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Murray region
Barmah–Millewa Forest
The Barmah–Millewa Forest hydrologic indicator site covers approximately 
66,000 ha of floodplain along the River Murray between Tocumwal, 
Echuca and Deniliquin, downstream of Yarrawonga Weir and upstream of 
Torrumbarry Weir (Figure B11.1). Barmah Forest (29,500 ha) is located on 
the Victorian side of the River Murray and Millewa Forest (36,500 ha) on the 
New South Wales side.

The Barmah–Millewa Forest is also an icon site under The Living Murray 
program and the entire asset is listed as a Ramsar wetland. The Barmah 
Forest was listed in 1982; the Millewa Forest was listed in 2003 and is a 
component of the NSW Central Murray State Forests Ramsar site.

The Ramsar wetlands of Australia dataset has been used to define the 
boundary or extent of the indicator asset. Spatial data used to define the 
extent of this site is listed in Table B1.3.

Values
The Barmah–Millewa Forest has been identified as a hydrologic indicator 
site in the Murray–Darling Basin by meeting all five of the Murray–Darling 
Basin Authority (MDBA) key environmental assets criteria (Table B11.1).

Table B11.1  MDBA key environmental assets criteria: Barmah–Millewa Forest

Criterion Explanation

1.  Formally recognised in, and/or is 
capable of supporting species listed in, 
relevant international agreements

Barmah–Millewa Forest is formally recognised in, or is capable of supporting species listed in, the Japan–Australia 
Migatory Bird Agreement, the China–Australia Migratory Bird Agreement or the Republic of Korea–Australia 
Migratory Bird Agreement. The site contains the Barmah Forest Ramsar site and includes part of the NSW Central 
Murray State Forests Ramsar site. For a full list of species listed under Commonwealth legislation that have been 
recorded in the Barmah–Millewa Forest, see Table B11.6.

2. Natural or near-natural, rare or unique

Barmah–Millewa Forest supports the largest red gum forest in Australia (Victorian Department of Sustainability 
and Environment 2008; GHD 2009). As the largest floodplain listed as an icon site for The Living Murray program, 
this asset is perhaps the largest and most intact floodplain system along the River Murray. The forests can be 
considered ‘near natural’, as they retain trees older than European settlement and areas that are structurally 
equivalent to undisturbed forest, despite 150 years of timber harvesting (GHD 2009).The Barmah side of the forest 
supports the most extensive area of moira grass (Pseudoraphis spinescens) plains in Victoria, with the grass 
dominating 5.2%, or 1,535 ha, of the Barmah Forest Ramsar site in 1979 (Victorian Department of Sustainability 
and Environment 2008).

In addition, King, Tonkin and Mahoney (2007) highlight that Barmah–Millewa Forest is a significant area for native 
fish conservation, with extensive wetland, creek and river habitats for fish now relatively rare in the region.

3. Provides vital habitat

Because it floods at relatively low river flows — and therefore more frequently — Barmah–Millewa Forest provides 
drought refuge for waterbirds (Victorian Department of Sustainability and Environment 2008).

About 54 waterbird species have been recorded breeding in the NSW Central Murray State Forests Ramsar site, 
including 25 colonial nesting species (GHD 2009).

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

The Barmah–Millewa Forest supports species listed as threatened under Commonwealth or state legislation. For a 
full list of species that have been recorded, see Table B11.6.

5.  Supports, or is capable of supporting, 
significant biodiversity

The Victorian flora information system and the Victorian Wildlife Atlas have recorded 381 indigenous flora species 
and 221 indigenous vertebrate species for the Barmah Forest site (Victorian Department of Sustainability and 
Environment 2008).

Barmah Forest is listed under Ramsar criterion 5 because it regularly supports 1% of the population of Australian 
white ibis (Threskionis molucca) and straw-necked ibis (Threskiornis spinicollis) (Victorian Department of 
Sustainability and Environment 2008).
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The values of the Barmah–Millewa Forest are supported by the 
following ecosystems:

•	 swamps and marshes in the lower areas that are frequently flooded, where 
water can pond

•	 rushbeds surrounding the swamps and marshes, and generally in 
wetter areas

•	 lakes and billabongs and generally deeper water environments, which 
are important in providing feeding areas for large colonial bird 
breeding events

•	 open grassland plains, including large plains of moira grass, which, 
when flooded, provide highly significant breeding and feeding habitats 
for colonial breeding waterbirds such as egrets, herons, spoonbills and 
marsh terns

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

•	 black box (Eucalyptus largiflorens) woodland in the high, drier zones.

The vegetation communities present in the Barmah–Millewa Forest have 
been grouped into five broad categories, the areas of which are shown in 
Table B11.2.

Table B11.2   Vegetation types by area, based on analysis of data presented in ecological character 
descriptions: Barmah–Millewa Forest

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

Giant rush (Juncus ingens) 531 2,667a 3,198 (4.8%)

Moira grass (Pseudoraphis spinescens) 1,535 774a 2,309 (3.5%)

River red gum forest (with a flood-dependent understorey) 16,617 26,181 42,798 (64.8%)

River red gum woodland (with a flood-tolerant understorey) 9,711 4,002 13,713 (20.8%)

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

Total 29,457 36,543 66,000

a The area of giant rush and moira grass in Millewa Forest is not directly identified in GHD (2009); areas shown are derived from the area of wetland.
Source: Victorian Department of Sustainability and Environment (2008); GHD (2009)

Hydrology
The River Murray and the Barmah Choke define the hydrology of the 
Barmah–Millewa Forest. The Barmah Choke is a narrowing of the river 
channel and a reduction in channel capacity associated with a geological 
uplift known as the Cadell Tilt. When river flow downstream of Yarrawonga 
Weir is greater than 10,400 ML/d, the flow exceeds the capacity of the River 
Murray through the Barmah–Millewa Forest (GHD 2009). Once this occurs, 
regulators are progressively opened to allow water to enter the forest (GHD 
2009). The reduced channel capacity increases the frequency of floodplain 
inundation compared to other parts of the River Murray floodplain. This 
frequent flooding has led directly to the formation of the forests and 
associated wetland systems.

