Indigenous
community, the SA Icon Site Manager, the DWLBC, DEH, the MDBC Indigenous
Partnership Project and Murray Lower Darling Rivers Indigenous Nations.

Indigenous consultation

This ongoing consultation will be undertaken following protocols established by the South Australian
Murray-Darling Basin’s Indigenous Partnerships Program and will occur in close collaboration with
the Ngarrindjeri NRM Group.
Partnerships will be formed with the Ngarrindjeri people, and any other Indigenous Nations whose
traditional country is involved in environmental management of the River Murray in South Australia.
Involvement in plan implementation will occur as early as possible when developing environmental
flow projects or when on-ground works are planned. This is in keeping with agreed frameworks for
Indigenous involvement, including those endorsed by the Council of Australian Governments
(COAG) and the South Australian Government, which focus on recognising the aspirations, interests
and contributions of Indigenous peoples to the management of natural resources and promoting the
effective involvement of Indigenous peoples in the management and sustainable use of natural
resources (DWLBC 2004).

6.2 IMPROVING KNOWLEDGE: FURTHER INVESTIGATIONS
Further investigations underway or required to increase our knowledge of the natural and operational
aspects of the Lower Lakes, Coorong and Murray Mouth system include:
• impacts on river users (particularly, irrigators, commercial fishers and boaters) of lowering
and raising lake levels (for example, the impacts on irrigation infrastructure from lower lake
levels);
• potential for saline groundwater to enter the lakes under lowered lake levels and the
subsequent impacts on water quality, ecology and river users;
• optimal rates of lake level changes that avoid negative ecological consequences (such as
flooding of nesting sites, erosion, aquatic plant desiccation and inundation);
• lake level thresholds where the connection to EMLR streams and wetlands is lost, or fails to
provide environmental watering requirements (which would need to be done in coordination
with various watering plans for EMLR tributaries);
• development of a nutrient balance for the Lower Lakes and Coorong to better understand
where nutrients enter and exit the system and to better manage ecological populations that
rely on nutrients (such as Goolwa Cockles);
• development of a water balance for the Lower Lakes and Coorong to better understand where
water enters and is lost from the system, which will inform the management of water within
the Icon Site (requiring all EMLR tributaries to be gauged to enable accurate measurement of
volumes contributed and the frequency/timing of inflows);
• the ecological/salinity impacts on Lake Albert and the Coorong of constructing a channel
between Lake Albert and the North Lagoon;
• salinity impacts on the Lower Lakes of lowering lake levels to below 0.5 m AHD;
• salinity impacts of a lake manipulation option, where the water level in Lake Alexandrina is
dropped to promote outflow of highly saline water from Lake Albert for the purposes of
refilling it with fresher inflows from upstream;
• an appropriate strategy for addressing fishing after a barrage release to prevent detrimental
effects on estuarine fish populations;
• Peter Gell research – the completion of analysis of core sediment samples taken from the
Coorong; and
• The relationship between the Mundoo channel outflow and E. coli populations.
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6.3 MONITORING
A large range of monitoring activities occur in the Lower Lakes and Coorong region, both short and
long term, involving a number of agencies and non-government groups. A summary of current
monitoring arrangements in the region has been undertaken (Symonds, 2004). These are outlined in
Appendix L. However, the data being collected is seldom coordinated, infrequently collated or
interrogated, and is often inconsistent in both format and timeframes. In addition, the information
being gathered may not provide the knowledge needed to empower better decision-making (that is,
adaptive environmental management) in the long term, and in the short term, monitoring results can
be too ambiguous to provide a useful means of assessing project performance.
6.3.1 MONITORING FRAMEWORK FOR THE ICON SITE
The monitoring framework for the Lower Lakes, Coorong and Murray Mouth provides a guide on
how monitoring undertaken within the Icon Site will be used to report against the success of The
Living Murray First Step decision. The framework does this by aligning the aims and objectives of
The Living Murray Outcomes Evaluation Framework 2006-07 (OEF) against the objectives and
targets of this Icon Site plan. This will allow relevant information to be effectively used, knowledge
gaps identified and monitoring effort rationalised across the Icon Site.
THE LIVING MURRAY OUTCOMES EVALUATION FRAMEWORK 2006-07
The OEF has six objectives, but objectives 2, 3 and 4 and the types of monitoring they entail relate
specifically to the Icon Site plan.
•
•
•

Objective 2 – Determine the change in the environmental condition of individual Icon Sites
resulting from water application and implementation of works programs under The Living Murray
– Condition Monitoring;
Objective 3 – Determine the effectiveness of interventions in improving environmental condition
– Intervention Monitoring; and
Objective 4 – Determine if works and water regime have been undertaken as agreed – Compliance
Monitoring.

Condition Monitoring

Condition monitoring will determine if there is a change in the ecological condition of the Icon Site as
a result of actions taken under The Living Murray. Condition monitoring will assess whether
sustainable native fish, bird and vegetation communities are being maintained across the Lower
Lakes, Coorong and Murray Mouth. Provisional fish, bird and vegetation species and communities to
be assessed via condition monitoring have been identified (Table 6.1). The identity of these
assemblages and species will be refined and a series of quantifiable targets developed for each. These
targets will form the basis against which long term condition will be assessed.
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Table 6.1. Draft fish, bird and vegetation assemblages and species that will be monitored to assess the
ecological condition of the Icon Site.
BIOTA
Fish
Assemblage

OBJECTIVE

VARIABLES
Species diversity, relative
abundance, distribution,
age structure

Species

Sustainable communities of River Murray channel, estuary and
Lower Lakes fish assemblages, including large bodied
commercial species, small bodied migratory species, generalists
and wetland low flow specialists
Viable populations of Black Bream and Greenback Flounder

Birds
Assemblage

Sustainable communities of waterfowl and waders

Species diversity, relative
abundance, distribution,
breeding and recruitment
Abundance

Species
Vegetation
Assemblage
Species

Sharp-tailed Sandpipers, Curlew Sandpipers, Red-necked Stints,
Sanderlings, Common Greenshanks and Banded Stilts

Abundance, distribution,
age structure, spawning,
recruitment

Wetland plant assemblages, North Lagoon assemblage, South
Lagoon assemblage

Diversity, relative
abundance, distribution

Viable populations of Ruppia spp. in the North and South
Lagoon

Relative abundance,
distribution, age
structure, condition,
recruitment

Intervention monitoring

Intervention monitoring will assess the ecological response to interventions, or environmental
management actions implemented under The Living Murray. Intervention monitoring will provide the
major link in understanding how the ecological responses to environmental management actions result
in changes at the Icon Site scale. It will also provide the foundation information required for effective
adaptive management. The OEF lists three types of interventions that will be utilised at the Lower
Lakes, Coorong and Murray Mouth: flow enhancement, dredging and fishway operation.
Interventions are expected the meet the same objectives as Objective 2 of the OEF: the impact on
native fish, bird and vegetation communities.
Compliance Monitoring

Compliance monitoring will ensure that the steps and requirements undertaken in delivering an
environmental intervention are adequately monitored. In the Lower Lakes, Coorong and Murray
Mouth compliance monitoring will assess flow volume over the barrages, lake height, diurnal tide
ratio and salinity.
Relationship between OEF and Icon Site Plan Monitoring

The Icon Site plan has three overall ecological objectives and 21 targets. The objectives will be
reported against via condition monitoring, whilst the majority of targets will be assessed as
interventions.
Relationship between OEF Condition Monitoring and the Icon Site Plan

The results of condition monitoring will provide one of the primary tools to determine if the
objectives of this Icon Site plan are being met. Data obtained from condition monitoring can be used
to report against the objectives of the Icon Site plan either directly or indirectly by providing
information that supports conclusions drawn from other monitoring (Table 6.2). For example,
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information collected on the condition of waterfowl and wader bird assemblages and populations does
not assess water bird habitat and thus cannot be used to report directly against this Icon Site plan
objective. However, this information will supplement any conclusions drawn regarding changes to the
habitat.
Table 6.2. The relationships between OEF condition monitoring and Icon Site plan objectives

Fish – assemblage
Fish - species
Bird - assemblage
Bird - species
Vegetation - assemblage
Vegetation - species

An open
Murray Mouth

Enhanced
migratory water
bird habitat in the
Lower Lakes and
Coorong

More frequent
estuarine fish
spawning and
recruitment

Supportive
Supportive
Supportive
Supportive
Supportive
Supportive

Supportive
Supportive
Supportive
Supportive
Direct
Direct

Direct
Direct
Supportive
Supportive
Supportive
Supportive

The Relationship between Icon Site Plan Objectives and Targets

The Icon Site plan targets are linked to the three ecological objectives such that achievement of the
targets should result in the objectives being met. The targets specify particular species and areas
within the Icon Site that require action to achieve the objectives. This relationship is well illustrated
for the water bird habitat and estuarine fish objectives, whereby 13 and 17 of the 21 targets contribute
to meeting each of these targets respectively; with 8 of the targets common to both (Table 6.3). The
commonality of these eight targets suggests that they should receive a high priority for monitoring as
they are the most likely to provide information on whether or not the Icon Site plan objectives have
been met. Keeping an open Murray Mouth is a prerequisite if these two targets are to be met and as
such provides the third ecological objective. Unlike the other two objectives an open Murray Mouth
will only be met if one target is achieved; keeping the mouth open with freshwater flow. However,
this target may fail, and yet the objective still be met, if the mouth is kept open via dredging.
Monitoring Framework for the Icon Site Plan Targets

Each Icon Site plan target has been aligned to a number of categories so that each target meets the
objectives of the plan, fulfils the requirements for intervention monitoring, and fills gaps in system
understanding. This is achieved for each target by determining: the target’s relevant Icon Site plan
objectives and benefits to the ecosystem; a desired outcome; central questions related to the target;
and a hypothesis to be tested via monitoring.
Icon Site Plan Objectives and Ecosystem Benefits
The Icon Site plan objectives that will be addressed by meeting a particular target are listed. The ways
in which this will occur are described as ecosystem benefits. Ecosystem benefits not only address the
objectives but also provide links between the different monitoring programs and increase our
understanding of ecosystem function.
Desired Outcome
Each desired outcome links the target to its corresponding ecological objective. The desired outcome
is expressed as a target, that when met, can be reported as meeting an ecological objective. Wherever
possible the desired outcome is expressed as a quantifiable target. If knowledge of the system is
inadequate, such that the desired outcome cannot be expressed quantifiably, then one of the aims of
the monitoring program is to provide the information required to develop a quantifiable desired
outcome. There are two types of desired outcomes: ecological and physical/chemical. Target 1
provides an example of an ecological desired outcome: ‘To increase and maintain Ruppia megacarpa
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cover to 50% of the area between the annual low tide levels to one metre below the annual minimum
low tide mark in the North Lagoon’. This outcome provides a quantifiable target against which the
condition of migratory wader bird habitat can be assessed. An example of a physical/chemical desired
objective is Target 3: ‘Water levels are maintained between 0.3-0.5 m between November and
February every year’. This sets a measurable limit on a manipulable parameter, in this case water level
as opposed to an expected response in the case of an ecological desired outcome. As with Target 1
this outcome provides a quantifiable target against which the condition of migratory wader bird
habitat can be assessed.
Central Questions
From each target, two or more central questions are developed. These questions relate to how an
intervention will help achieve a target and how achieving the target will increase our system
understanding. This understanding may vary from determining relationships within and between
biotic and physical/chemical components of the system to acquiring spatial and temporal knowledge.
Hypothesis
From these questions a hypothesis is developed around which the monitoring program will be
designed. This hypothesis generally links an intervention to an outcome, tests a concept on how the
system works or is a combination of both.
Monitoring Design for the Icon Site Plan Targets

With these relationships established, the monitoring design will be able to rationalise monitoring
effort by proscribing a monitoring regime that will fulfil both the monitoring requirements under the
OEF whilst also being able to report on progress towards the objectives of the Icon Site plan. One
method by which this may be done is by utilising the same monitoring techniques at the same sites but
by altering the temporal scale at which they are collected. Current monitoring programs will also be
able to be assessed according to the criteria listed above to determine if the information they provide
can meet the reporting requirements of the framework. These existing programs can then be adopted,
modified or rejected accordingly.
The Integrated Monitoring Framework for environmental flows and Salt Interception Schemes
in South Australia

DWLBC is currently developing an integrated monitoring framework (IMF) for environmental flows
and Salt Interception Schemes The IMF will proscribe a series of standard techniques that will be
used to assess intervention based monitoring of environmental flows and Salt Interception Schemes in
the South Australian Murray-Darling Basin. Environmental flows, as barrage and fishway releases,
are important interventions that will be undertaken at this Icon Site. The methodology used in the Icon
Site plan monitoring program to monitor the effects of these releases will be adopted by the IMF as
standard techniques.
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Table 6.3: A comparison of targets against objectives to determine which targets will contribute to achieving each objective.
Ecological Objectives

An open
Murray
Mouth

Location

Target

North Lagoon

Enhance Ruppia megacarpa colonisation and reproduction
Enhance and maintain estuarine-lagoonal invertebrate populations
Maximise mud flat exposure during Summer
Maintain sediment size range in mud flats
Establish and maintain organic content for mud flats
Monitor and maintain the 1% waterbird flyway population level for waterbird
indicator species.
Enhance Ruppia tuberosa colonisation and reproduction
Establish viable invertebrate populations
Maximise mud flat exposure during Summer
Establish and maintain organic content for mud flats
Monitor and maintain the 1% waterbird flyway population level for waterbird
indicator species.
Establish and maintain variable salinity regime with >30% of area below seawater
concentrations.
Maintain aquatic and floodplain vegetation

South Lagoon

Murray Mouth
Estuary & Coorong
Lakes Alexandrina
and Albert
Murray Mouth
Lakes & Coorong

Maintain and enhance habitat for native fish
Expose mud flats during every Summer around the lake edge
The Murray Mouth open 100% of the time through freshwater outflows with
adequate tidal variations to meet the needs of the Coorong ecosystem
Successful spawning and recruitment of Black Bream and Greenback Flounder
Improved connectivity between the Lower Lakes and Coorong to facilitate
required fish passage between freshwater and estuarine habitats that provides for
the improved spawning and recruitment success of diadromous fish species such as
Congolli (Pseudaphritis urvillii) and Common Galaxias (Galaxias maculatus)
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√

Enhanced migratory
water bird habitat in
the Lower Lakes and
Coorong
√
√
√
√
√
√

More frequent
estuarine fish
spawning and
recruitment
√
√

√
√
√
√
√

√
√

√

√

√

√

√
√
√

√

√

√
√
√

Ecological Objectives

Location

An open
Murray
Mouth

Target

Improved connectivity between the Coorong and the sea to facilitate required fish
passage between habitats for juvenile and adult life-history stages of diadromous
fish species such as lampreys (ie. Mordacia mordax) and eels (Anguilla australis)
or estuarine dependent species such as Mulloway (Argrosyomus japonicus)
Management of flows to South Lagoon to provide conditions for growth and
spawning of Small-mouthed Hardyhead
Improved spawning and recruitment success in the Lower Lakes for endangered
fish species, including Murray Hardyheads and Pygmy Perch
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Enhanced migratory
water bird habitat in
the Lower Lakes and
Coorong

More frequent
estuarine fish
spawning and
recruitment
√

√
√

6.3.2 MONITORING AND EVALUATION FRAMEWORK FOR THE MURRAY-DARLING BASIN
A monitoring and evaluation framework is being developed by the MDBC for all six Icon Sites,
which will have direct application to the monitoring program for the Icon Site, in particular the first
two key stages listed above. The Commission’s framework will identify arrangements for:

•
•
•
•
•

what will be monitored (biophysical)
when (timing and frequency of monitoring)
how (preferred methodologies and minimum standards)
where (geographical extent of monitoring)
who (to accommodate an event-ready capacity at the Icon Site).

The framework is being designed to allow reporting on the ecological targets and Living Murray
objectives at the Icon Site, as well as long-term resource condition targets and objectives. The
framework will provide a consistent approach to monitoring and reporting across the six Icon Sites.
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Table 6.4. Summary of key knowledge gaps, monitoring requirements and responsibilities at the Icon Site

Target

Knowledge

Knowledge Gaps/ Investigations required

The Murray Mouth open 100% of
the time through fresh water
outflows with adequate tidal
variations to meet the needs of the
Coorong ecosystem.

Morphological modelling
available
Baseline information

Model needs to include lake sections
South Lagoon Bathymetry

Coorong – North Lagoon
Enhance Ruppia megacarpa
colonisation and reproduction in
North Lagoon.

20cm below low tide to < 1m
depth.
Does not grow in depths > 1m in
Coorong as a relation to
turbidity and photosynthesis
Salinity levels for germination

Distribution and abundance
Seed bank viability and geographic extent
How low and how long should salinity be to
germinate or grow, flowering and
reproduction
Preference curves with gaps existing.
Role of submerged vegetation and role of
various spp as habitat value
Suggest monitoring protocols

Investigation stage
Baseline information required
DWLBC USED Program for
investigations
DWLBC E-Flows for
monitoring
DEH to provide
technical/logistical support

Coorong – South Lagoon
Enhance Ruppia Tuberosa
colonisation and reproduction in
South Lagoon.

Some say not in decline
Ephemeral spp annual
Mainly linked to hydrology not
salinity
Good handle on hydro
requirements
Does not grow in depths > 1m in
Coorong as a relation to
turbidity and photosynethsis

Salinity impact on growth, reproduction and
flowering
How do Ruppia spp deal with false starts –
risk analysis?
Baseline distribution and abundance (use
David Paton’s data)
Water balance information (South Lagoon
Bathymetry needed)
Distribution map required

Investigation Stage
Baseline information required
DWLBC USED for
investigations and monitoring
DEH to provide
technical/logistical support

Preference curves, literature review,
monitoring protocols required

Baseline information collected,
investigation being undertaken.
DEH

Draft quantitative baseline info
Coorong – North Lagoon and
on invertebrates in mudflats
estuary
Enhance and maintain invertebrate
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Stage of research and
responsibility
Monitoring Stage
DWLBC

Target

Knowledge

Knowledge Gaps/ Investigations required

Stage of research and
responsibility

As above

As above

Baseline surveys in several areas
of the lower lakes have
produced some indication of
invertebrate composition to
family level.

Baseline data needs collation and collection:
Invertebrates require identification to species
level to access true composition
Benthic invertebrates have been overlooked investigation required.

Baseline information collected,
investigation being undertaken.
DEH
DEH

Lakes Alexandrina and Albert
Maintain aquatic and floodplain
vegetation

Background collation of data
and present knowledge (Lake
Alexandrina & Albert)
For submerged, emergent and
amphibion spp (DEH to fund)

Monitoring baseline survey
Incorporate sites to create quantitative
assessment
Reference sites?
Review to determine replication in 06/07

Lake Alexandrina and Albert
Maintain and enhance habitat for
native fish.

Background data exists
Habitat mapping available

Lake Alexandrina and Albert
Expose mud flats during Summer
around lake edge

What types of habitat are used
and where?
What types of birds use lake?
General understanding of the
health of some mud flat areas.
Water balance understood in
estuary area

Biology of some spp not well understood
Knowledge gaps understood (gonad
development, age, structure, larval abundance,
recruitment), Critical habitat, edge of lake
habitat value.
How to improve mud flat health through
water manipulation

populations in the North Lagoon.
Coorong – South Lagoon
Establish viable invertebrate
populations in South Lagoon.
Lower Lakes
Establish viable invertebrate
populations in lagoons.
(NOT A CURRENT TARGET)

Coorong – North Lagoon
Maximise mud flat exposure
during Summer.
Coorong – South Lagoon
Maximise mud flat exposure
during Summer.
Coorong – North Lagoon

Baseline survey completed

DWLBC E-FLOWS & DEH for
investigations
Link with small-bodied fish
monitoring project (INRM
project) by including aquatic
vegetation in study method.
Investigation report required
Refine existing monitoring
protocols
Baseline data and Investigations
completed by DEH
Refine monitoring protocols
required

Influence of South Lagoon?

DEH, DWLBC

Bathymetry not completed
Impacts from USE

DWLBC

Verification if these ranges are optimal for

Investigations complete,
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Target

Knowledge

Maintain sediment size range in
mud flats.
Coorong – North and South
Lagoon
Establish and maintain organic
content for mud flats
Successful spawning and
recruitment of Black Bream
(Acanthopagrus butcheri) and
Greenback Flounder
(Rhombosolea tapirina).

Knowledge Gaps/ Investigations required
invertebrate biology

Baseline survey completed

Verification if these ranges are optimal for
invertebrate biology

Hydrological requirements
known
Literature review black bream
06/7 (PIRSA)

Relative abundance measure lacking
Spawning info (pilot study only)
Larval juveniles abundance, distribution or
habitat requirements
Relative abundance of adult fish
Preference curves – hydrology/flow, salinity
for all life stages
Stock structure and migration
Need water to monitor fishways
Any ‘now’ fishway – monitored using MFAT
program or protocols.

Stage of research and
responsibility
monitoring protocols being
developed.
DEH and DWLBC E-flows
Investigations complete,
monitoring protocols being
developed.
DEH and DWLBC E-flows
DWLBC E-flows & PIRSA
More investigations required,
monitoring protocols need
developing

Improved connectivity between
Lower Lakes and Coorong to
facilitate required fish passage
between freshwater and estuarine
habitats

Fishway baseline monitoring
completed

Improved connectivity between
Coorong and the Sea to facilitate
required fish passage between
habitats for juvenile and adult lifehistory stages
Management of flows to the South
Lagoon to provide conditions for
growth and spawning of Smallmouthed Hardyhead
(Atherinosoma microstoma)

Explain

More investigations required?

MDBC & DWLBC E-flows &
PIRSA

Good

Monitoring design
Review Paton dataset

DWLBC USE & MDBC &
DWLBC E-FLOWS
investigation and monitoring
Need monitoring program to
focus on abundance to
understand productivity of the
system.
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At the monitoring stage
MDBC & DWLBC E-FLOWS

Target

Knowledge

Knowledge Gaps/ Investigations required

Improved spawning and
recruitment success in the Lower
Lakes for endangered fish species
including Murray Hardyheads
(Craterocephalus
stercusmuscarum fulvus) and
Pygmy Perch (Nannoperca sp.)
Safeguarding of minimum water
levels in the Lower Lakes to
maintain core fish habitats

Habitat knowledge
Flow requirement
Spatial distribution

Tolerances to water quality (SKM report)
Salt sensitivity database

Habitat knowledge
Flow requirement
Spatial distribution of core
habitat known
Literature OK

Water balance information? (eg water levels
in core habitats)
Information on hydrological impact on
spawning (monitoring by extending upstream
PIRSA/COMM fishers to sample).
Gonad, age structure, larval abundance prerecruit index.
What is habitat for juvenile golden perch
(now: amphibious, habitat and submerged;
Future: submerged)

PIRSA/MDBC

Baseline knowledge available

PhD being undertaken

DWLBC E-flows &
PIRSA/SARDI

Improved large-bodied freshwater
fish spawning and recruitment
success in the Lower Lakes

Management of flows to
maximise production of Goolwa
cockles on ocean beaches

Stage of research and
responsibility
Might need to expand
monitoring into the North
Lagoon.
DWLBC Eflows/PIRSA/SARDI
investigations and monitoring

DWLBC E-FLOWS
Develop monitoring protocols
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6.4 ADAPTIVE MANAGEMENT
The effective delivery of environmental flows to the Icon Site will be underpinned by a
knowledge-based adaptive management approach. Adaptive management enables managers
to learn from the impacts of management actions and the information gained from research
activities, and change their management strategies on the basis of improved knowledge.
Because knowledge of river processes and how they are affected by management actions is
incomplete, and bio-physical responses cannot be easily predicted, taking an adaptive
management approach is a critical element of environmental flow delivery (DWLBC, 2004a).
6.4.1 THE CONCEPT
Adaptive management is a cyclic, learning-oriented approach to the management of
complex environmental systems that are characterised by high levels of uncertainty
about system processes and the potential ecological, social and economic impacts of
different management options (Jacobson 2003).
The concept of adaptive management is illustrated in Figure 6.1.
Adaptive management requires the creation of linkages between science, management and
policy. It leads to greater participation and stakeholder engagement, and improves reciprocal
valuing of different forms and sources of information. The integrative nature of adaptive
management has become a useful framework for linking science, policy and management
(Bosch et al., 2004).
Adaptive management is particularly important for the management of natural systems, such
as the Lower Lakes, Coorong and Murray Mouth, which are highly complex. Management
takes place against a dynamic background where change is continuous and unpredictable.
This highlights the need to develop conceptual models of our current understanding of the
system, and the amount of information that is either poorly known or missing.
6.4.2 APPLYING ADAPTIVE MANAGEMENT TO THE ICON SITE
The impacts and outcomes of watering actions will inform the ongoing refinement and
implementation of the ISEMP and other management plans, particularly in our understanding
of the ecological responses to environmental flows and watering options.
Adaptive management will be applied at the site by undertaking a variety of investigations,
modelling and monitoring, and incorporating the findings into the management strategies and
actions entailed in the ISEMP. The information will be assessed, and monitoring programs
and management strategies refined to reflect the ongoing improvement in our knowledge of
the ecological processes operating at the site and the most effective way of managing them for
the best ecological outcomes. This new information will be shared with the wider community
through various management agencies, Indigenous nations and community groups.
A range of knowledge gaps and required investigations have been identified in relation to the
Icon Site. This is an initial step in the ongoing adaptive management of the Icon Site to
achieve the Living Murray objectives and Icon Site-specific ecological targets.
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Figure 6.1. Adaptive management process
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ABBREVIATIONS
AEF

Above Entitlement Flow

ISEMP

Icon Site Environmental Management Plan

AHD

Australian Height Datum

ARI

Arthur Rylah Institute for Environmental Research

AWSG

Australian Waders Study Group

BOS

Barrage Operating Strategy

CAMBA

China-Australia Migratory Bird Agreement

COAG

Council of Australian Governments

CRC

Community Reference Committee

DEH

Department for Environment and Heritage

DWLBC

Department of Water, Land and Biodiversity Conservation

EC

Electrical Conductivity

EFS

Environmental Flows Strategy

EFWG

Environmental Flows Working Group

EMLR

Eastern Mount Lofty Ranges

EPA

Environment Protection Agency

EPBC

Environment Protection and Biodiversity Conservation

EWC

Environmental Watering Committee

FSD

First Step Decision

GL

Gigalitres

IGA

Inter-Governmental Agreement

IPP

Indigenous Partnerships Project

JAMBA

Japan-Australia Migratory Bird Agreement

LAP

Local Action Planning

MDBC

Murray-Darling Basin Commission

MDBMC

Murray-Darling Basin Ministerial Council

ML

Megalitres

ML/d

Megalitres/day

SA MDB NRMB

South Australian Murray-Darling Basin Natural Resources
Management Board

SARDI

South Australian Research and Development Institute

TLM

The Living Murray
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GLOSSARY
Anadromous

fish species that spawn in freshwater environments but use
estuaries and/or the sea for larval, juvenile and/or adult phases
of their life cycle

Anoxia

lack of oxygen

Australian Height Datum

the measure of elevation above mean sea level. The AHD is
the official datum used in Australia and is used to measure the
water level in the Lower Lakes

Benthic

species that thrive on the bottom of a water body, eg. benthic
algae can thrive on the bottom of lakes

Biomass

the amount of living material in a unit area or volume, usually
expressed as mass or weight

Brackish

water that has a salinity of 2500 - 5000 EC; between that of
fresh and estuarine.

Catadromous

fish species that spawn at sea but use freshwater catchment
areas during the juvenile and sub-adult life stages

Cue

a term used for a flow that triggers an ecological event, such as
fish spawning

Detritus

disintegrated or eroded material that accumulates at the
bottom of a water body

Diadromous

fish species that move between the sea/estuary and
rivers/streams to complete phases of their life cycle

Diurnal

having a 24 hour or daily cycle; ie a diurnal tide occurs each
day

Driver

a process that influences how an ecological system operates

Density stratification

see stratification

Depauperate

species-poor

Entitlement Flow

the amount of water in the River Murray that NSW and Victoria
must allow to flow to South Australia under the Murray-Darling
Basin Agreement. South Australia’s Entitlement Flow is
1 850GL

Estuarine

water that has a salinity of 12 000 – 60 000 EC; between that
of fresh and marine

Estuarine Migrant

fish species of marine origin that usually reside in estuaries as
juveniles and adults but often have a marine larval phase

Estuarine Resident

fish species of marine origin that reside in estuaries and can
complete their entire lifecycle within these systems

Freshwater Migrant

freshwater fish species that are often recorded in estuaries
retreating into catchment rivers when conditions become
unfavourable

Freshwater Straggler

freshwater fish species that sometimes enter estuaries when
conditions are favourable

Endangered

species that are threatened with extinction

Euryhaline

species that have a wide tolerance to salinity

Family

a scientific order of taxonomy which contains genera, or genus
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Freshwater obligate sp.

species that are virtually always found in freshwater
environments

Hydrograph

a mathematical curve depicting the changes in flow or water
level over a given time period

Hypersaline

water that is extremely saline, and sometimes referred to as
twice that of seawater. Greater than 115 000EC

Land retirement

the process of changing the way in which land is used in order
to rehabilitate it

Lever

an option or tool for the management of environmental flows

Littoral

the edge or shallow area of a water body

Macrofauna

animals large enough to be seen with the naked eye

Macroinvertebrate

invertebrates visible to the naked eye, such as insect larvae

Maintain

to keep the condition of the Icon Site in its current state. This
is used if the condition is healthy, but may be appropriate if the
condition is declining and there is no way of improving it

Marine

water that is highly saline, and salinity of around 60 000EC
(salinities between estuarine and hypersaline)

Marine Migrant

marine species that make extensive use of estuaries during
juvenile and/or adult life stages

Marine Straggler

marine species where only a small proportion of the overall
population make use of estuaries

Morphospecies

species that are given an informal code or number instead of
actual species names, when they cannot be formally identified

Neap tide

a tide that occurs when the difference between high and low
tide is least; the lowest level of high tide. Neap tides occur
twice a month, in the first and third quarters of the moon

Prograded

built out; a term that refers to areas of lake edge where
elevated water levels have caused erosion of the sediment
underneath the clay topsoil, resulting in a ‘shelf’

Restore

move the condition of the Icon Site back to its natural condition

Resuspension

when sediment or other matter becomes suspended in water
once it has settled to the bottom of a water body

Rehabilitate

move the condition of the resource to some better condition,
but which is lower than or different to natural. This may be to a
reference condition (a specified level of health that is
acceptable) or to some predetermined target (ie. a specified
salinity)

Seiche

water oscillations in a water body caused by wind or other
resonance. Wind seiche in the Lower Lakes can cause lake
edge erosion if water levels are adequate

Semi-diurnal

having a 12 hour or half-daily cycle; ie a semi-diurnal tide
occurs once every 12 hours

Stratification

a natural feature of water bodies characterised by a vertical
gradient in density, caused by differential heating of the water
surface and/or differences in salinity

Surcharge

to fill a water body to a pre-determined level to accommodate
for extractions and other losses. For example, the Lower Lakes
are surcharged to 0.85m prior to the irrigation season, allowing
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enough storage to cover irrigation extractions, domestic use
and evaporative losses.
Taxa

a grouping of organisms given a formal taxonomic name such
as species, genus, family, etc

Turion

an underground bud or shoot from which an aerial stem arises;
in this case for Ruppia species, the turions of which are an
important food source for wading birds
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APPENDIX A: LIVING MURRAY BUSINESS PLAN: ARRANGEMENTS FOR SOURCING AND APPLYING WATER

DEMAND
Icon Site Plans
Purpose
•
Further refine existing ecological objectives at each
site
•
Identify water needs at individual Icon Sites to meet
ecological outcomes
•
Establish benchmarks for environmental condition of
sites
•
Determine other actions that are required at Icon Sites
in order to achieve ecological outcomes (eg stock
removal and other works)
Management
•
Jurisdictions to appoint Icon Site Manager for each
Icon Site
•
Environmental Watering Technical Working Group
(EWTWG) to manage River Murray Channel EMP
•
Necessary local management arrangements to be ID
•
Other Icon Site watering plans to be assessed by
EWTWG for conformity with Living Murray EWP
• Cross-jurisdictional arrangements to be established
for cross-border Icon Sites
•
Monitoring and information requirements to be
identified
Consultation

•
•

Managed by jurisdictions with Icon Site Manager to

develop and implement consultation
process.