The regularity, extent, duration and seasonality of flooding within the 
forests are governed by flow in the River Murray. Relatively small changes 
in topography also influence the distribution and depth of flooding. Water 
passes over the floor of the forests as sheet flow in large floods, and flows 
through the forests predominantly as creek flow during smaller flood events 
(MDBC 2006b).
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Barmah–Millewa Forest is dissected by many ‘effluent’ streams, the largest 
of which are the Edward River and Gulpa Creek. Together, these form the 
beginning of the Edward–Wakool river system that passes through the Werai 
Forest before finally returning to the River Murray some 200 km to the west 
at Wakool Junction. Key effluents start to flow depending on the level of flow 
in the River Murray. For example, information provided by the Victorian 
Department of Sustainability and Environment suggests that Gulf Creek 
begins to flow at 3,500 ML/d, Boals Creek at 6,000 ML/d and Smiths and 
Tullah creeks begin to flow once flows exceed 9,500 ML/d.

The forests also contain numerous wetlands, the largest of which are Barmah 
Lake (Victoria) and Moira Lake (New South Wales). Wetlands are also 
flooded at different flow levels. Flows up to 15,000 ML/d inundate large areas 
of open wetlands and moira grass plains (Water Technology 2009b). Most red 
gum forest with flood-dependent understorey is flooded at flows of 25,000–
35,000 ML/d, with higher flows up to and in excess of 60,000 ML/d needed 
to inundate red gum/black box woodland (Water Technology 2009b).

More than 50 water management structures are present throughout the 
Barmah–Millewa Forest; they comprise two broad categories of regulators 
(MDBC 2006b). Primary regulators (discharge capacity generally >100 ML/d) 
occur in anabranch streams near their exit point from the River Murray, 
Edward River and Gulpa Creek. These structures maintain regulated 
instream flows, and permit river freshes and floods to pass into the forest. 
Secondary and tertiary regulators (discharge capacity generally <100 ML/d) 
are mostly situated in drainage features within the interior portions of the 
forest, and include pipes, culverts and regulators, and earthen banks. These 
structures manipulate water distribution and depth within localised areas, 
and provide vehicle access. They are overtopped or outflanked during large 
floods. Due to the extent to which they enable flows to be manipulated, these 
regulators provide flexibility for the use of existing and future environmental 
water allocations for Barmah–Millewa Forest (Victorian Department of 
Sustainability and Environment 2008).

The ecological values of the Barmah–Millewa Forest have been threatened 
by several factors, but the main impact has been through river regulation, 
particularly through a decrease in medium-sized spring floods and an increase 
in small summer floods (MDBC 2006b). Similarly, GHD (2009) report 
that river regulation has been implicated in the steady decline of ecosystem 
health of the NSW Central Murray State Forests over the last 75 years — 
inappropriate flood regimes have been the main adverse impact on the 
ecological character of the site.

Environmental objectives and targets
Environmental objectives for the Barmah–Millewa Forest have been 
determined using the key environmental assets criteria. Targets to achieve 
these objectives have been specified for flood-dependent vegetation 
communities considered essential to support wetland processes, and to provide 
crucial habitat for identified flora and fauna species. These are outlined in 
Table B11.3.

The criteria under which the Barmah–Millewa Forest is considered to be a key 
environmental asset are broad and so are the objectives. Objective 1 relates to 
the ecological character of the wetlands at the time of Ramsar listing. Barmah 
Forest was listed in 1982 and Millewa Forest was listed in 2003. A review of 
the Ramsar ecological character descriptions indicates that if Objective 1 is 
achieved, the requirements of objectives 2 to 5 will also be met (i.e. conserving 
the ecological character will require water-dependent ecosystems to be 
protected and restored). 



Appendix B  Hydrologic indicator sites 611

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

The Barmah Forest Ramsar site ecological character description (Victorian 
Department of Sustainability and Environment 2008) has predominantly 
been used in determining the targets for the Barmah–Millewa Forest indicator 
asset, rather than that of the Millewa Forest Ramsar site (Table B11.3). The 
interconnected hydrology between the two forests means that compliance with 
limits of acceptable change at the Barmah Forest will deliver similar outcomes 
at Millewa Forest for red gum and black box and therefore drives targets for 
the entire Barmah–Millewa Forest hydrologic indicator site.

Table B11.3  Environmental objectives and targets: Barmah–Millewa Forest

Objectives Justification of targets Target

1.  To conserve the Ramsar site consistent with its 
ecological character, and to protect and restore 
ecosystems that support migratory birds listed under 
relevant international agreements (Criterion 1)

2.  To protect and restore natural or near-natural, rare or 
unique water-dependent ecosystems (in their current 
state) (Criterion 2)

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

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

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

The Victorian Department of Sustainability 
and Environment (2008) and GHD (2009) 
specify that any decrease in the current 
area of these wetland types would signal a 
change in ecological character.