LIVING MURRAY
ENVIRONMENTAL WATERING
PLAN
Purpose
•
Models water needs against available
water
•
Maximises environmental outcomes
across the six Icon Sites, including
using water across multiple sites in the
same ‘release’
Management
•
EWTWG to develop Living Murray
Environmental Watering Plans
(annually and longer-term)
Consultation
•
EWTWG to work closely with Icon
Site Mangers, Community Advisory
Committee, River Murray
Environmental Manager,
Environmental Works and Measures
Program Reference Group, River
Murray Water and Water Liaison
Committee.
• EWTWG to consult more broadly,

engaging regional, local &
Indigenous groups with interest
or role in management of River
Murray System.

For River Murray Channel, EWTWG to consult with
8 CMAs and all groups with material interest)
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SUPPLY
Water Sourcing Packages
Purpose
•
Identify water sourcing packages
for possible investment by
jurisdictions
Management
•
Packages to be developed by
jurisdictions
•
Applications for listing on
Eligible Measures Register to be
assessed by Project Assessment
Group (Annex F), then submitted
for approval through the Living
Murray Board, Murray-Darling
Basin Commission and MurrayDarling Basin Ministerial
Council
Consultation
•
Proponent to undertake
consultation
•
Packages must demonstrate that
legislative requirements have
been met and provide evidence
of consultation with all groups
with material interest.

APPENDIX B: RELATIONSHIP TO EXISTING STRATEGIES AND LEGISLATION
There are numerous plans and strategies affecting management of the Chowilla floodplain. These are
outlined below in four groups:
• Murray-Darling Basin
• South Australia’s Murray-Darling Basin
• Lower Lakes, Coorong and Murray Mouth
• Legislation.
Murray-Darling Basin

Murray-Darling Basin Agreement 1992
The Murray-Darling Basin Agreement provides the process and substance for the integrated
management of the Murray-Darling Basin. The purpose of the Agreement (Clause 1) is:
to promote and co-ordinate effective planning and management for the equitable efficient and
sustainable use of the water, land and other environmental resources of the Murray-Darling
Basin (MDBC 2004a).
The Agreement provides the statutory framework within which the parties responsible for the
development and implementation of the LMEWP will work to achieve the specific objectives of the
First Step Decision (MDBC 2004a).
The Living Murray Initiative - First Step decision
In 2002, the Murray-Darling Basin Ministerial Council established The Living Murray Initiative in
response to concerns about the declining environmental and economic health of the River Murray
system. The initiative will involve a number of collective actions to return the system to a healthy
working river. The first step will focus on achieving environmental benefits for six Icon Sites on the
River Murray. The Coorong, Lower Lakes and Murray Mouth region is recognised as one of these
Icon Sites. The management of up to 500GL of water each year, to be recovered by 2009, will assist
the recovery of these six sites (DEH 2004).
Intergovernmental Agreement on Addressing Water Overallocation and Achieving Environmental
Objectives in the MDB (MDB-IGA)
The IGA provides for the recovery of water for environmental flows and mandates the development
of a Living Murray Environmental Watering Plan. The MDB Ministerial Council is responsible for
overseeing implementation of the IGA. The Commonwealth government and relevant state
governments are responsible for implementing the IGA and for achieving its objectives.
Business Plan to Address Water Overallocation and to Achieve Environmental Objectives in the
Murray-Darling Basin (TLM BP)
The Living Murray Business Plan was developed following signing of the IGA and describes how the
actions and milestones of the IGA are to be achieved. The IGA provides the authority for the Business
Plan. The Business Plan describes the approach agreed to source, apply and account for water.
The Living Murray Environmental Watering Plan
The Plan provides the framework for using available environmental water across the River Murray
system to maximise ecological outcomes across the six Icon Sites (MDBC 2004b). The watering plan
will be informed by the ISEMPs, which provide details on the demand for water at each Icon Site,
helping to identify the volume, timing and security of water needed to achieve the ecological
objectives at each Icon Site while minimising impacts on existing users (MDBC 2004a). The MurrayDarling Basin Environmental Watering Group was established to assess the volume of water available
for implementing any given action.
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Other relevant strategies include:
• River Murray Water Operational Plan
• Murray-Darling Basin Commission Native Fish Strategy
• Murray-Darling Basin Commission Integrated Catchment Management Strategy
South Australia’s Murray-Darling Basin

Environmental Flows for the River Murray – South Australian’s strategic framework for collective
action to restore river health (2005)
This document proposes a framework for collective action and a clear way forward to deliver and
manage environmental flows in the River Murray in South Australia. It acknowledges the State’s
responsibilities to implement the First Step decision, outlining the policies and plans which will
underpin decision making in delivering flows to the Icon Sites within South Australia, consistent with
the MDB-IGA. The plan also goes a step further, identifying other actions which will achieve
ecological benefits in targeted priority areas of the State (DWLBC 2005).
South Australian River Murray Salinity Strategy (DWR 2001)
The strategy addresses river salinity in the South Australian Murray-Darling Basin and sets a target
for in river salinity at Morgan of less than 800 EC 95% of the time. The strategy has also set salinity
targets at the South Australian border, Berri and Murray Bridge. These targets have in turn been
adopted in both the River Murray Catchment Water Management Plan and the Integrated Natural
Resource Management Plan for the South Australian Murray-Darling Basin.
Integrated Natural Resources Management Plan for the South Australian Murray-Darling Basin
(2003)
This plan provides a major step towards fully integrated management of all natural resources within
the Murray Darling Basin in the State. The plan draws together the strategies, actions, knowledge and
resources of multiple groups to achieve integrated management of natural resources across the whole
region.
Biodiversity Plan for the South Australian Murray-Darling Basin
The Biodiversity Plan provides the strategic basis for prioritising biodiversity conservation decisions
in the region. It provides the biodiversity component for use in other strategies and plans for regional
development decisions.
Drought Allocation Policy
This Plan outlines the steps to be taken for declaring drought conditions for water allocations from the
River Murray in South Australia. This may lead to a reduction in allocations for that year.
Lower Lakes, Coorong and Murray Mouth
Annual Icon Site Environmental Watering Plans (2006, ongoing)
The ISEMP for the Lower Lakes, Coorong and Murray Mouth will be guided by annual Icon Site
watering plans which will identify priorities for environmental watering for the season ahead, taking
into account the water requirements to meet the environmental objectives and factors such as the time
since the last watering and the condition of the Icon Site (MDBC 2004a).
Coorong and Lakes Alexandrina and Albert Ramsar Management Plan (DEH 2000)
The Coorong, together with Lakes Albert and Alexandrina, was designated as a Wetland of
International Importance under the Ramsar Convention in 1985. This status recognises the worldwide
importance of the area as water bird habitat, particularly for migratory waders and waterfowl and as a
drought refuge. The vision for the Coorong and Lower Lakes Ramsar Wetlands is set out in the
Coorong and Lakes Alexandrina and Albert Ramsar Management Plan (DEH 2000).
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The ISEMP contributes to the vision of the Ramsar Plan by managing environmental flows for
ecological benefit.
Once wetlands have been designated under the Ramsar convention, the nominating countries are
required to prepare management plans for the wetlands that will promote their wise use and the
conservation of their ecological character. Ecological character is defined by the Convention as being:
the structure and interrelationships between the biological, chemical and physical
components of the wetland. These derive from the interactions of the individual processes,
functions, attributes and values of the ecosystem(s) (DEH 2000).
The ecological character of the site is described in the Ramsar Management Plan. The environmental
values of the area set out in this ISEMP (see Section 2.2) inform the review of the ecological character
for the Ramsar Management Plan. The two planning processes are complementary to ensure
consistency and common outcomes.
Other plans and strategies relevant to the Lower Lakes, Coorong and Murray Mouth Icon Site include:

•
•
•
•
•
•
•

Coorong National Park Management Plan
Coorong National Park Tourism and Recreation Plan
Management Plan for the Lower Lakes and Coorong Fishery
South East Catchment Water Management Plan
South East Integrated Natural Resource Management Plan
Upper South East Dryland Salinity and Flood Management Plan
Recreational Boating Industry Development Report

Legislation

Environment Protection and Biodiversity Conservation Act 1999
The Environment Protection and Biodiversity Conservation Act 1999 (EPBC) Act is Commonwealth
legislation that has direct relevance for Ramsar-listed wetlands. The Act reinforces Australia's
obligations under the Ramsar Convention by adopting the concept of ecological character and the
Australian Ramsar management principles.
Under the EPBC Act, a Ramsar wetland is either:

•
•

an Australian wetland on the List of Wetlands of International Importance kept under the
Ramsar Convention; or
a wetland declared to be a Ramsar wetland by the Commonwealth Environment Minister.

The Act states that an action will require approval from the Federal Environment Minister if the
action has, will have, or is likely to have a significant impact on the ecological character of a declared
Ramsar wetland. This action might take place outside the boundaries of the wetland.
The EPBC Act obliges responsible jurisdictions to manage sites in a manner which maintains their
ecological character. In conjunction with the First Step decision objectives, the ISEMP outlines
environmental flow management actions that aim to meet these statutory obligations.
Aboriginal Heritage Act (SA) 1988
The Aboriginal Heritage Act (SA), 1988 is state legislation designed to protect and determine
management requirements for Indigenous heritage in South Australia. Indigenous sites, objects and
knowledge are protected under this legislation. Heritage reports, plans and records of protected
Indigenous sites and areas form an important basis for recognition of Ngarrindjeri cultural and
ecological values in the Lower Murray, Lakes and Coorong area.
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Other pieces of state legislation relevant to the Lower Lakes, Coorong and Murray Mouth Icon Site
are:
• River Murray Act 2004
• Natural Resource Management Act 2004
• Water Resources Act 1997, including Notices of Intent and Prohibition for regulating the
Water Resources of the Eastern Mount Lofty Ranges (pursuant to Water Resources Act)
• Upper South East Dryland Salinity and Flood Management Act 2002
• Native Title Act (South Australia) 1994.
Other relevant Commonwealth legislation includes the Native Title Act 1993 and the Aboriginal and
Torres Strait Islander Protection Heritage Protection Act 1984.
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APPENDIX C: ROLES AND RESPONSIBILITIES FOR MANAGING THE ICON SITE
Partnerships have been established to ensure an integrated approach to the management of the
Lower Lakes, Coorong and Murray Mouth Icon Site. Existing partnership arrangements are
outlined below.
SA Lower Murray Coordinating Committee

The Department of Water, Land and Biodiversity Conservation (DWLBC) has established the
South Australia Lower Murray Coordinating Committee (SALMCC) to oversee the
integration of natural resource management activities in the Lower River Murray region. The
Committee’s role is to establish and coordinate the strategic natural resources vision and
direction for the region. The SALMCC is overseeing the development of the ISEMP for the
Lower Lakes and Coorong. There is an equivalent committee for the Chowilla floodplain, the
Chowilla Coordinating Committee.
The SALMCC includes representatives from DWLBC, the South Australian Department for
Environment and Heritage (DEH) (Biodiversity Services, Ramsar and National Parks),
Primary Industries and Resources (PIRSA)(Fisheries), MDBC, SA Water, South Australian
Murray-Darling Basin Natural Resources Management Board (SA MDB NRMB) and the
Commonwealth DEH (Ramsar).
Community Reference Committee

The SA Murray Darling Basin Natural Resources Management Board has established the
Lower Lakes, Coorong and Murray Mouth Community Reference Committee (CRC) to:
• Provide a forum for discussion, input and advice on the ongoing development and
implementation of the Lower Lakes, Coorong and Murray Icon Site Environmental
Management Plan;
• Act as a sounding board for the SA Lower Murray Coordinating Committee on
decisions relating to environmental flows in the Lower Lakes, Coorong and Murray
Mouth Icon Site;
• Disseminate information through local networks on Lower Lakes, Coorong and
Murray Mouth Icon Site project activities;
• Report to the SA Lower Murray Coordinating Committee on community attitudes,
issues and expectations and provide advice on actions and responses to address these;
and
• Identify and advise the SA Lower Murray Coordinating Committee of opportunities
for community information needs, participation and involvement.
The CRC reports to the SALMCC and consists of representatives from the range of
stakeholder organisations from across the Icon Site including local government, Ngarrindjeri
nation, Southern Fisherman’s Association, Boating Industry Association, SA Murray
Irrigators, Angas Bremer Water Management Committee, Goolwa to Wellington Local
Action Planning Board, Fleurieu Regional Development Corporation, SA Water Corporation,
Ramsar Taskforce and NPWS.
Barrage Operating Committee

This committee is concerned with management of the Lower Lakes and its membership
includes: the SA MDB NRM Baord, SA Water, DEH, DWLBC, River Murray Water and
local councils.
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Environmental Flows Working Group

The Environmental Flows Working Group (EFWG) was specifically established to assist the
development of the ISEMP. The group reports directly to, and seeks input from, the
SALMCC. The Group comprises members from a range of management agencies and
research providers– DWLBC (Environmental Flows and Upper South East Drainage Project),
DEH (Ramsar and National Parks), PIRSA (Fisheries), MDBC, SA Water and the South
Australian Murray-Darling Basin NRM Board.
Knowledge Advisory Group

A Knowledge Advisory Group (KAG) is being established to support Coorong, Lower Lakes
and Murray Mouth initiatives by improved targeting and coordination of research and
knowledge provision. The KAG will include representatives from key research organisations
working within the region.
CLLAMM Ecology

A cluster bid to the CSIRO National Flagship Program: CSIRO Water for a Healthy Country
(WfHC) has successfully attracted $2.1m over three years. SARDI will work in collaboration
with CSIRO, the three SA universities, AWQC, DEH and DWLBC on a multidisciplinary
project to develop system understanding, models and tools for assessing the effectiveness of
interventions to improve ecological function of the Coorong, Lower Lakes and Murray Mouth
ecosystems.
Ngarrindjeri Nation Natural Resource Management Working Group

The Ngarrindjeri Nation NRM Working Group has been recently formed through the
Indigenous Partnerships Project. Its role is to identify key NRM issues affecting Indigenous
people and to provide input to the management of these issues. The group consists of
members of key committees or groups such as the Ngarrindjeri Heritage Committee,
Ngarrindjeri Native Title Land Management Committee, Ngarrindjeri Tendi Inc, Ngarrindjeri
Land and Progress Association, Kalparrin Aboriginal Community, Lower Murray Nungas
Club Inc., Tangullun Piltengi Yunti Inc. and Nunkeri Kungullun Yunnan (Steering Committee
for the Indigenous Partnerships Project within the South Australia Murray Darling Basin
NRM Region).
In addition to the groups mentioned above, the following groups are involved in managing the
Lower Lakes, Coorong and Murray Mouth from an operational perspective.
SA Water

SA Water is responsible for the day-to-day operation of the River Murray in South Australia,
including the barrages, locks and weirs. SA Water also collects local data for a range of
parameters, including water level, tidal ratios and salinity, which help to guide the operation
of the barrages.
The DWLBC and DEH also collect complementary water level and salinity data to inform the
management of the area.
Roles and responsibilities for operating the River Murray System

Operation of the River Murray System is directed by the Murray-Darling Basin Commission’s
operational arm River Murray Water (RMW) according to the provisions of the MurrayDarling Basin Agreement and an evolving set of provisions agreed to by the Murray-Darling
Basin Commission. This role has its origins with the establishment of the River Murray
Commission in 1917.
RMW has responsibility for directing river operations, overseeing Icon Site management and
modelling to support operational decisions and policy development. The River Murray system
structures include:
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•
•
•
•
•

four major storages - Dartmouth and Hume Dams, Menindee Lakes (when under
MDBC control) and Lake Victoria
Yarrawonga Weir
thirteen weirs and locks
five barrages located near the river mouth, forming Lakes Alexandrina and Albert
a number of flow regulating structures (such as Barmah-Millewa forest regulators)

With regard to the implementation of environmental management activities in this plan,
RMW will:
• provide advice during the development of environmental flow rules and procedures to
ensure their operational feasibility;
• provide the system wide context for environmental watering through the Annual
Operating Plan for the entire River Murray System (this Plan is continually updated
to account for changing conditions as the year progresses)
• make operational decisions for River Murray System flow control works (large and
small) and issue instructions to the relevant state operating authorities–to do this
RMW coordinates River Murray system water management with that of the Snowy
Scheme and State managed river systems
• during “real time” environmental events:
monitor river levels and flows
provide forecast flow patterns
provide advice on the availability of “surplus” river flows
issue instructions to flow control structures for the management of flows and
river levels including regulator openings in coordination with advice from each Icon
Site Environmental Management Plan;
keep operational water and environmental accounts
• oversee a program by state constructing authorities to construct, operate, maintain and
renew Icon Sites (infrastructure works) on its Icon Sites Register
System operation is complex given the level of development for consumptive use, the long
travel times, location and capacity of both Icon Sites and major diverters and channel capacity
constraints across the length of the system.
The Water Liaison Committee is the forum through which the partner governments share in
making day-to-day decisions regarding water delivery and water accounting.
The EWG has agreed to establish clearly defined roles and responsibilities for the
management arrangements in this plan and other ISEMPs. However, pending this review, and
for specific flow events affecting operation of River Murray system works at specific
locations, event management groups will continue to be convened by River Murray Water in
co-operation with the River Murray Environmental Management Unit. These groups bring
together key representatives of natural resource agencies, catchment management
organisations, constructing authorities and community interest groups as necessary to ensure a
coordinated response.
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APPENDIX D: BUDGETS FOR WORKS AND MEASURES AND FURTHER DEVELOPMENT
AND IMPLEMENTATION OF THE ISEMP
Environmental Works and Measures Program 2005-2010
The table below outlines the Living Murray Environmental Works and Measures Program
projects proposed for 2005-2010 located at the Lower Lakes, Coorong and Murray Mouth
Icon Site.
I51 Environmental enhancement of Lower Lakes/Coorong/Murray Mouth
Investigations into ecology/movement of fish and their use of fishways
Options analysis &concept design for Hunters Creek regulator and fishway
Options analysis &concept design for Boundary Creek regulator and fishway
Ecological compliance monitoring
Concept design for additional remotely operated gates at Goolwa barrage

200,000
20,000
50,000
80,000
100,000

IMPLEMENTATION AND CONSTRUCTION
Detailed design and automation of 4 barrage gates at Tauwitchere to enable additional fish
passage
Detailed design and construction of Hunter’s Creek regulator and fishway
Purchase and installation of Coorong surface water monitoring infrastructure
Detailed design of Boundary Creek remotely operated gate and fishway

150,000
150,000
300,000
60,000
1,110,000

I55 Options for Improved Water Quality in the Coorong
Feasibility study and options identified for Southern Lagoon
Assessment of ecological impacts of Lake Albert channel connector
TOTAL

150,000
200,000
350,000
1,460,000

A percentage of funding for contingency activities may also be required to complete the
above works.Note: The EWMP extends beyond 2010. However, only funds earmarked for
expenditure between 2005-2010 (i.e. the life of this plan) are included above.
A further budget of $760 000 is needed to support activities to achieve the ecological
outcomes at the Lower Lakes, Coorong and Murray Mouth Icon Site. Proposed activities are
outlined in the summary budget below.
Activity

Administration

Sub-activity

Budget
2006/07

Salary & on-costs

$110 000

Operating

Icon Site Plan and Communications

Further development, review
and communications

$115 000

Monitoring and Investigations

Ecological monitoring

$490 000

Intervention Monitoring

$ 40 000

TOTAL
$760 000
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APPENDIX E: BIRD POPULATIONS IN THE COORONG AND LOWER LAKES, 2001-2004
Common names

Species

2001

2002

2003

2004

Tot #
observed

Australasian Bittern
Australasian Little Grebe
Australasian Shoveler
Australian Pelican
Australian Pratincole
Australian Shelduck
Australian Spotted Crake
Banded Lapwing
Banded Stilt
Bar-tailed Godwit
Black Swan
Black-faced Cormorant
Black-fronted Dotterel
Black-tailed Godwit
Black-tailed Native Hen
Black-winged Stilt
Blue-billed Duck
Buff-banded Rail
Cape Barren Goose
Caspian Tern
Cattle Egret
Chestnut Teal
Common Tern
Crested Tern
Curlew Sandpiper
Double-banded Plover
Eastern Curlew
Eurasian Coot
Fairy Tern
Freckled Duck
Glossy Ibis
Great Cormorant
Great Crested Grebe
Great Egret
Greenshank
Grey Plover
Gull-billed Tern
Hardhead
Hoary-headed Grebe
Hooded Plover
Lewin's Water Rail
Little Black Cormorant
Maned Duck
Musk Duck
Oriental Darter
Pacific Golden Plover

Botaurus poiciloptilus
Tachybaptus novaehollandiae
Anas rhynchotis
Pelecanus conspicillatus
Stiltia isabella
Tadorna tadornoides
Porzana fluminea
Vanellus tricolor
Cladorhynchus leucocephalus
Limosa lapponica
Cygnus atratus
Phalacrocorax fuscescens
Elseyornis melanops
Limosa limosa
Gallinula ventralis
Himantopus himantopus
Oxyura australis
Gallirallus philippensis
Cereopsis novaehollandiae
Sterna caspia
Ardea ibis
Anas castanea
Sterna hirundo
Sterna bergii
Calidris ferruginea
Charadrius bicinctus
Numenius madagascariensis
Fulica atra
Sterna nereis
Stictonetta naevosa
Plegadis falcinellus
Phalacrocorax carbo
Podiceps cristatus
Ardea alba
Tringa nebularia
Pluvialis squatarola
Sterna nilotica
Aythya australis
Poliocephalus poliocephalus
Thinornis rubricollis
Rallus pectoralis
Phalacrocorax sulcirostris
Chenonetta jubata
Biziura lobata
Anhinga melanogaster
Pluvialis fulva

0
20
2
783
0
302
0
0
7171
0
188
0
0
0
41
11
0
36
0
3
0
2322
0
23
292
0
0
167
255
0
0
68
39
90
31
0
0
78
6562
1
0
827
2
13
0
0

0
0
439
3289
0
1583
1
4
7539
191
8206
0
0
12
79
1028
0
0
922
839
0
4944
0
2556
665
0
13
4682
185
2
115
949
341
164
367
0
0
1794
4294
6
16
1364
0
772
152
16

1
21
2243
20893
7
26840
4
42
8551
113
29703
97
6
368
9
2727
14
0
2162
4984
46
9835
7
8852
1834
228
48
68393
1190
453
70
18755
3919
751
1603
5
13
1179
15357
14
2
8822
88
4433
91
34

4
9
2052
17697
0
21421
2
65
18520
166
23815
147
5
410
211
2811
6
0
3458
2667
18
9527
2
7626
1580
125
147
25618
1198
197
73
12630
4737
505
2169
0
20
2179
12642
20
0
5361
31
4876
85
59

5
50
4736
42662
7
50146
7
111
41781
470
61912
244
11
790
340
6577
20
36
6542
8493
64
26628
9
19057
4371
353
208
98860
2828
652
258
32402
9036
1510
4170
5
33
5230
38855
41
18
16374
121
10094
328
109
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Common names
Pacific Gull
Pied Cormorant
Pied Oystercatcher

Species
Larus pacificus
Phalacrocorax varius
Haematopus longirostris
Malacorhynchus
Pink-eared Duck
membranaceus
Purple Swamphen
Porphyrio porphyrio
Red Knot
Calidris canutus
Red-capped Plover
Charadrius ruficapillus
Red-kneed Dotterel
Erythrogonys cinctus
Red-necked Avocet
Recurvirostra novaehollandiae
Red-necked Stint
Calidris ruficollis
Royal Spoonbill
Platalea regia
Ruddy Turnstone
Arenaria interpres
Sharp-tailed Sandpiper Calidris acuminata
Spotless Crake
Porzana tabuensis
Straw-necked Ibis
Threskiornis spinicollis
Whiskered Tern
Chlidonias hybridus
White-necked Heron
Ardea pacifica
White-winged Black Tern Chlidonias leucopterus
Yellow-billed Spoonbill Platalea flavipes
Total no. of species observed

18

2002
16
170
123

2003
12
8347
957

2004
16
4645
884

Tot #
observed
44
13162
1982

418
0
0
128
0
236
2345
1
0
67
0
0
209
0
0
1

908
4
1
313
42
6386
12126
108
4
6782
0
65
4052
0
0
91

1772
970
20
1391
146
14569
39149
576
2
15226
2
2721
27805
0
7
257

1250
578
0
1297
197
11362
28943
506
2
16168
1
3282
26003
3
6
168

4348
1552
21
3129
385
32553
82563
1191
8
38243
3
6068
58069
3
13
517

34

49

63

60

681 806

2001
0
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APPENDIX F: FISH SPECIES FOUND AT THE ICON SITE
COMMON NAME
Native Species
Climbing Galaxias
Pouched Lamprey
Short-headed Lamprey
Common Galaxias
Shortfin Eel
Estuary Perch
Congolli
Jumping Mullet
Yellow-eye Mullet
River Garfish
Black Bream
Bridled Goby
Smallmouth Hardyhead
Tamar Goby
Bluespot or swan river Goby
Greenback Flounder
Lagoon Goby
Flathead Gudgeon
Silver perch
Murray Hardyhead
Fly specked Hardyhead
River Blackfish
Mountain Galaxias
Carp Gudgeon Complex
Spangled Perch
Murray Cod
Golden Perch
Crimson Spotted Tainbowfish
Purple spotted gudgeon
Southern Pygmy Perch
Bony Bream
Redfin
Dwarf Flathead Gudgeon
Australian sSmelt
Freshwater eel-tailed Catfish
Mulloway
Sea Mullet
Blue Grouper
Ornate Cowfish
Australian Herring
Australian Salmon
Red Gurnard
Prickly Toadfish
Sand Fish
Southern crested Weedfish
Southern Anchovy
Old Wife
Gunn's Leatherjacket

SCIENTIFIC NAME

Native Species
Galaxias brevipinnis
Geotria australis
Mordacia mordax
Galaxias maculatus
Anguilla australis
Macquaria colonorum
Pseudaphritis urvillii
Liza argentea
Aldrichetta forsteri
Hyporhamphus regularis
Acanthopagrus butcheri
Arenigobius bifrenatus
Atherinosoma microstoma
Favonigobius tamarensis
Pseudogobius olorum
Rhombosolea tapirina
Tasmanogobius lasti
Philypnodon grandiceps
Bidyanus bidyanus
Craterocephalus fluviatilus
Craterocephalus stercusmuscarum fulvus
Gadopsis mormoratus
Galaxias olidus
Hypseleotris spp.
Leiopotherapon unicolor
Maccullochella peeli
Macquaria ambigua
Melanotaenia fluviatilis
Morgunda adspersa^
Nannoperca australis
Nematolosa erebi
Perca fluviatilis#
Philypnodon sp.
Retropinna semoni
Tandanus tandanus
Argyrosomus hololepidotus
Mugil cephalus
Achoerodus gouldii
Aracana ornata
Arripis georgianus
Arripis truttaceus
Chelidonichthys kumu
Contusus brevicaudus
Crapatalus arenarius
Cristiceps australis
Engraulis australis
Enoplosus armatus
Eubalichthys gunnii
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South Australian Cobbler
Red Gurnard Perch
Striped Perch
Longnose Weedfish
Big-bellied Seahorse
Sandy Sprat
Southern sea Garfish
Zebra Fish
Six-spined Leatherjacket
Goblin Shark
Black-spotted Gurnard Perch
Common Gurnard Perch
Snapper
Velvet Leatherjacket
Common Seadragon
Southern saw Shark
Trevally
Rough Leatherjacket
King George Whiting
Blue Sprat
Short-snouted Pipefish
Smooth Toadfish
Richardson's Toadfish
Exotic species
Goldfish
Carp
Eastern Gambusia
Rainbow Trout
Brown Trout
Tench

Gymnapistes marmoratus
Heliocolenus percoides
Helotes sexilineatus
Heteroclinus tristis
Hippocompus abdominalis
Hyperlophus vittatus
Hyporhamphus melanochir
Melambaphes zebra
Meuschenia freycineti
Mitsukurina owstoni
Neosebastes nigropunctatus
Neosebastes scorpaenoides
Pagrus auratus
Parika scaber
Phyllopteryx taeniolatus
Pristiophorus nudipinnis
Pseudocaranx dentex
Scobinichthys granulatus
Sillaginodes punctatus
Spratelloides robustus
Syngnathus curtirostris
Tetractenos glaber
Tetractenos hamiltoni
Exotic Species
Carassius auratus#
Cryprinus carpio#
Gambusia holbrooki #
Oncorhynchus mykiss#
Salmo trutta#
Tinca tinca#
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APPENDIX G:

SALINITY DEFINITIONS (AND UNIT CONVERSION)

Salinity is usually measured as electrical conductivity (EC), the amount of electricity
conducted between two metal plates placed in water by the dissolved salts. The stronger the
current, the more salts, the higher the EC reading. EC readings do not tell you what types of
salts are present (e.g. sodium, calcium, chloride etc) but measure conductivity of all the
dissolved salts together. EC is usually measured in micro Siemens per cm, µS/cm. The
conversion from EC or µS/cm to other units that use weight of salts per volume of water, such
as mg/L, depends on the temperature of the sample, thus the conversions below are
approximate for water of 250C.
COMMON SALINITY UNITS
EC = Electrical conductivity, measures electrical conductance of all the salts dissolved in
water
µS/cm = micro Siemens per cm, the standard measure for EC (EC units = µS/cm)
mS/cm = milli Siemens per cm, mS/cm x 1 000 = µS/cm
dS/cm = deci Siemens per m, dS/m x 1 000 = µS/cm
mg/L = milligrams of dissolved salts per litre of water
ppm = parts per million, ppm=mg/L based on 1 000 g of water = 1 litre
ppt = parts per thousand, ppt = ppm ÷ 1 000
gpg = grains per imperial gallon
TDS = Total Dissolved Solids, measured by drying a known volume of water and measuring
weight of salt residue, usually expressed as mg/L.
UNITS
DEFINITIONS
FRESH
MARGINAL
BRACKISH
ESTUARINE
MARINE (SEA WATER)
HYPERSALINE
SALINITY (EC)
0
800
1 500
2 500
5 000
5 500
10 000
11 000
14 500
16 500
20 000
22 500
55 000
100 000
649 000