Maintain 100% of the current extent of freshwater 
meadows or shallow freshwater marshes in good 
condition

Objectives 1 to 5

A change in ecological character would 
be signalled by a decrease in the area 
mapped by Chesterfield, Loyn and 
Macfarlane (1984) as being dominated by 
moira grass, and would be accompanied 
by the encroachment of giant rush and 
the regeneration of red gum (Victorian 
Department of Sustainability and 
Environment 2008).

Maintain 100% of the current extent of moira grass 
plains in good condition

Objectives 1 to 5

Any loss or substantial decline in the 
current area or health of vegetation 
communities would signal a change in 
ecological character (Victorian Department 
of Sustainability and Environment 2008).

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

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

Maintain 100% of the current extent of black box in  
good condition

Objectives 1 to 5

This is an interim ecological objective 
under The Living Murray program.

The Victorian Department of Sustainability 
and Environment (2008) specifies that any 
reduction in the recorded frequency and 
abundance of bird breeding would signal 
a change in ecological character. GHD 
(2009) specifies the successful breeding of 
thousands of colonial waterbirds in at least 
three out of 10 years would signal a change 
in ecological character.

Provide conditions conducive to successful breeding 
of colonial nesting waterbirds
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Environmental water requirements
Hydrology has been identified as critical to the ecological character of 
the Barmah–Millewa Forest. The ecological character description for the 
NSW Central Murray State Forest (incorporating Millewa Forest) identifies 
hydrology as the key driver of the system, with variation in flood regimes 
across the River Murray floodplain being the primary determinant of 
vegetation composition and structure (GHD 2009). Similarly, the Victorian 
Department of Sustainability and Environment (2008) identifies hydrology 
as critical to maintaining most of the Barmah Forest’s ecosystem services. In 
order to maintain vegetation associations as they were in 1982, it is not likely 
to be adequate to maintain the hydrological pattern in the period leading 
up to Ramsar listing, as changes in vegetation may take decades (Victorian 
Department of Sustainability and Environment 2008). Instead, return to a 
more natural flow regime was recommended to meet flooding requirements 
for the vegetation associations (Victorian Department of Sustainability and 
Environment 2008). An increase in both flooding frequency and duration, 
in the range of 15,000–60,000 ML/d, is likely to be necessary to maintain 
the ecological character of the Barmah Forest (Victorian Department of 
Sustainability and Environment 2008).

A number of documents were assessed to determine the flows required 
to achieve the specified targets. No single existing plan or document sets 
out these requirements completely. The Barmah–Millewa Forest Icon Site 
Environmental Management Plan 2006–2007 (MDBC 2006b) sets out the 
flood frequencies and durations of selected vegetation communities that 
existed before river regulation (see Table B11.4).

Data presented in the Barmah–Millewa Forest hydrodynamic model report 
(Water Technology 2009b) has been assessed in parallel with the ecological 
character descriptions of the forests (Figure B11.2) (Victorian Department of 
Sustainability and Environment 2008; GHD 2009). This has been supported 
by on-ground inundation observations to estimate flows required to inundate 
selected vegetation communities.

The environmental water requirements set out in Table B11.5 represent 
an amalgam of information within existing literature and vegetation 
inundation hydrodynamic modelling data, checked against an analysis of 
modelled without development and current arrangements flow data. Where 
a discrepancy exists between the literature and inundation modelling and 
hydrology modelling, an analysis of modelled without-development flows has 
been used to guide the determination of environmental water requirements, 
particularly to ensure that the recommended flows are achievable and not 
greater than without-development flows.

Table B11.4   Flood frequency and duration of selected vegetation communities that existed before river 
regulation: Barmah–Millewa Forest

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

Giant rush (Juncus ingens) 75–100 7–10 months Winter to mid-summer

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

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

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

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

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

Source: MDBC (2006b)
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Figure B11.2  Flows required to inundate selected vegetation communities: Barmah–Millewa Forest
Source: Victorian Department of Sustainability and Environment (2008); GHD (2009); MDBA analysis of data in Water Technology (2009b)

The water needs of colonial nesting waterbirds within the Barmah–Millewa 
Forest have been informed by an analysis of the relationship between breeding 
attempts by colonial nesting birds at Barmah–Millewa and flow thresholds 
(Overton et al. 2009). This study reported a high probability of breeding 
attempts by ibis, spoonbills, herons and egrets after approximately 50 days 
of flows greater than 15,000 ML/d; flow thresholds to induce breeding 
are broadly consistent with Leslie (2001), which identified 18,330 ML/d 
and the Victorian Department of Sustainability and Environment (2008), 
which recommends 20,000 ML/d. It should be noted that the number of 
days corresponds to a high probability of a breeding attempt; however, for 
successful fledging, colonial nesters require an additional 2.5–3.5 months 
of flooding (i.e. 4–5 months in total; Overton et al. 2009). An MDBA 
analysis of modelled without-development flow data shows that flows of 
15,000 ML/d for five months duration are regularly associated with higher 
flow peaks(>30,000 ML/d) of shorter duration. These flows peaks are likely to 
be important for successful waterbird breeding by providing a shifting spatial 
and temporal mosaic of wetland inundation patterns (Overton et al. 2009) 
and healthy and productive foraging and nesting habitats.