EC,
µS/cm
0 - 900
900 – 2 700
2 700 – 9 100
9 100 – 55 000
55 000
Over 55 000

mg/L,
ppm
0 - 500
500 – 1 500
1 500 – 5 100
5 100 –36 000
36 000
Over 36 000

gpg
0 - 35
35 - 105
105 - 350
350 - 2500
2 500
Over 2 500

IMPACTS/CONDITIONS
Distilled Water
Target for Adelaide’s supplies (Morgan)
Maximum for hot water systems
Maximum for people
Irrigated crop losses start
Maximum for dairy cows and poultry
Maximum for horses
Maximum for lambs and breeder ewes, Yabbie growth
slows
Yabbie growth ceases
Maximum for Beef Cattle
Maximum for many trees
Maximum for sheep
Sea water
Maximum for salt bush
Saturated NaCl, Salt Lakes
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Unit

Symbol

grain per
(imperial) gallon

gpg

Electrical Conductivity Unit

EC

= micro-Siemen per cm

uS/cm

deci-Siemen per metre

dS/m

= milli-Siemen per cm

mS/cm

parts per million

ppm

= milli-gram per Litre

mg/L

mS/cm X 100 = uS/cm

uS/cm X 0.6 = ppm

ppm ÷ 14.2 = gpg
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APPENDIX H: MACROINVERTEBRATES OF THE LOWER LAKES, COORONG AND
MURRAY MOUTH
Class
Crustaceans

Polychaetes

Gastropods

Bivalves

Insects

Scientific Name
Australomysis sp.
Melita zeylanica
Paracorophium sp.
Megamophopus sp.
Amarinus lacutris
Macrobrancium
intermedium
Carcinus maenas
Paragrapsus gaimardii
Ceratonereis
pseudoerythraensis
Nephyts australiensis
Australionereis ahlersi
Ficopomatus enigmaticus
Boccardia chilensis
Capitella capitata
Capitellides sp.
Fabriciinae
Prionospio cirrifera
Questidae
Mydrobia buccinoides
Salinator fragilis
Tatea rufilabris
Notospisula trigonella
Arthritica semen
Tellina mariae
Soletellina donacioides
Tanytarsus barbitarsus
Ephydrella sp.
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APPENDIX I: TARGET AREAS MAP
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APPENDIX J: A REVIEW OF HYDROLOGICAL INDICATORS FOR THE MURRAY MOUTH,
COORONG AND LOWER LAKES ICON SITE

Technical Report 2006/05
March 2006
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1. Introduction
The area encompassing the Murray Mouth, Coorong and Lower Lakes is one of the six Icon Sites of
the Murray-Darling Basin as outlined through the Living Murray (TLM) first step decision (MurrayDarling Basin Commission, 2005a; 2005b). The Icon Site is located at the downstream end of the
River Murray system and covers an area of some 140 000 hectares, extending 140 km along the
south eastern coast of South Australia. The Icon Site is comprised of two large fresh water lakes
(Lake Alexandrina and Lake Albert, The Lower Lakes) and a large intertidal estuarine area (the
Coorong). The Coorong can be further subdivided into three hydrologic areas based on salinity and
connectivity with the Southern Ocean: the Murray Estuary; the North Coorong and the South
Coorong. The relatively fresh water of the Lower Lakes is separated from the saline water of the
Coorong by a series of barrages. The Murray Estuary is connected to the Southern Ocean via the
Murray Mouth.
The Murray Mouth, Coorong and Lower Lakes, are nationally significant wetland areas recognised as
being of international importance under the Ramsar Convention (Department of Environment and
Heritage, 2000). It is one of the ten major areas for large concentrations of waders in Australia.
Thirty-three of the bird species found in the area are listed under international treaties. A large
number of marine and freshwater fish species also inhabit the area with it being an important nursery
and feeding area for key commercial and non-commercial fish species. The area represents
significant intrinsic value for the broader community and has strong spiritual and cultural meaning for
indigenous people.
Since the 1880s the River Murray system has undergone significant development which has
dramatically reduced the volume of flow moving through the Lower Lakes, Coorong and the Murray
Mouth (Murray-Darling Basin Commission, 2005b). At the barrages, the median annual outflow from
the Murray system to the sea is now 27% of the natural outflow (Maheshwari et al., 1993; Gippel et
al., 2002). This suggests that approximately two thirds of the water volume that once flowed through
the Lower Lakes and Coorong to the sea is now being diverted or lost from storages further
upstream. The construction of the barrages in the 1940s further disrupted the flow of water through
the Icon Site. The barrages were constructed to prevent the ingress of saline water during periods of
low flows into the Lower Lakes and up along the River Murray channel. This has had a number of
consequences:
•

the area of the Murray Estuary has been reduced by approximately 80%. This has increased
the effect coastal processes have in driving the hydrodynamic, ecological and littoral
processes within the estuary;

•

it has introduced a sharp, ridged salinity gradient across the barrages where once there
would have been a gentle salinity gradient, the location of which would have fluctuated due to
flow volumes;

•

it has kept the Lower Lakes at an artificially high level which has degraded a large
percentage of the intertidal habitats around the Lower Lakes and has increased the risk of
wind induced foreshore erosion.

Due to the significant intrinsic value of the Icon Site there has been a large amount of work
undertaken to classify and predict the ecological, hydrodynamic and littoral processes of the Murray
Mouth, Coorong and Lower Lakes. Phillips et al. (2005) discussed the ecological character of the
Icon Site including the key environmental drivers and processes. The Murray-Darling Basin
Commission (2005b) describes the information base of the Icon Site in terms of its values and
condition. Following on from The Living Murray foundation report the Murray-Darling Ministerial
Council (2005) has developed an environmental management plan of the Icon Site including a list of
key environmental indicators and objects. Webster (2005) has investigated the hydrodynamic
processes of the Coorong and the Murray Mouth including the connectivity of the South and North
Coorong with the Murray Estuary and hence the Southern Ocean.
This report seeks to establish the hydrological indicators and benchmark modelling runs which will be
used to evaluate future environmental flows, under The living Murray initiative, and water
management strategies to obtain more sustainable ecological outcomes for the Icon Site.
Environmental flows and management strategies will be modelled by the Murray-Darling Basin
Commission’s MSM-Bigmod models (Close and Sharma, 2003). MSM-Bigmod model simulates the
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operation of the River Murray under a given set of conditions, through a 109 year historic sequence
(1891 – 2000) on a daily time step. The indicators listed in this report are designed to provide longterm statistics for a given model run allowing different operating scenarios to be compared and
evaluated.
2. Hydrological Indicators
A set of hydrological indicators have been developed for the Murray Mouth, Coorong and the Lower
Lakes Icon Site to facilitate the comparison of different operating scenarios and the impact they may
have on the long term environmental, economic, social and cultural use of the Icon Site. The set of
indicators, which will be discussed in this section, have been developed both from the literature and
discussions with the key stakeholders within the South Australian Government. The indicators
developed attempt to provide information on the Icon Site’s key hydrological parameters for a range
of different users.
2.1.

Lower Lakes Water Levels

Longer-term trends in the Lower Lakes water levels are influenced by River Murray inflows, runoff
from local catchments, barrage releases, net evaporation rates and water diversions. A number of
key levels for the Lower Lakes have been established (refer to Table 1). The levels focus on the
operation of the barrages and the impact water levels have on irrigators who depend on the Lake
levels remaining high.
On the 23rd of January 2006 the Barrage Operating Strategy Working Group developed a preliminary
ecological envelope for Lake levels. The envelope defines an upper and lower bound for Lake levels
during each month of the year to achieve the best ecological outcomes for the whole Icon Site. The
envelope that was developed by the Working Group is shown in Figure 1 as the grey shaded area.
As a comparison the two lines shown are the nominal surcharge level (presented as the dotted line at
0.85 mAHD) and the nominal fully supply level (presented as the unbroken line at 0.75 mAHD). The
box plots shown in Figure 1 are the total and monthly statistics for the daily Lake Alexandrina water
level over the last 34 years (between Jan 1972 and Mar 2006). The daily Lake Alexandrina level is
the water level averaged at 5 stations around the Lake (note that not all measurement stations
extend for the whole 34 year period). There is a pronounced seasonal variation in water level with
higher water levels seen in the spring and lower levels in autumn. During the spring the Lake is
surcharged to provide acceptable storage over the summer months when there is a high demand for
water and high evaporation rates. The ecological envelope is generally matched by current
operations during the spring, but during other times the Lakes are kept at a higher level than would
be optimum from an ecological point of view.
Table 1 Key water levels for the Lower Lakes
Lake Level
(mAHD)

Comments

0.85

The lakes are essentially full with no air space left; nominal surcharge level.

0.81

Lake Alexandrina starts to spill into the Coorong across the islands via the
spillways.

0.75

Nominal full supply level.

0.61

Minimum lake level to enable flood irrigation in the Lower Murray irrigation area
below Lock 1.

0.50

Below this level recreational boat access to lakes starts to become limited.

0.45

The lakes level starts to impact irrigators’ access to water around the lower
lakes. Water level falls below pump intakes.

0.35

The lakes level significantly impacts irrigators’ access to water around the
lower lakes. Water level falls below pump intakes.
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Figure 1 Ecological envelope compared against the measured average daily Lake Alexandrina
water levels over the last 34 years (Source: MDBC operations database).
In terms of the modelling undertaken within this report both Lake Alexandrina and Lake Albert are
assumed to have the same water level. In the model they are defined as separate reaches, however,
the connection between the two is such that over a daily time step there is very little difference in
water level. It should be noted that significant shorter term trends in water level are observed due to
local weather systems passing over the Lakes which can cause substantial wind and wave set-up.
Water level variations of up to 0.6m by wind seiche are common (Murray-Darling Basin Ministerial
Council, 2005). This has a negative impact on irrigators’ access to water, barrage operations and
foreshore erosion, but is very important to the wetland and floodplain areas surrounding the Lower
Lakes (Murray-Darling Ministerial Council, 2005).
Table 2 presents the hydrological indicators and proposed targets for the Lower Lakes level. The first
three indicators provide information on how close a given run is to achieving the range suggested by
the ecological envelope (shown in Figure 1). Indicator 001 gives the percentage of days the Lake
level lies above the upper range of the envelope, while indicator 002 gives the percentage of days the
Lake is below the minimum range of the envelope. The percentage of days the Lake spends within
the envelope is shown as indicator 003. These three indicators should sum to 100%. Whether a
given run has a greater percentage of days above or below the ecological envelop is an important
distinction. If the Lake level is above then water can be released from the barrages to reduce the
Lake level, however if it is below then we can only close the barrages and hope the situation
improves. Indicator 004 provides information on the minimum daily level that was achieved during a
given run. The minimum value should be above a value of 0.35m AHD which is the level at which
water extraction for irrigation is no longer possible.
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ID

Table 2 Hydrological indicators for the Lower Lake Levels
Description

Target

001

% of days when the lake level is greater than the upper level of DWLBC
ecological envelope

minimise

002

% of days when the lake level is less than the lower level of DWLBC
ecological envelope

minimise

003

% of days when the lake level is within the DWLBC ecological envelope

maximise

004

minimum daily lake level

> 0.35

005

maximum rate of change in lake level between December and February
(m/day)

< 0.02

006

% of days when lake level changes more than 0.02 m/day between
December and February

007

% of days where the level is less than 0.5

minimise

008

% of days where the level is less than 0.45

minimise

009

% of years minimum yearly level is less than 0.45

minimise

010

% of days where the level is less than 0.35

minimise

011

longest period in days when lake level is less than 0.35

minimise

012

% of years with a lake level less than 0.35 for a period of 5 days or
longer.

zero

zero

All levels are in mAHD
Indicators 005 and 006 provide information on the rate of fall of the Lake levels between the months
of December and February. For successful seeding and general growth flowering aquatic plants
require that the Lake level changes slowly between the months of December and February (Barrage
Operating Strategy Working Group, 23rd January 2006). The rate of change in Lake level should
ideally be less than 2 cm/day.
Indicator 007 provides the percentage of days the Lake is not a useable resource for recreational
boating. As shown in Table 1 when the Lake drops to 0.5 mAHD the use of the Lakes by recreational
boats becomes limited due to the water depth around marinas becoming too shallow for boats to
navigate through. The last 5 indicators are included to give an indication of the level of risk
associated with failure of the Lakes as a water storage reservoir. Lake levels below 0.45 mAHD will
start to impact on irrigators who use the Lower Lakes as a water supply reservoir, while below
0.35 mAHD extraction becomes infeasible. The last indicator represents a condition where crops will
start to die due to a lack of irrigation water. The target is to have zero percentage of years in which
the Lake level drops below 0.35 mAHD for 5 days or more. Using a level of 0.35 mAHD is somewhat
arbitrary due to the substantial short-term variation in Lake levels; however, as an average value it
gives a reasonable indication of the level of risk.
The Lower Lakes are an important Icon Site for a number of different users. In terms of improving
foreshore ecology the best outcomes would be achieved if the Lake levels were allowed to fluctuate
naturally during the year. However, in terms of the Lower Lakes as a water storage reservoir the
Lakes would ideally be surcharged in spring to retain the maximum volume of water possible, thus
allowing the Lakes to be drawn down over the hotter summer months. The indicators presented in
Table 2 have been developed to enable the risks for different users to be compared and discussed
across a number of different modelling runs which simulate different operating scenarios.
Foreshore erosion is a major issue around the Lower Lakes, especially on the northern and western
shores of the Lakes. There is little direct information available on the effect Lake levels may have on
foreshore erosion, but it is thought that lowering the Lake to 0.55 mAHD could be beneficial. This is
due to the sediments which are most susceptible to erosion lying above this level (Murray-Darling
Basin Ministerial Council, 2005). Keeping the Lake at this low level is not practical in terms of
operating the Lake as a water storage reservoir. A more ecologically sustainable approach would be
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to manipulate Lake levels via the ecological envelope and improve farming practices to encourage
the growth of foreshore plants around the Lake edge. Due to the uncertainty about foreshore erosion
no indicators have been included which specifically flag this issue.
The unconfined aquifer which surrounds the Lower Lakes has salinities ranging between
10 000 and 20 000 EC (Murray-Darling Basin Ministerial Council, 2005). Parsons (2000) suggested
that Lake levels lower than 0.65 mAHD could increase salt loads to the Lakes from the local
groundwater. As with foreshore erosion little evidence exists to back up this suggestion. Hence, no
indicators have been included which specifically flag a level of 0.65 mAHD as an issue.
2.2.

Barrage Flows

The barrages were constructed between 1935 and 1940 to reduce the risk of saltwater intrusion into
the Lower Lakes and up along the river channel, thus providing a more reliable water source for
irrigation and navigation. They control the volume of fresh water entering the Murray Estuary and
Coorong. The flows released from the barrages impact the salinity levels in the Murray Estuary and
Coorong (Webster 2005) as well as impacting the congestion of the Murray Mouth (Walker 1990;
Walker and Jessup 1992; Close, 2002; Walker 2002). As indicated in Table 1 Lake levels above 0.81
mAHD spill across the lower areas in-between the barrages into the Coorong and Murray Estuary,
but below this level the releases are directly controlled by the barrage operators as directed by River
Murray Water. It is hoped that a major outcome of this work is that a more ecologically sustainable
Barrage Operating Strategy can be developed to manage the release of water through the barrages
(Murray-Darling Basin Ministerial Council, 2005).
There are five separate barrage structures: Goolwa, Mundoo, Boundary Creek, Ewe Island and
Tauwitchere Barrages. In total these structures are composed of 593 gate bays. A fishway trial has
been undertaken with three gates, one on the Goolwa Barrage and two on the Tauwichere Barrage
being replaced by fishways that allow for the migration of fish between the Lower Lakes and the
Coorong. How effective these devices are in helping fish migrate is been investigated. Flow through
all three fishways under expected operating conditions is in the order of 80 to 120 ML/day. To
increase the efficiency of the fishways it would be beneficial to have an attractant flow with the
adjacent gate open as well. For the Goolwa Barrage the attractant flow is in the order of 250 ML/day
(top stop log removed), while at Tauwichere it is the order of 300 ML/day/gate. Hence, for the
optimal operation of the fishways approximately 1 000 ML/day needs to be released.
Table 3 lists the hydrological indicators and proposed targets for barrage flow. Barrage flow relates
to the total flow through all five individual barrage structures and fishways. Indicator 051 in Table 3
gives the average yearly flow being discharged from the barrages that will enable any change in the
evaporative loss to be identified. The next two (indicators 052 and 053) are low flow indicators and
give an indication of the periods when there is no flow through the barrages. This is in terms of
percentage of days during the 109 year simulation in which there are no flows and the longest period
during the simulation in which this condition occurs.
Indicators 054 to 061 provide information as to when the fishway on a given barrage can be
operated. The most important time of year for fish migration is between the months of August and
February (Murray-Darling Basin Ministerial Council, 2005). Once open the fishways are required to
stay open for an extended period that gives the migratory fish species time to return to their habitats
after spawning. Two nominal limits of 30 and 90 days have been chosen, but the longer the fishways
can stay open during this time the better.
The last three indicators in Table 3 have been included to give an indication of the level of risk
associated with the closure of the Murray Mouth. Walker (2002) suggested that increasing barrage
flows by approximately 2 000 ML/day above entitlement would significantly reduce the percentage of
years the Mouth is at risk of closing. This constant base flow regime would be more effective than
one big flow event each year in maintaining an open Mouth. Based on the work undertaken by
Walker (2002) a flow value of 2 000 ML/day has been flagged as giving an indication of the risk
associated with the Mouth closing in any given year. Flows above this level indicate low risk while
flows below indicate a high risk associated with the Mouth closing. Indicator 062 gives the
percentage of days when the flow is above 2 000 ML/day; ideally this value should be as high as
possible. Keeping the Mouth open during the summer months is very important for maintaining a

Lower Lakes, Coorong and Murray Mouth Icon Site Environmental Management Plan 2006-07

143

flow connection with the Coorong; so indicator 063 has been included to provide information on the
summer months. Indicator 064 gives the longest period in days when the flows are less than 2
000 ML/day. The higher the number of days, the higher the risk associated with the Mouth closing.

ID

Table 3 Hydrological indicators for the flow through the barrages
Description
Target

051

average total yearly flow (GL/year)

maximise

052

% of days when there are no flows

minimise

053

longest period in days where there are no flows

minimise

054

% of days when flow is greater than 120

maximise

055

% of days when flow is greater than 120 between the months of August
and February

maximise

056

% of years with a flow event greater than 120 for a period greater than
30 days between the months of August and February.

maximise

057

% of years with a flow event greater than 120 for a period greater than
90 days between the months of August and February.

maximise

058

% of days when flow is greater than 1000

maximise

059

% of days when flow is greater than 1000 between the months of
August and February

maximise

060

% of years with a flow event greater than 1000 for a period greater than
30 days between the months of August and February.

maximise

061

% of years with a flow event greater than 1000 for a period greater than
90 days between the months of August and February.

maximise

062

% of days when flow is greater than 2000

maximise

063

% of days when flow is greater than 2000 between the months of
December and March

maximise

064

longest periods in days when flows are less than 2000

minimise

All flows are in ML/day
2.3.

Salinities of the Lower Lakes

The two Lower Lakes have different salinity ranges. Lake Alexandrina has lower salinities with a
range approximately between 400 and 1 200 EC compared to Lake Albert with an approximate
salinity range between 1 300 and 3 000 EC (Murray-Darling Basin Ministerial Council, 2005). This
difference in salinities is due to a number of reasons. Lake Alexandrina is directly connected to the
fresher inflows from the Murray and the Eastern Mount Lofty Ranges and water is directly discharged
from the Lake into the Coorong via the barrages. In contrast Lake Albert receives limited inflows from
its local catchment and is not directly connected to the River Murray or barrages. Both lakes receive
saline groundwater from the surrounding aquifer that has salinities ranging between 10 000 and 20
000 EC (Murray-Darling Basin Ministerial Council, 2005). However, the Lake level at which this
occurs is not well known. Parsons (2000) indicated that Lake levels lower than 0.65 mAHD could
increase the movement of saline groundwater into the Lakes.
Table 4 presents the hydrologic indicators for the salinity levels in the Lower Lakes. The indicators
provide some general statistics about the salinity levels achieved during a given modelling run. This
is important for the irrigators around the two Lakes who use them as a water source. Indicators 101
and 103 provide the average daily salinity achieved for Lake Alexandrina and Lake Albert
respectively, while indicators 102 and 104 provide the 95th percentile daily salinities for the two
Lakes. The 95th percentile indicates that the salinity is at or below this level 95% of the time. The
95th percentile was used to connect it with the 95th percentile salinity value quoted at Morgan. As
shown by the target values listed in Table 4 the lower the salinity the better.
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ID

Table 4 Hydrological indicators for Lower Lakes salinities
Description

101

Lake Alexandrina’s average daily salinity
th

Target
minimise

102

Lake Alexandrina’s 95 percentile daily salinity

minimise

103

Lake Albert’s average daily salinity

minimise

104

2.4.

th

Lake Albert’s 95 percentile daily salinity

minimise

Murray Mouth Opening Index

The Murray Mouth is a narrow dynamic tidal inlet that connects the Murray Estuary to the Southern
Ocean. Prior to the construction of the barrages the inlet connected a large estuarine area of
approximately 750 km2 (Webster 2005) with a tidal prism in the order of
20 000 ML during spring tides (Walker 1990). Since the construction of the barrages the tidal prism
has been reduced by an estimated 87-96% (Harvey, 1996) and this has had a significant impact on
the inlet, the Murray Estuary and the Coorong. The construction of the barrages has caused the
Estuary to shift equilibrium with the wave climate now playing a greater role in the hydrodynamic and
littoral transport systems within the Estuary. Waves now force a larger volume of sediment into the
Mouth than would have been the case under natural conditions. This has caused the area around
the Murray Mouth to become congested with sediment blocking the inlet during periods of extended
low flows which are now more frequent (Murray-Darling Basin Commission, 2005b) and covering the
adjacent mud flats with sandy sediments washed in from Encounter Bay (Murray-Darling Basin
Ministerial Council, 2005).
The modelling undertaken for this study does not attempt to model the littoral processes of the
Murray Mouth directly, but infers the condition of the Mouth by using the flow over the barrages and
the empirically derived Walker Mouth Opening Index (WMOI) (Walker 2002). A WMOI close to zero
indicates a congested Mouth which is nearly closed while a WMOI close to unity indicates an open
Mouth that has little impact on the tidal exchange (Webster 2005).
The hydrologic indicators for the possible congestion of the Murray Mouth are presented in Table 5.
The model has a daily time step, but there is little information to be gained in calculating daily
statistics for the WMOI as it gives an indication of trends over a longer period such as months or
years. The first two indicators (indicators 151 and 152) listed in Table 5 give an indication on how
congested the Mouth is likely to be for a given model run, with the average monthly and yearly WMOI
reported. Indicator 153 provides information on the percentage of years the Mouth is likely to be at a
high risk of blockage during a given simulation. The final indicator (indicator 154) provides
information of the longest period in months that the Mouth is closed during a simulation.

ID

Table 5 Hydrological indicators for Murray Mouth congestion
Description

151

average monthly WMOI

maximise

152

average yearly WMOI

maximise

153

% of years with a yearly minimum WMOI less than 0.05

minimise

154

longest period in months with a monthly WMOI less than 0.05

minimise

2.5.

Target

Other Indexes

There are a number of other indicators that look at the region as a whole; these indicators are listed
in Table 6. The first two indicators (201 and 202) listed in Table 6 are the sustainable rivers audit
(SRA) index indicators for zone 8 upstream of the barrages and the Murray Valley respectively. The
last indicator (indicator 203) provides the cost of salinity to South Australia.
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Table 6 Other hydrological indicators
ID

Description

Target

201

SRA zone hydrology index for zone 8 u/s of barrages

1.000

202

SRA valley hydrology index

1.000

203

average SA salinity costs ($m/year)

minimise

There have been a large number of other hydrological indicators previously developed by the MDBC
for the modelling of the Murray Mouth, Coorong and Lower Lakes key environmental Icon Site. The
rest of these indicators will not be discussed in detail as part of this report, but have been included as
Appendix A.
Recently Econsearch et al. (2005) have developed a decision support system (DSS) for the Lower
Murray region which takes a MSM-Bigmod output file and develops a risk matrix for a number of key
economic and environmental indicators. The output from Econsearch et al. DSS may be reported on
in the future; however, due to the draft nature of the software this method of evaluating a given
modelling run will not be included in this report. For a discussion of the Lower Murray DSS the
reader is referred to Econsearch and Australian Water Environments (2005) and Econsearch et al.
(2005).
3. Hydrological Modelling
Different operating scenarios are modelled using the Murray-Darling Basin Commission’s long-term
daily river routing model MSM-Bigmod. MSM-Bigmod simulates the operation of the River Murray
under a given set of conditions, through a 109 year historic sequence (1891 – 2000) with a daily time
step (Close and Sharma, 2003). This section will present the indicator values for two sets of
modelling runs: the benchmark runs and the water recovery runs. The benchmark runs establish a
starting point against which future modelling runs will be compared. The water recovery runs have
been established to simulate the reduction in water diversions under The Living Murray Initiative
(Murray-Darling Basin Commission, 2005a; 200b).
3.1.

Benchmark Runs

Three benchmark runs have been established by the Murray-Darling Basin Commission to simulate
the natural, current and The Living Murray (TLM) baseline conditions. Natural conditions are
simulated by running the model with a scenario in which all river storages are ‘removed’ (volumes set
to zero) and all diversions set to zero. Tributary inflows are derived from natural conditions model
runs provided by states agencies. The current benchmark simulates the way the river system is
currently managed with the current level of storage and diversions being simulated by the model.
The TLM baseline conditions simulate the operation of the river at the end of August 2003 and it is
against these conditions water recovery volumes are determined. Under the TLM benchmark
Victorian and South Australian diversions are at cap levels while diversions in New South Wales are
at the current level.
The maximum water height the Lower Lakes achieved during a modelling run are set explicitly within
the model. For the initial current and TLM baseline modelling runs the Lake level has been set at a
maximum height of 0.85 mAHD which was chosen as it gives the best agreement with how the Lower
Lakes are currently operated. This benchmark Lower Lake level was agreed upon by the key
th
stakeholders at the Barrage Operating Workshop held in Adelaide on the 15 of March 2006.
Any flow into the Lakes when the Lake levels are at this value moves directly through the Lakes and
spills into the Coorong. The natural run simulates the condition where the barrages are removed
hence the Lake levels are allowed to fluctuate according to flows moving through the Lakes. The
differences in the Lake levels under the three baseline runs can been see more clearly as the Lake
level histogram shown in Figure 2. The natural condition is for the Lakes to fluctuate over levels
ranging from 0.1 to 0.5 mAHD. Under the two developed baseline runs (current and TLM) the
barrages hold the water at a height between 0.8 and 0.9 over 70% of the time.
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Figure 2 Lower Lake level histogram for the baseline runs
The values that the Lake level indicators (refer to Table 2) achieved for the three baseline runs are
presented in Table 8. As shown by these indicators, the main difference between the current and
TLM baseline runs is the failure rate of the Lakes as a water storage reservoir. The Lake drops to
lower levels slightly more often. This is due to the volume of water flowing into the Lakes being
reduced under the TLM conditions compared to the current conditions. As you would expect the
major differences in indicator values is between the natural baseline run and the two developed
(current and TLM) baseline runs. Under natural conditions the Lake has a lower average level and it
fails, from an irrigator’s point of view, at a much greater rate compared to the runs where the
barrages have been included. Interestingly, the Lake level drops more rapidly (indicator 004) in the
summer months than was suggested as a target rate of change in Table 2 (a target rate of change of
2 cm/day compared to a modelled natural value of 3.9 cm/day).
The time the Lake level spends within the ecological envelope (indicator 003, Table 2) is also lower in
the natural baseline run than was achieved by the current and TLM baseline runs. The ecological
envelope was developed to give the best possible ecological outcomes based on the Lower Lakes
being used as a water storage reservoir, hence, under the natural benchmark the indicator moves
away from the target values shown in Table 2. To illustrate this point Figure 3 presents the monthly
distribution for Lower Lake level for the three baseline conditions with the ecological envelope
superimposed on the chart. The natural conditions are on average much lower than the range of the
ecological envelope while the Lake levels under the developed conditions are on average higher than
the envelope. The current and TLM baseline runs obtain their maximum values in late winter and
spring then drop over the summer months as losses and diversions increase and so match the
ecological envelope more closely. An interesting point is that the shape of the ecological envelope
generally matches the shape of the natural benchmark as predicted by the model.
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Figure 3 Monthly distributions of mean Lower Lake levels for the baseline runs.
Table 9 presents the values achieved for the barrage flow indicators (refer to Table 3) using the three
baseline runs. Again there is a slight difference between the current and TLM baseline runs with the
total volume of flow being reduced under the TLM baseline condition compared to the current
conditions. The biggest change, however, is between the natural baseline run and the two developed
(current and TLM) baseline runs. There is a 40% reduction in the average yearly flow between the
natural and TLM benchmark runs and this illustrates the substantial reduction in flow volumes moving
through the Icon Site due to the development of the catchment. Under the two developed baseline
conditions the percentage of time that there is flow available for the operation of the fishways has
been reduced from greater than 95% of the time under the natural conditions to around 60% under
the developed conditions. The percentage of time that the flow is greater than 2 000 ML/day, which
is important to reduce the risk of the Mouth closing, is almost halved under the developed conditions
compared to the natural conditions.
Table 10 presents the values of the Lower Lake salinity indicators for the three baseline runs. These
indicators were presented in Table 4 with target values shown. There are only slight differences
between the mean Lake Alexandrina’s salinity levels under the three baseline conditions with the
developed conditions showing higher salinity compared to the natural runs. The 95th percentile
salinity levels are much higher under the developed benchmarks than was the case for the natural
benchmark condition. This would indicate that the development of the catchment has increased the
higher end of the salinity range. This trend is reversed in Lake Albert with the natural benchmark
condition showing higher mean and 95th percentile salinities compared to the developed baselines.
Due to the lower Lake Alexandrina operating levels under the natural benchmark less water in the
model is exchanged between the two Lakes hence the salinity of Lake Albert increases.
Table 11 presents the values of the Murray Mouth congestion indicators for the natural, current and
TLM baseline runs. These indicators and target values were presented in Table 5 and are based on
the Walker Mouth Opening Index (WMOI) (Walker 2002). The congestion of the Murray Mouth under
a natural flow regime is considerably less than under the developed regimes. The percentage of
years with a minimum WMOI less than 0.05, which would indicate years with a high risk of closure, is
zero under the natural baseline condition while under the two developed baselines (current and TLM)
it is 33% and 36% respectively.
As was discussed in relation to Table 6 above, three other indicators to describe some region wide
indicators will be reported. Table 12 presents the values of these indicators using a natural, current
and TLM baseline condition. As would be expected the SRA indicators obtain their maximum value
for the natural condition and drop for the two developed baselines. The cost of salinity is higher
under the developed conditions compared to the natural conditions due to the higher salinities
observed within the Lower Lakes.
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3.2.