Table B11.5 should be read in its entirety to understand the environmental 
water requirements of the Barmah–Millewa Forest. Although separation is 
shown between targets and flow rules, multiple flow rules will contribute to 
achieving each target. This approach has been used because it not possible 
to define a single flow threshold for the vegetation community targets. The 
species cover a wide range of flows and a single indicator would be misleading 
(MDBC 2006c). Therefore, although particular flow thresholds and durations 
may have been specified for particular targets, these should be read in 
combination with other recommendations as part of a broader flow regime.
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Table B11.5  Environmental water requirements: Barmah–Millewa Forest

Target

Event Proportion of years event 
required to achieve target 

Proportion of 
years event 

occurred under 
modelled 
without-

development 
conditions (%)

Proportion of 
years event 

occurred 
under 

modelled 
current 

arrangement 
conditions (%)

Flow 
required 

(measured at 
Yarrawonga; 

ML/d) Durationa Timing

Low  
uncertainty  

(%)

High 
uncertainty 

(%)

Maintain 100% of the current extent 
of freshwater meadows or shallow 
freshwater marshes in good condition

Maintain 100% of the current 
extent of moira grass plains in good 
condition

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

12,500
10 weeks total 
(with 7 day 
minimum)

June to 
November

80 70 87 50

16,000
14 weeks total 
(with 7 day 
minimum)

50 40 66 30

25,000
6 weeks total 
(with 7 day 
minimum)

50 40 66 29

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

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

Maintain 100% of the current extent 
of black box in good condition

35,000
1 month total 
(with 7 day 
minimum)

Preferably 
winter/spring 
but timing not 
constrained 
to reflect that 
high flows are 
dependent on 
occurrence 
of heavy 
rainfall and 
will be largely 
unregulated 
events

40 33 52 26

50,000
3 weeks total 
(with 7 day 
minimum)

30 25 39 18

60,000
2 weeks total 
(with 7 day 
minimum)

25 20 34 14

Provide conditions conducive to 
successful breeding of colonial 
nesting waterbirds

15,000
5 months total 
(with 7 day 
minimum)

June to 
December 30 30 44 12

a Duration is expressed both as a total and minimum duration, allowing multiple smaller flow events that met the minimum duration criteria to comprise a successful event. 
Minimum durations are therefore a subset of total duration and should not be read independently. MDBA analysis showed that if a minimum duration is not specified and 
individual events must meet the total duration criteria, this resulted in a significantly reduced proportion of years.

Figure B11.3 represents the recommended environmental water requirements 
for the Barmah–Millewa Forest in a different format. The proportion of 
years a flow event occurs is reported for each flow threshold and duration 
recommended to sustain the indicator site. These include the modelled 
without-development, current arrangements, and the low or high uncertainty 
proportion of years. Proportions are shown for the entire model period 
(1895–2009). This shows that recommended environmental watering 
requirements are, to varying degrees, within the without-development to 
current arrangements proportions over the historical record.

Environmental water requirements for the Barmah–Millewa Forest indicator 
site have been specified as daily targets. Hydrological modelling undertaken 
by MDBA to determine long-term average sustainable diversion limits 
for the Murray–Darling Basin required these daily water requirements to 
be aggregated to monthly demand volumes, to allow this demand to be 
incorporated into River Murray monthly simulation model.

Risks
The ability of the Barmah–Millewa Forest to recover from the recent drought 
is a risk. The reported condition of the Millewa Forest as part of the larger 
NSW Central Murray State Forests Ramsar site has declined significantly 
under the influence of the drought coupled with the cumulative impacts of 
river regulation (GHD 2009). GHD (2009) reported that the ‘droughting’ of 
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river red gums through changes to the natural wetting and drying cycles had 
impacted significantly on their health and vigour. The condition of river red 
gum forests in the Millewa Forest has been assessed as poor with only 20% of 
the forests in healthy condition despite managed floods in 2005–06 as part 
of an environmental water allocation (GHD 2009). Similarly, Cunningham 
et al. (2009) used Land Sat imagery and on-ground surveys to predict the 
condition of river red gum and black box stands at The Living Murray icon 
sites. The model predicted that 21% of vegetation communities within the 
Barmah–Millewa Forest were in good condition with the remaining 79% 
considered in ‘stressed condition’, with the Barmah portion generally in better 
condition than the Millewa portion.
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Figure B11.3   Recommended environmental water requirements and the proportion of their occurrence under 
without-development and current arrangements flows, 1895–2009: Barmah–Millewa Forest

However, notwithstanding the risk, the current condition of the site should 
not be seen as reason for inaction. There is evidence that the areas of Millewa 
Forest that received environmental water (2005–06) are generally healthier 
than in Koondrook, which received no water in 2005–06 (GHD 2009). 
In addition, positive responses by tree and understorey vegetation and a 
variety of fauna species, including waterbirds, frogs and fish, have been 
observed following relatively small-scale watering activities as part of The 
Living Murray program at the Chowilla Floodplain, Hattah Lakes, Barmah–
Millewa Forest and Gunbower–Koondrook–Perricoota Forest (MDBC 2007; 
McCarthy et al. 2009; Newall et al. 2009). Although watering activities have 
been localised, they indicate the likelihood of the asset recovering in response 
to broader actions. This is supported by the NSW Central Murray State 
Forests Ramsar site ecological character description, which identifies managed 
flood events using environmental water allocations as a critical component of 
ecological character (GHD 2009). For this reason, objective targets have not 
been modified in response to current condition.
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Timber production and harvesting is another potential threat to the 
ecological condition of the Barmah–Millewa Forest. The NSW Central 
Murray State Forests Ramsar site has been managed purposefully for 
timber production for over 100 years, and featured a suite of multiple-use 
forest management activities at the time of its listing (GHD 2009). GHD 
(2009) noted that, despite the long history of timber harvesting, the forests 
retain elements of trees older than European settlement, and areas that 
are structurally equivalent to undisturbed forest. Further, the ecological 
character at the time of listing reflected the continuing economic uses of 
these forests, including timber harvesting. In May 2010, the New South 
Wales Government passed legislation to establish river red gum protected 
areas in the Riverina, including immediate protection of the entire Millewa 
Forest (42,000 ha) within a national park. This reduced the potential impact 
of future timber harvesting activities on the condition of the Barmah–
Millewa Forest. For this reason, objectives associated with maintaining 
ecological character have not been modified in response to historical timber 
harvesting activities.

Table B10.6  Species relevant to criteria 1 and 4: Barmah–Millewa Forest

Species

Recognised in 
international 

agreement(s)1

Environment 
Protection and 

Biodiversity 
Conservation 

Act 1999 (Cwlth) 

Fisheries 
Management 

Act 2004 
(NSW)

Threatened 
Species 

Conservation 
Act 1995 

(NSW)

Flora and 
Fauna 

Guarantee 
Act 1998 

(Vic.)

Amphibians and reptiles

Bibron’s or brown toadlet (Pseudophryne bibronii)2, 4 E

Carpet python (Morelia spilota metcalfei)4 E

Southern bell or growling grass frog (Litoria raniformis)4 V E E

Birds

Australasian bittern (Botaurus poiciloptilus)3, 4 V E

Barking owl (Ninox connivens)3 V E

Black-chinned honeyeater (eastern subspecies) 
(Melithreptus gularis gularis)3 V

Blue-billed duck (Oxyura australis)3 V E

Brolga (Grus rubicunda)4 V V

Brown treecreeper (Climacteris picumnus)3 V

Bush stone-curlew (Burhinus grallarius)3 E E

Caspian tern (Sterna caspia)5  NT

Cattle egret (Bubulcus ibis)5 

Diamond firetail (Stagonopleura guttata)3, 4 V V

Eastern great egret (Ardea modesta)2  V

Forked-tailed swift (Apus pacificus)5 

Freckled duck (Stictonetta naevosa)3 V E

Gilbert’s whistler (Pachycephala inornata)3 V

Glossy ibis (Plegadis falcinellus)5 

Greenshank (Tringa nebularia)5 

Grey-crowned babbler (eastern subspecies) (Pomatostomus 
temporalis temporalis)4 V E

Hooded robin (Melanodryas cucullata)3 V NT

Intermediate egret (Ardea intermedia)4 CE

Latham’s snipe (Gallinago hardwickii)5 

Lewin’s rail (Lewinia pectoralis)4 V

Little bittern (Ixobrychus dubius)2, 4, 5 E

… continued
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Table B10.6  Species relevant to criteria 1 and 4: Barmah–Millewa Forest (continued)

Species

Recognised in 
international 

agreement(s)1

Environment 
Protection and 

Biodiversity 
Conservation 

Act 1999 (Cwlth) 

Fisheries 
Management 

Act 2004 
(NSW)

Threatened 
Species 

Conservation 
Act 1995 

(NSW)

Flora and 
Fauna 

Guarantee 
Act 1998 

(Vic.)

Little egret (Egretta garzetta)2, 4 E

Marsh sandpiper (Tringa stagnatilis)5 

Masked owl (Tyto novaehollandiae)3, 4 V V

Painted honeyeater (Grantiella picta)2, 3, 4 V V

Painted snipe (Rostratula australis)5  V E CE

Red-necked stint (Calidris ruficollis)5 

Regent honeyeater (Anthochaera phrygia)4 E E CE

Sharp-tailed sandpiper (Calidris acuminata)5 

Square-tailed kite (Lophoictinia isura)4 V V

Superb parrot (Polytelis swainsonii)2, 4, 5 V V E

White-bellied sea-eagle (Haliaeetus leucogaster)2, 4, 5  V V

White-throated needletail (Hirundapus caudacutus)5 

Fish

Flat-headed galaxias (Galaxias rostratus)2 CE

Freshwater catfish (Tandanus tandanus)2 E E

Macquarie perch (Macquaria australasica)2 E E E

Murray cod (Maccullochella peelii peelii)2 V V E

Murray–Darling rainbowfish (Melanotaenia fluviatilis)2 DD

Silver perch (Bidyanus bidyanus)2 V CE

Trout cod (Maccullochella macquariensis)2 E E CE

Mammals

Brush-tailed phascogale (Phascogale tapoatafa)4 V V

Koala (Phascolarctos cinereus)3 V

Southern myotis (Myotis macropus)3 V NT

Squirrel glider (Petaurus norfolcensis)2 V E

Yellow-bellied sheathtail bat (Saccolaimus flaviventris)3 V

Plants

Buloke (Allocasuarina luehmannii)4, 5 L

Fat spectacles (Menkea crassa)4 E

Mountain swainson-pea (Swainsona recta)2 E E E

Mueller daisy (Brachyscome muelleroides)2 V E

River or floating swamp wallaby-grass (Amphibromus fluitans)5 V V

Small scurf-pea (Cullen parvum)4 E E E

Violet swainson-pea (Swainsona adenophylla)4 E E

Yellow-tongue daisy (Brachyscome chrysoglossa)4 V

Communities

Lowland Murray River endangered ecological community6 E

Lowland riverine fish community of the southern 
Murray–Darling Basin2 L

E = endangered   CE = critically endangered   DD = data deficient   L = listed   NT = near threatened   T = threatened   V = vulnerable
1 Japan–Australia Migratory Bird Agreement, China–Australia Migratory Bird Agreement, or Republic of Korea – Australia Migratory Bird Agreement
2 Victorian Department of Sustainability and Environment (2008)
3 NSW Department of Environment, Climate Change and Water (2009e)
4 Victorian Department of Sustainability and Environment (2009a)
5 GHD (2009)
6 NSW Department of Primary Industries (2007)
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Edward–Wakool River System
The Edward–Wakool River System is a major anabranch and floodplain of 
the River Murray and covers more than 1,000 km2 between the Murray 
and Edward rivers (Figure B12.1). The system includes a diversity of wetland 
and riverine habitats that are of cultural, economic and environmental 
significance to the Murray region (Green 2001).