Recovery Runs

Six recovery scenarios have been established which relate to the reduction in diversions planned
under The Living Murray Initiative and been developed to be consistent with those established for
MDBC hydrological modelling of the Chowilla Floodplain Icon Site (Whiting, 2005). The first step
decision of The Living Murray Initiative has the indicative target of 500 GL to be recovered by a
reduction in diversions within a period of five years. The relative share of this proposed 500 GL
savings for each of the jurisdictions (NSW/ACT: Vic: SA) is in the approximate ratios of 0.502: 0.428:
0.07. Along with a saving of 500 GL/yr, five other water saving scenarios were modelled as part of
this study to determine the level of reductions required to meet key ecological targets and to provide
some information on how sensitive the indicators are to flow volumes. These scenarios represent
savings of some 100, 250, 1 000, 2 000, and 4 000 GL/yr compared to the TLM benchmark.
The reduction of water diversions within each jurisdiction used to simulate the water recovery runs is
shown in Table 7. The diversions for the water recovery scenarios listed in Table 7 have been
reduced along the River Murray channel with no reduction in diversions along any of it tributaries.

Location

Table 7 Flow diversions used to simulate the 5 TLM recovery scenarios
Average annual diversions (GL/yr)
TLM

100

250

500

1000

New South Wales Murray

1819.4

1769.1

1694.0

1568.5

1316.5

814.5

18.2

Victorian Murray

1655.7

1612.5

1548.2

1440.7

1227.2

798.8

0.0

South Australia

693.3

686.2

675.9

657.9

623.1

554.0

149.4

Lower Darling

139.0

139.2

139.8

140.8

142.3

149.5

158.1

4307.4

4207.0

4057.9

3807.9

3309.1

2316.3

325.7

Reduction in
Diversions*

0.0

100.4

249.5

499.5

998.3

1991.1

3981.7

Reduction at Barrages*

0.0

77.9

197.0

404.1

794.5

1612.7

3499.0

Total Diversions

2000

4000

* Reduction relative to the TLM benchmark
The two lower scenarios shown in Table 7 have been included to give an indication of what could be
achieved if the 500 GL/yr reductions in diversions were to be shared between different Icon Sites.
Two factors have been used being a reduction in diversions of 100 and 250 GL/yr. Each of the
higher scenarios improves on the reductions under the first step of with the 4 000 GL/yr reduction
scenario represents a substantial change to the current operation of the River Murray system. This
scenario is similar to the flows modelled under the natural benchmark conditions discussed above,
but retains the same level of storage as under the TLM benchmark.
Table 8 presents the values obtained for the Lower Lake levels under the six recovery runs discussed
above. Under these recovery runs the maximum height of the Lower Lakes within the model was not
changed and is set at a maximum height of 0.85 mAHD as per the agreed benchmark conditions (see
Section 3.1 above). The effect of holding the Lower Lakes at this level, as more flow is coming down
the river, is that the Lakes are staying fuller for longer and are fluctuating less than is the case under
current operation. Hence as the volume of water recovered increases we see an increase in the
minimum Lake level, a reduction in the percentage of time the Lake is at lower levels and an increase
in average daily lake levels. An exception to this is the 100 GL recovery run which is showing slightly
lower levels than the TLM benchmark condition. From an ecological point of view this is not how the
Lake would be ideally operated and it shows that water recovery is not an overall solution to the
ecological issues within the Lower Lakes. A better method to operate the barrages and hence the
seasonal water level within the Lower Lakes needs to be developed via a revised Barrage Operating
Strategy (BOS) and this has been flagged as the next step in this project.
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Table 8 Values of the hydrological indicators for lake level under the benchmark and water recovery runs
ID

Indicator description

Natural

Current

Water Recovery from TLM, GL

TLM
100

250

500

1000

2000

4000

7563000

7462000

7573000

7811000

7813000

7604000

7683000

7753000

7754000

001

% of days when the lake level is greater than the
upper level of DWLBC ecological envelope

1.5

80.7

77.2

78.0

79.4

81.4

85.8

89.6

91.6

002

% of days when the lake level is less than the
lower level of DWLBC ecological envelope

94.5

2.8

3.8

3.7

3.2

2.5

0.8

0.2

0.0

003

% of days when the lake level is within the
DWLBC ecological envelope

4.0

16.5

19.0

18.3

17.4

16.1

13.4

10.2

8.4

004

minimum daily lake level

0.035

0.246

0.156

0.100

0.175

0.268

0.419

0.493

0.773

005

maximum rate of change in lake level between
December and February (cm/day)

3.9

1.0

0.8

0.9

1.2

0.9

1.0

1.1

1.0

006

% of days when lake level changes more than 2
cm/day between December and February

1.4

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

007

% of days where the level is less than 0.5

88.5

2.0

2.9

2.8

2.3

1.6

0.3

0.0

0.0

008

% of days where the level is less than 0.45

83.4

1.5

2.2

2.1

1.4

1.0

0.2

0.0

0.0

009

% of years minimum yearly level is less than 0.45

100.0

10.1

11.9

12.8

8.3

6.4

1.8

0.0

0.0

010

% of days where the level is less than 0.35

67.8

0.5

1.3

1.0

0.6

0.3

0.0

0.0

0.0

011

longest period in days when lake level is less than
0.35

902

105

153

176

143

86

0

0

0

012

% of years with a lake level less than 0.35 for a
period of 5 days or longer

100.0

3.7

5.5

3.7

2.8

1.8

0.0

0.0

0.0

All levels are in mAHD

Lower Lakes, Coorong and Murray Mouth Icon Site Environmental Management Plan 2006-07

150

Table 9 Values of the hydrological indicators for barrage flow under the benchmark and water recovery runs
ID

Indicator description

Natural

Current

Water Recovery from TLM, GL

TLM
100

250

500

1000

2000

4000

7563000

7462000

7573000

7811000

7813000

7604000

7683000

7753000

7754000

051

average total yearly flow (GL/year)

12,453

5,037

4,960

5,038

5,157

5,364

5,754

6,572

8,459

052

% of days when there are no flows

0.9

36.1

39.1

37.9

36.4

33.9

28.2

20.8

2.3

053

longest period in days where there are no flows

126

602

645

645

626

597

368

315

122

054

% of days when flow is greater than 120

96.3

63.8

60.7

61.9

63.4

65.9

71.5

79.1

97.6

055

% of days when flow is greater than 120 between
the months of August and February

97.6

68.3

66.7

67.5

68.6

70.1

74.1

79.8

95.9

056

% of years with a flow event greater than 120 for
a period greater than 30 days between the
months of August and February

100.0

98.2

97.2

97.2

97.2

99.1

100.0

100.0

100.0

% of years with a flow event greater than 120 for
a period greater than 90 days between the
months of August and February

100.0

85.3

84.4

84.4

84.4

84.4

89.0

90.8

99.1

058

% of days when flow is greater than 1000

95.3

61.1

58.0

59.1

60.4

63.0

68.3

76.6

95.7

059

% of days when flow is greater than 1000
between the months of August and February

96.8

64.5

62.8

63.6

64.4

65.9

69.3

75.9

92.7

060

% of years with a flow event greater than 1000 for
a period greater than 30 days between the
months of August and February

100.0

95.4

94.5

94.5

95.4

95.4

95.4

95.4

100.0

% of years with a flow event greater than 1000 for
a period greater than 90 days between the
months of August and February

100.0

80.7

78.9

79.8

82.6

82.6

85.3

89.9

92.7

062

% of days when flow is greater than 2000

94.0

55.9

53.5

54.3

55.9

57.9

62.7

71.8

93.8

063

% of days when flow is greater than 2000
between the months of December and March

86.9

28.7

27.1

27.5

28.9

31.4

36.0

45.2

87.7

064

longest periods in days when flows are less than

195

627

647

646

630

623

586

347

199

057

061
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2000
All flows are in ML/day

Table 10 Values of the hydrological indicators for lower lake salinity under the benchmark and water recovery runs
Curren
t

TLM

756300
0

746200
0

Natural
ID

Indicator description

Water Recovery from TLM, GL
100

250

500

1000

2000

4000

757300
0

781100
0

781300
0

760400
0

768300
0

775300
0

775400
0

10
1

Lake Alexandrina’s average daily salinity

716

733

739

729

712

685

649

583

468

10
2

Lake Alexandrina’s 95th percentile daily salinity

1101

1152

1164

1151

1132

1101

1029

897

656

10
3

Lake Albert’s average daily salinity

1565

1517

1520

1505

1479

1439

1386

1294

1212

10
4

Lake Albert’s 95th percentile daily salinity

4417

1851

1863

1844

1803

1750

1659

1541

1381
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Table 11 Values of the hydrological indicators for Murray Mouth congestion under the benchmark and water recovery runs
ID

Indicator description

Natural

Current

Water Recovery from TLM, GL

TLM
100

250

500

1000

2000

4000

7563000

7462000

7573000

7811000

7813000

7604000

7683000

7753000

7754000

151

average monthly WMOI

0.74

0.34

0.33

0.34

0.35

0.36

0.38

0.44

0.57

152

average yearly WMOI

0.52

0.15

0.15

0.15

0.15

0.16

0.18

0.23

0.37

153

% of years with a yearly minimum WMOI less than
0.05

0.0

33.0

35.8

32.1

32.1

30.3

23.9

12.8

0.0

154

longest period in months with a minimum monthly
WMOI less than 0.05

0

20

20

29

19

19

18

10

0

Table 12 Values of the region wide hydrological indicators under the benchmark and water recovery runs
Curren
t

TLM

756300
0

746200
0

Natural
ID

Indicator description

Water Recovery from TLM, GL
100

250

500

1000

2000

4000

757300
0

781100
0

781300
0

760400
0

768300
0

775300
0

775400
0

20
1

SRA Zone Hydrology Index for zone 8 u/s of Barrages

1.000

0.404

0.407

0.405

0.411

0.424

0.436

0.478

0.566

20
2

SRA Valley Hydrology Index

1.000

0.531

0.531

0.536

0.541

0.553

0.565

0.587

0.581

20
3

average SA salinity costs ($m/year)

79.1

93.3

94.0

92.9

91.2

88.1

84.5

77.0

66.0
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The values obtained for the barrage flow indicators under the water recovery runs are shown in
Table 9 while the indicators for the Murray Mouth congestion are presented in Table 11.
Examining the trends within these two tables indicates that the more water that can be recovered
and be allowed to flow through the barrages and out the Mouth the more the environmental
indicators move towards there targeted trends and values (refer to Table 3 and Table 5). The
percentage
of
days
in
which
barrage
flow
is
greater
than
120,
1 000 and 2 000 ML/day increases as more water is recovered relative to the TLM benchmark
condition. This would allow the fishways to operate for longer and would help reduce the risk of
the Murray Mouth closing. In terms of a first step reduction in diversions the 500 GL/yr scenario
improves the flow out of the barrages by an average of some 404 GL/yr and has decreased the
percentage of days when there are no flows. Based on the figures shown in the two tables a
reduction in diversions up to and including a 500 GL/yr reduction will go some way towards
improving the environmental conditions within the Coorong. However, the improvement is still
quite small in terms of percentage changes so it is highly likely that extra allocations would need
to be sought and dredging be continued under a first step TLM initiative.
Table 10 presents the values of the Lower Lakes salinity indicators for the six recovery scenarios.
As was the case within the barrage flow indicators the greater the volume of water recovery the
more the salinity indicators move towards the direction of their target trends (refer to Table 4).
The reductions in diversions up to and including the 500 GL/yr reduction are likely to improve the
salinity values within the Lower Lakes. This is also the case with the SRA indicators shown in
Table 12 with a general improvement in their values as the water recovery volumes increase. As
the water recovery volume increases there is a decrease in the cost of salinity to South Australia
(indicators 203 in Table 12).
4. Conclusions
A set of hydrological indicators have been presented and discussed for the Murray Mouth,
Coorong and Lower Lakes Icon Site. These indicators were calculated for a number of
benchmark runs and preliminary water saving simulations.
The water saving simulations that have been presented in this report (refer to Table 7) are very
simple in the way they derive environmental water. No attempt has been made to determine how
this environmental water gets delivered to the Icon Site or the sharing of environmental water
between the six Icon Sites. There is a general over estimation of the amount of environmental
water that could be delivered to the site.
An important issue that the modelling shows it that by increasing the environmental water
allocation to the Icon Site will improve the overall environmental conditions at the downstream end
of the Icon Site, but will do little to improve the foreshore environments around the Lower Lakes
on its own. This is due to the Lakes remaining at high levels more frequently under the water
saving simulations. Smarter ways need to be developed to manage the water resource; for
example a more efficient operating strategy for the barrages needs to be developed and simulated
which would allow the Lakes to fluctuate during any given year according to ecological
requirements.
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Appendix A: Previous Hydrological Indicators

Table A1 List of previous hydrologic indicators
ID

Description

Flow over Barrages (GL)
352

Annual Average

351

Annual Median

353

Median Nov - March Total

376

Longest Period in days with no flow

366

% of days with no flow

356

Maximum Month (1=Jan)

354

Mean Monthly Value in Maximum Month

357

Minimum Month (1=Jan)

Flow > 5,000 ML/d for 50 Days
438

Number of Events

440

Median Interval between events

439

Median Duration

699

% Years with an event

798

% Years with events in Sept - Nov

799

% Years with events in Dec - Mar

Flow > 7,000 ML/d for 60 Days
359

% Years with an event

377

Number of Events

379

Median Interval between events (days)

360

Maximum time between events (days)

378

Median Duration of Events (days)

Flow > 10,000 ML/d for 75 Days
696

% Years with an event

697

% Years with events in Sept - Nov

698

% Years with events in Dec - Mar

694

Median Duration

695

Median Interval between events
continued over page

Lower Lakes, Coorong and Murray Mouth Icon Site Environmental Management Plan 2006-07

157

ID

Table A1 List of previous hydrologic indicators (continued from previous page)
Description

Flow > 10 000 ML/d for 90 Days
361

% Years with an event

380

Number of Events

382

Median Interval between events (days)

362

Maximum time between events

381

Median Duration of Events

Flow > 20 000 ML/d for 30 Days
363

% Years with an event

383

Number of Events

385

Median Interval between events (days)

365

Maximum time between events (days)

384

Median Duration of Events (days)

Flow > 30 000 ML/d for 7 days
927

% Years with events

938

Median Interval between events (days)

Flow > 40 000 ML/d for 7 days
926

% Years with events

937

Median Interval between events (days)

Flow > 50 000 ML/d for 7 days
925

% Years with events

936

Median Interval between events (days)

Flow > 60 000 ML/d for 7 days
924

% Years with events

935

Median Interval between events (days)

Flow > 70 000 ML/d for 7 days
923

% Years with events

934

Median Interval between events (days)

Daily Flow
358

% of days with Flow > 2000 Ml/d

940

% of days with Flow > 1990 Ml/d

941

% of days with Flow > 49 Ml/d
continued over page
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ID

Table A1 List of previous hydrologic indicators (continued from previous page)
Description

Monthly Average Flow
449

% months with average flow > 2000 Ml/d

450

% of months with average flow > 10 000 Ml/d

469

% of months with average flow > 30 000 Ml/d

Milang Level
944

Average level

368

% of days with level < 0.60 m

442

% of days with level < 0.50 m

400

% of days with level < 0.35 m

943

% of years with minimum level < 0.35 m

946

Average level May - Aug

947

Average level Jun - Mar

928

% of days with level > 0.80m in Sept to Jan

929

Median Duration of events >0.80m in Sept to Jan

930

Median interval between events >0.80m in Sept to Jan

931

% of days with level > 0.80m in Feb to Aug

932

Median Duration of events >0.80m in Feb to Aug

933

Median interval between events >0.80m in Feb to Aug

Average Lakes Salinity (EC)
519

Milang

939

Meningie

805

Average Salinity Cost ($m)