The Edward–Wakool River System contains a complex network of 
interconnecting regulated streams and ephemeral wetlands, including 
billabongs, lagoons, depressions, creeks, flood runners and lakes. The region 
is criss-crossed with ephemeral creeks, some greater than 100 km long, that 
require moderate to large floods of suitable duration before they receive 
water. These creeks include Cochrans Creek, Yarrien Creek, Murrain Yarrien 
Creek and Wee Wee Creek. The ephemeral anabranches support a variety of 
flood-dependent vegetation communities and they also provide a link to large 
deflation basins, such as Poon Boon Lakes, Coobool Swamp and Lake Agnes 
(Green 2001).

Since 2000, the NSW Murray Wetlands Working Group, with the assistance 
of Murray Irrigation and the local community, has provided over 28,000 ML 
of water to 93 wetland sites covering more than 4,000 ha in the area bounded 
by the Edward–Wakool River System (Bowen & Nias 2008). This action 
highlights the importance placed on these wetlands by the local community. 
As a result of environmental water allocation, managed flood events are now a 
critical component of the ecological character of the wetlands (GHD 2009).

The extent of the indicator asset has been defined using a number of data 
sources. The Wetlands Global Information System of the Murray–Darling 
Basin series 2.0 dataset (Kingsford, Thomas & Knowles n.d.) was used 
to determine the downstream extent as the junction of Wee Wee Creek 
and River Murray. The upstream extent of the asset was determined as the 
junction of Tuppal Creek and Edward River by using data from A Directory 
of Important Wetlands in Australia (Department of the Environment, Water, 
Heritage and the Arts 2001). The AusHydro watercourse lines dataset was 
used to define the extent of the Wakool River. Spatial data used to define the 
extent of this site is listed in Table B1.3.

The Werai Forest comprises the northern portion of the NSW Central 
Murray State Forest, which was Ramsar-listed in 2003 (GHD 2009). It 
covers an area of about 11,000 ha and is one of the larger forested areas in the 
Edward–Wakool River System. It is predominantly red gum and black box, 
but contains areas of reed beds and other low-lying wetlands that in the past 
have provided a suitable waterbird breeding habitat.

Values
The Edward–Wakool River System has been identified as a hydrologic 
indicator site in the Murray–Darling Basin by meeting four of the five 
Murray–Darling Basin Authority (MDBA) key environmental asset criteria 
(see Table B12.1).
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Table B12.1  MDBA key environmental assets criteria: Edward–Wakool River System

Criterion Explanation

1.  Formally recognised in, and/or 
is capable of supporting species 
listed in, relevant international 
agreements

The Edward–Wakool River System is formally recognised in, or is capable of supporting species listed in, the Japan–
Australia Migratory Bird Agreement, the China–Australia Migratory Bird Agreement or the Republic of Korea – Australia 
Migratory Bird Agreement. For a full list of species recorded in the Edward–Wakool River System that are listed under 
Commonwealth legislation, see Table B12.5.

3. Provides vital habitat

The site provides: an important breeding/spawning habitat for native birds and fish; migratory routes between instream 
and floodplain habitats; a highly significant drought refuge during dry seasons, and favourable habitat during wet 
seasons. Gilligan, Vey and Asmus (2009) mapped drought refugia within the Edward–Wakool River System and 
suggest that due to the presence of large populations of conservationally significant native fish (see criteria 4 and 5), the 
Edward–Wakool is an important drought refuge to aid in the post-drought recovery of the River Murray.

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

The Edward–Wakool River System meets this criterion because it supports species listed as threatened under state and 
Commonwealth legislation. For a full list of species that have been recorded at the site see Table B12.5.

5.  Supports, or is capable of 
supporting, significant biodiversity

The Edward–Wakool River system, including Werai Forest, has been assessed as a ‘site of high biodiversity for native 
fish’ after analysing and comparing data for sample locations across New South Wales (data sourced from freshwater 
fish research database, New South Wales Industry and Investment). Similarly, the Sustainable Rivers Audit sampling 
undertaken in 2005 indicates the fish community of these anabranches includes large populations of the vulnerable 
Murray cod (listed under the Environmental Protection and Biodiversity Conservation Act 1999 (Cwlth)) and silver perch 
(listed under the Fisheries Management Act 2004 (NSW)) (Davies et al. 2008). Sampling at this asset provided the 
fourth and third highest abundances for these two species across all catchment zones within the entire Murray–Darling 
Basin (Davies et al. 2008).

Hydrology
The main watercourses that carry flow into the Edward–Wakool River 
System from the River Murray are the Edward River and the Gulpa Creek, 
which begin in the Barmah–Millewa Forest. When River Murray flow 
at Yarrawonga Weir is greater than 10,400 ML/d the flow exceeds the 
capacity of the main channel through the Barmah Choke. When this occurs 
substantial volumes of water are diverted down the Edward River and, 
ultimately to the Werai forests (GHD 2009). During moderate to high floods, 
however, the Edward–Wakool is supplemented with water from the Bullatale 
and Tuppal creeks, which flow out of the River Murray between Tocumwal 
and the Barmah–Millewa Forest. In addition, the Thule and Barbers creeks 
(unregulated via Koondrook–Perricoota Forest) and Little Merran and Waddy 
creeks (both regulated) leave the River Murray between Echuca and Swan 
Hill and flow into the lower Wakool River at various locations. The Poon 
Boon lakes system provides another link between the Murray and Wakool 
rivers during larger flood events. The Billabong Creek, which flows into the 
Edward River at Moulamein, provides water from its own catchment as well 
as regulated and flood flows from the Murrumbidgee River (Green 2001).

Due to the geography of the central Murray floodplain, the Edward–
Wakool River System carries a significantly greater volume of water than 
the River Murray during moderate and major flooding (GHD 2009). For 
example, in 1993 the peak flow at Stoney Crossing on the Wakool River 
was 103,000 ML/d, whereas the River Murray at Swan Hill was only 
34,000 ML/d. Flood waters in the Edward River at Deniliquin also expand 
into the very large Edward–Wakool system, generally flowing in a north-
westerly direction, before finally returning to the River Murray some 200 km 
to the west at Wakool junction (GHD 2009). Large areas of floodplain, 
including black box depressions, become inundated during large flood events.
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The nature of flooding in the Edward–Wakool system is complex, as flow 
can arrive from a number of locations independently or at the same time. 
On average the Werai forests are flooded 3 to 4 days after the Millewa 
forests are flooded (GHD 2009). The ‘commence-to-flow’ of a wetland is 
the discharge (ML/d) at a nearby river gauge when a wetland starts to fill 
(Green et al. 1998). The commence-to-flow for many wetlands in the area has 
been identified, but it is the duration of an event that is critical, as many of 
the wetlands are linked by long ephemeral streams that may require inflow 
for many weeks before water reaches the end. Some of the critical flow rates 
compiled by Green and Alexander (2006), in ascending order, include:

•	 1,500 ML/d at Deniliquin to ensure flow to the main regulated 
anabranches for fish habitat

•	 3,500 ML/d at Stevens Weir (generally greater than 6,000 ML/d at 
Deniliquin) for significant flooding of reed beds and low-lying red gums 
in Werai Forest

•	 18,000 ML/d at Deniliquin for more than one month to achieve 
significant flooding of red gum forests and some ephemeral streams

•	 30,000 ML/d at Deniliquin for more than three weeks for most ephemeral 
streams such as Cochrans Creek, Wee Wee Creek and Yarrien Creek and 
some areas of black box. Such an event would also provide greater than 
25,000 ML/d in the River Murray at Swan Hill, which would provide 
some inflow to the Poon Boon Lakes.

River regulation is a fundamental part of the Murray–Darling system and 
has played a significant role in shaping the ecological character of the NSW 
Central Murray State Forest, including Werai Forest (GHD 2009). The 
flows in the Edward River reflect seasonal water demands, with higher flows 
in the summer months during the irrigation season and lower flows during 
the winter months. The general impacts of river regulation on the hydrology 
of the Murray valley include reduced variability of instream flow; reduced 
flood frequency; reduced flood extent; reduced flood duration; an increase 
in summer and autumn streamflow; and a shift in the timing of flood peaks 
(GHD 2009). River regulation has been implicated in the steady decline of 
ecosystem health for the NSW Central Murray State Forest over the past 
75 years, with inappropriate flood regimes being the main factor having an 
adverse impact on the ecological character of the site (GHD 2009).

Environmental objectives and targets
The following environmental objectives have been proposed for the Edward–
Wakool River System using the key environmental asset criteria.

Targets to achieve these objectives have been specified for flood-dependent 
vegetation communities considered essential to support wetland processes and 
to provide crucial habitat for identified flora and fauna species. The targets to 
achieve these objectives are outlined in Table B12.2.

The environmental objectives relate to the full mosaic of river, wetland and 
floodplain habitats across the Edward–Wakool River System. The targets have 
been developed with consideration of the ecological character description for 
the Ramsar site (Werai Forest) (GHD 2009) and observations by Gilligan, 
Vey and Asmus (2009) regarding the role and importance of drought refugia 
within the Edward–Wakool system.

Unlike other indicator sites along the River Murray, there has not been 
comprehensive mapping of vegetation types and other habitat components 
across the large, complex Edward–Wakool River System, with information 
only available for the Werai Forest (GHD 2009). Accordingly, environmental 
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targets in Table B12.2 are not expressed in the same format (% of extent) as 
used for many vegetation communities. The total extents are not well defined, 
and it was not possible to derive justifiable percentage targets for the whole 
Edward–Wakool system.