817

Value of SA Irrigation ($m)

804

Average Flood cost ($m)

369

% Years with Mouth Opening Index < 0.05

470

% of Months Flow exceeds 2 000 ML/d

471

% of Months Flow exceeds 1 000 ML/d

472

% of Months Flow exceeds 3 000 ML/d

436

% of days flow changes > 20% for flows > 500 ML/d

437

% of months flow changes > 15% for flows > 500 ML/d

441

% of days flow changes > 1 400 ML/d
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Appendix B – Fishway Operating Rule
Introduction
A possible barrage fishways operating rule was presented as Appendix M in the Lower Lakes,
Coorong and Murray Mouth Icon Site EMP (Murray-Darling Ministerial Council, 2005). This rule is
shown in Figure B1 and suggests that the fishways be operated during a particular month based
on the current Lower Lake water level. Depending on the lake level the fishways are either
operated on their own or in conjunction with an adjacent gate.
DRAFT Barrage Fishway Operating Rule - for discussion November 2004
1
0.95
0.9

1

Operate fishway and multiple gates
to hold to maximum surchrage

Lake level (m AHD)

0.85
2
0.8

Operate fishways plus one
adjacent bay

0.75
0.7

3
4

Operate fishway only

Do not operate fishway, unless specific
environmental allocation is available

0.65
0.6
0.55
0.5
End June

End July

End August

End September

End October

End November

End December

End January

End Februray

End March

End April

End May

End June

Month

Figure B1 A possible barrage fishway operating rule.
Section 2.2 discusses the flow release required to operate the fishways both on their own and in
conjunction with an adjacent gate. These volumes were estimated to be 120 ML/day (region 3 in
Figure B1) and 1 000 ML/day (region 2 in Figure B1) respectively. The MDBCs MSM-BigMod
model was used to model the barrage fishway operational rule shown in Figure B1. The
hydrological indicators, presented in Section Error! Reference source not found., were used to
determine the possible impacts the fishway rule may have on the sustainability of the Icon Site.
Four runs were undertaken. Run 7462000 uses the current benchmark with the maximum lake
level set at 0.85 mAHD as was the case for the benchmark runs in Section 3.1. Run 7505000
uses the current level of diversions, but with the monthly lake level and discharge based on Figure
B1. Run 7604000 is the run used to simulate the reduction of 500 GL from water diversions, while
Run 7686000 uses the reduced diversions, but lake levels and discharges are based on Figure
B1.
Results
Table B1 presents a comparison of lake level hydrological indicators for the benchmark runs (see
Section 3) and the fishway rule shown in Figure B1. The first three indicators in this table are the
ecological envelope indicators which show how close a given run is to achieving the ideal
ecological outcomes for the Icon Site. Using the fishway rule the Lake levels have decreased
compared to the benchmark which has decreased the percentage of days the Lake level is above
the envelope, increased the percentage of days it is below and increased the percentage of days
the Lake level is within the envelope. From an ecological point of view this is beneficial however
in practical terms it just means that the Lake is not filling as frequently as was the case under the
benchmark conditions. This is also shown by the water storage indicators (indicators 008-012).
The Lake is failing more often as a water storage reservoir with the minimum daily Lake level
(indicator 004) at a lower value and the water storage indicators all getting worse under the
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fishway operational rule. This effect is somewhat mitigated by the recovery of 500GL/yr, but as
shown in Table B1 the indicators have not returned to the current benchmark condition.
In direct comparison to the negative effect the fishway operational rule has on the Lower Lake
level indicators the rule has beneficial impacts on the barrage flow indicators shown in Table B2.
The total flow indicator (indicator 051), no flow indictors (indicators 052 and 053), and fishway
indicators (indicators 055 to 061) have all improved compared to the benchmark conditions. The
fishway rule is releasing more water into the Coorong than was the case using a basic spill height
of 0.85 mAHD which would have environmental benefits.
The fishway operational rule has however reduced the percentage of days in which the flow is
greater than 2 000 ML/day and increased the longest period in which the flows are less than 2 000
ML/day. This would infer an increased risk in the closure of the Murray Mouth. This increased
risk, however, is not shown in Table B3 which presents the Walker Mouth Opening Index
indicators with none of the WMOI indicators are showing a substantial negative change.
The Lower Lake salinity indicators shown in Table B4 have not significantly changed by using the
fishway operational rule compared to the benchmark conditions. This is also the case with the
regional indicators shown in Table B5.
Conclusions
The fishway rule shown in Figure B1 allows water to be released from the barrages below the spill
height which has been set at 0.85 mAHD. The extra release has increased the risk associated
with the failure of the Lakes as a water storage reservoir as there is less water being kept within
the Lakes. The benefit of this is that more water is flowing into the Coorong which allows the
fishways to operate for longer more frequently.
Generally there is a trade off between storing water in the Lower Lakes to meet diversion
requirements and releasing the water into the Coorong for ecological needs. The fishway rule is a
first step in improving the ecology of the Coorong. The rule needs further refinement to mitigate
some of the increased risk associated with failure of the Lower Lakes as a water storage
reservoir.
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Table B1 Changes in lake level indicators due to the barrage fishway operating rule
Current
ID

Indicator description

Target

500 GL recovery

bench

fishwa
y

bench

fishwa
y

746200
0

750500
0

760400
0

768600
0

001

% of days when the lake level is greater than the upper level of DWLBC ecological envelope

minimise

80.7

72.9

81.4

74.2

001

% of days when the lake level is less than the lower level of DWLBC ecological envelope

minimise

2.8

3.6

2.5

3.3

003

% of days when the lake level is within the DWLBC ecological envelope

maximise

16.5

23.5

16.1

22.5

004

minimum daily lake level

> 0.35

0.246

0.211

0.268

0.230

005

maximum rate of change in lake level between December and February (m/day)

< 0.02

1.0

0.9

0.9

0.9

006

% of days when lake level changes more than 0.02 m/day between December and February

zero

0.0

0.0

0.0

0.0

007

% of days where the level is less than 0.5

minimise

2.0

2.5

1.6

2.2

008

% of days where the level is less than 0.45

minimise

1.5

1.7

1.0

1.2

009

% of years minimum yearly level is less than 0.45

minimise

10.1

11.0

6.4

7.3

010

% of days where the level is less than 0.35

minimise

0.5

0.8

0.3

0.5

011

longest period in days when lake level is less than 0.35

minimise

105

127

86

109

012

% of years with a lake level less than 0.35 for a period of 5 days or longer.

zero

3.7

4.6

1.8

2.8
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Table B2 Changes in barrage flow indicators due to the barrage fishway operating rule
Current
ID

Indicator description

Target

500 GL recovery

bench

fishway

bench

fishway

7462000

7505000

7604000

7686000

051

average total yearly flow (GL/year)

maximise

5,037

5,040

5,364

5,368

052

% of days when there are no flows

minimise

36.1

11.5

33.9

10.4

053

longest period in days where there are no flows

minimise

602

325

597

325

054

% of days when flow is greater than 120

maximise

63.8

88.5

65.9

89.5

055

% of days when flow is greater than 120 between the months of August and February

maximise

68.3

93.2

70.1

93.8

056

% of years with a flow event greater than 120 for a period greater than 30 days between the
months of August and February.

maximise

98.2

99.1

99.1

100.0

057

% of years with a flow event greater than 120 for a period greater than 90 days between the
months of August and February.

maximise

85.3

92.7

84.4

93.6

058

% of days when flow is greater than 1000

maximise

61.1

72.9

63.0

74.8

059

% of days when flow is greater than 1000 between the months of August and February

maximise

64.5

80.3

65.9

81.2

060

% of years with a flow event greater than 1000 for a period greater than 30 days between the
months of August and February.

maximise

95.4

97.2

95.4

96.3

061

% of years with a flow event greater than 1000 for a period greater than 90 days between the
months of August and February.

maximise

80.7

87.2

82.6

87.2

062

% of days when flow is greater than 2000

maximise

55.9

52.1

57.9

54.1

063

% of days when flow is greater than 2000 between the months of December and March

maximise

28.7

27.4

31.4

29.9

064

longest periods in days when flows are less than 2000

minimise

627

644

623

680
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Table B3 Changes in Murray Mouth indicators due to the barrage fishway operating rule
Current
ID

Indicator description

Target

500 GL recovery

bench

fishwa
y

bench

fishwa
y

746200
0

750500
0

760400
0

768600
0

151

average monthly WMOI

maximise

0.34

0.34

0.36

0.36

152

average yearly WMOI

maximise

0.15

0.15

0.16

0.16

153

% of years with a yearly minimum WMOI less than 0.05

minimise

33.0

32.1

30.3

30.3

154

longest period in months with a monthly WMOI less than 0.05

minimise

20

20

19

18

Table B4 Changes in Lakes salinity indicators due to the barrage fishway operating rule
Current
ID

Indicator description

Target

500 GL recovery

bench

fishwa
y

bench

fishwa
y

746200
0

750500
0

760400
0

768600
0

101

Lake Alexandrina’s average daily salinity

minimise

733

735

685

687

102

Lake Alexandrina’s 95th percentile daily salinity

minimise

1152

1157

1101

1105

103

Lake Albert’s average daily salinity

minimise

1517

1522

1439

1443

104

Lake Albert’s 95th percentile daily salinity

minimise

1851

1861

1750

1757
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Table B5 Changes in region wide indicators due to the barrage fishway operating rule
Current
ID

Indicator description

Target

500 GL recovery

bench

fishwa
y

bench

fishwa
y

746200
0

750500
0

760400
0

768600
0

201

SRA zone hydrology index for zone 8 u/s of barrages

1.000

0.404

0.412

0.424

0.435

202

SRA valley hydrology index

1.000

0.531

0.532

0.553

0.553

203

average SA salinity costs ($m/year)

maximise

93.3

93.4

88.1

88.1
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APPENDIX K: SUMMARY OF MONITORING IN THE LOWER LAKES AND COORONG

Agency/
Group
DWLBC
Ongoing

Ongoing
Bureau of
Meteorology
Ongoing
SARDI
2001-2006

Ongoing
DHS
ongoing

Project Name

Parameter(s) monitored

Where collected?

HYDSYS Database

Water Level, EC
Wind speed & direction
Flow rates

Obswell Database
National Climate Archive
(or ADAM - Australian
Data Archive of
Meteorology)
Murray Barrage Fish
Passage Assessment
Program

Groundwater level and salinity
Rainfall, temperature, wind, evaporation,
humidity, pressure

Current locations (some have been decommissioned over the
years): Mark’s Point, Meningie, Mundoo, Salt Creek, Milang,
Pelican Point, Rob’s Point, Tauwitchere, Narrung, Goolwa,
Poltalloch, Mulgundawa, Parnka Point
Variety of sites around the Lower Lakes and Coorong
24 rainfall stations throughout Coorong/ Lower Lakes. Point
info collected at HI, Mundoo, Goolwa, Meningie, Strath,
Encounter Bay

Commercial fishery
catch/effort return
Water Quality Monitoring

Daily fish returns

DEH (AWSG) Summer wader counts
Est. Feb 2000
(now monthly counts)
(originally until
implementation
of USE
scheme, now
continued)
Ongoing
Water bird and wader
numbers in Coorong NP

Ongoing –

Coorong NP Fauna

Fish community composition and
assessment of fish passage thru barrages

Blue-green algae levels in Lower Lakes

Bird populations

Wader/waterbird populations
Temperature
Wind speed and direction
Water level
Cloud cover
Bird and fauna species present; Evidence of
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Below and above Goolwa/Tauwitchere/ Mundoo barrages
(incl. fish passage)
Various Lower Lakes sites
Wellington Reach
Sites in Lower Lakes, Coorong/MM, Ocean Beach from MM
to Kingston Jetty
Lake Alexandrina – Milang, Clayton, Upstream Goolwa
Barrage, Poltalloch Plains, Point McLeay; Lake Albert –
Meningie
North & South lagoons – 12 sampling areas
Salt Ck
Morella Basin
Sites across Lower Lakes and barrages

10 sites in southern Coorong NP

4 sites in Coorong NP: Godfrey’s Landing; Loop Rd; 42 Mile
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Agency/
Group
established
April 2001
DEH
2000-2010
Ongoing
Ongoing

Ongoing
Ongoing
Established
1996

Project Name

Parameter(s) monitored

Where collected?

Surveys

activity (ie tracks, scats, burrows, bones,
hair, diggings)
Salinity (EC)
Composition and health of associated
vegetation
Orange-bellied parrot populations

Crossing; 28 Mile Crossing

Status of Coorong
Freshwater Soaks
Orange-bellied parrot
monitoring program
Hooded plover monitoring
program
Cape Barren Goose Aerial
Surveys
Malleefowl mound
Monitoring Program

Hooded plover populations

5 freshwater soaks – 3 on fringes of southern lagoon and 2 in
ephemeral lagoons
Known habitat of birds in CNP – counters cover whole area
(extends approx 5km inland from coast)
Survey area – Murray Mouth to Kingston and park boundary

Cape Barren Goose populations

Transects over Hindmarsh Island and barrages; circuits of
Mundoo Island and Lower Lakes

Status of malleefowl nesting mounds

Mound sites inside established ‘grid’ across NP – 5km2
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APPENDIX L: CONCEPTUAL MODELS
Fig 1
Ruppia conceptual model in the Coorong
The key determinant of the Ruppia model is a Coorong water level – which is influenced by a range of physical processes. Ruppia is a keystone
species in the diet of water birds, and therefore has a link to the water birds and mudflat conceptual model.

Water quality
(Temperature, Dissolved
Oxygen, Salinity, Nutrients)

Filamentous
algae

Freshwater input

Tides

Turbidity

Coorong water
levels

Ruppia germination
and growth

Wind

Mouth
openness

Waterfowl
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Fig. 2 Conceptual model for invertebrate emergence and survivorship in the Coorong
Mouth opening is a key determinant of the invertebrates model because they live in the mudflats, which can be smothered by marine sands.
Coorong water level – which is influenced by the degree of Mouth opening – is also important as mudflats are affected by tidal variation.
Polychaetes, bivalves and macroinvertebrates are key invertebrate species. Phytoplankton abundance is another ecological process that affects
invertebrate emergence, and is affected by a range of water quality parameters and freshwater inputs.

Water quality (Temperature,
Dissolved Oxygen, Salinity,
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Fig. 3 Conceptual model for wader abundance and diversity and mudflat habitat in the Coorong.
The key determinant of the wader and mudflat model is Coorong water level – which is influenced by a range of physical processes. The
abundance and type of organic matter and invertebrates determine the quality of mudflat habitat, which directly affects wader abundance and
diversity.

Freshwater input

Water quality

Turbidity
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Fig 4 Fish spawning and recruitment conceptual model

Fish spawning and survival is influenced by freshwater flows. Therefore, barrage flows are crucial. Physical habitat and predators directly influence the
fish life cycle and a range of physical processes affect physical habitat. There is also a direct link to the invertebrate model as a food source for fish.

FLOW

Water quality

Adult Fish

Day length
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Juvenile fish
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habitat
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Fig. 5 Submerged aquatics conceptual model in the Coorong.
The growth and germination of aquatic plants is influenced by a range of water quality parameters and in particular, water levels in the Lower
Lakes. Directly influencing water level are a range of physical processes and human use of water from the system. Aquatic plants are keystone
and thus have links to other ecological components of the system as they provide habitat and food for fish, birds and invertebrates.
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