Table B12.2  Environmental objectives and targets: Edward–Wakool River System

Objectives Justification of targets Target

1. To conserve the Ramsar site 
consistent with its ecological 
character and to protect and restore 
ecosystems that support migratory 
birds listed under international 
agreements (Criterion 1)

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

3. To protect and restore water-
dependent ecosystems that support 
Commonwealth-, state- or territory-
listed threatened species and 
communities (Criterion 4)

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

Objectives 2–4 will be fulfilled if various components of the 
Edward–Wakool River System that are recognised as vital habitat 
and drought refuge for native fish populations (including Murray 
cod) are maintained

Maintain current extent of vital fish habitats 
(>1,000 km; Green & Alexander 2006; Gilligan, 
Vey & Asmus 2009) in permanent and 
semipermanent regulated rivers and creeks

Objectives 1–4 will be fulfilled if reed beds and wetlands relatively 
low in the landscape are restored and maintained to support 
waterbird breeding events and restore wetland diversity

Maintain 100% of current extent (400 ha; Green & 
Alexander 2006) of reed bed and other low-lying 
wetlands in Werai Forest in good condition

Objectives 1 and 2 will be fulfilled if conditions conducive to 
breeding of colonial nesting waterbirds are provided in Werai Forest

Provide conditions conducive to successful 
breeding of colonial nesting waterbirds in Werai 
Forest

Red gum woodlands are productive habitats that support bird 
foraging and breeding after flood events. Objective 1 will be fulfilled 
if breeding of species listed under migratory bird agreements is 
supported by inundation of red gum woodlands.

Maintain >15,000 ha forests and woodland in 
good condition (>9,000 ha of red gum in Werai 
Forest (GHD 2009) and similar, unmapped area 
of red gum along the rest of the system (D Green  
2010, pers. comm., 12 May))

Objectives 1 and 4 will be fulfilled by supporting diverse wetland 
vegetation and enhancing connectivity between the floodplain and 
river system

Maintain >600 km of ephemeral wetlands and 
watercourses in good condition e.g. Wee Wee 
and Cochrans creeks (Green & Alexander 2006)

Black box woodland is important habitat for a range of species. 
Objectives 2 and 4 will be fulfilled by maintaining/enhancing a 
significant portion of the current mosaic of black box and other 
wetlands that are very high on the floodplain, or have been 
‘disconnected’ from the river by development.

Maintain >2,000 ha of black box woodlands in 
good condition (>800 ha of black box woodland 
in Werai Forest (GHD 2009) and area of black 
box woodland along the rest of the system that is 
inundated at similar flow levels (D Green 2010, 
pers. comm., 12 May))

Environmental water requirements
The ecological character description for the NSW Central Murray State 
Forest (incorporating Werai Forest) identifies hydrology as the key driver of 
the system, with variation in flood regime across the River Murray floodplain 
being the primary determinant of vegetation composition and structure 
(GHD 2009).

No single existing plan or document sets out the water requirements of 
the Edward–Wakool River System, although the Murray Catchment 
Management Authority is in the process of developing this based on existing 
information. Floodplain inundation at different streamflow levels and forest 
health have both been spatially mapped for the Koondrook forests, and are in 
preparation for the Millewa forests, but the Werai forests are a data gap and 
have not been modelled (GHD 2009).

Information has been drawn from nearby sites, including the NSW 
Central Murray State Forest, as these sites are likely to have similar water 
requirements to the Edward–Wakool River System. The ecological character 
description for the NSW Central Murray State Forest Ramsar site (GHD 
2009) sets out flood frequencies and durations of selected biological 
components before river regulation. These are presented in Table B12.3.
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Table B12.3   Flood frequency, duration and timing before river regulation, NSW Central Murray State Forest: 
Edward–Wakool River System

Habitat type
Flood frequency  
(% of years with flood) Duration (months) Season

Floodplain depression/marshes 75–100 7–10 winter – mid-summer

River red gum forest 40–92 5 winter – spring

River red gum woodland 33–46 1–2 spring

Black box woodland 14–33 1–4 winter – spring

Colonial nesting waterbirds Suitable flood events for successful breeding must occur 
within the lifespan of the species >4, slow recession winter – spring

Source: GHD (2009)

Determination of the magnitude, duration, frequency and timing of flows 
required to achieve the specified targets was based primarily on assessment 
of data contained within the River Murray Wetland Database collated by 
the NSW Murray Wetlands Working Group (Green & Alexander 2006). 
Commence-to-flow levels in the River Murray Wetland Database are based 
on satellite image analysis, field inspection and local knowledge. The flow 
regime specified in Table B12.4 is an amalgam of: information from the 
database; the ecological character description for Werai Forest (GHD 2009); 
existing literature on water requirements of vegetation communities (Roberts 
& Marston 2000), and on-ground inundation observations. This information 
was then filtered through analysis of modelled without-development data 
and current arrangements flow data. Thresholds selected in Table B12.4 are 
intended to represent a range of wetland types and vegetation communities 
across the floodplain of the Edward–Wakool River System, but due to the 
vast size and complexity of this floodplain, the response will be variable across 
the system.

It should be noted that Table B12.4 should be read in its entirety to 
understand the environmental water requirements of the Edward–Wakool 
River System hydrologic indicator site. Although separation is shown 
between targets and flow rules, multiple flow rules will in fact contribute to 
achievement of each target. This approach has been used in The Barmah–
Millewa Forest icon site environmental management plan 2006–2007 
(Murray–Darling Basin Commission 2006b). It is not possible to define a 
single hydrologic indicator for the vegetation community targets as the species 
cover a wide range of flows and a single indicator would be misleading. 
Therefore, while flow thresholds and durations may have been specified 
for particular targets, these should be read in combination with other 
recommendations as part of a broader flow regime.

The Edward–Wakool River System is recognised as an important fish habitat, 
particularly as drought refuge, not only at a local scale but also at the broader 
Basin scale. This importance is given because of the widespread decline of fish 
populations as shown through Sustainable Rivers Audit monitoring  
(Davies et al. 2008). Environmental water requirements for the Edward–
Wakool River System have been developed to take into account the 
importance of native fish populations. The modelled low and high 
uncertainty proportions also reflect current arrangements, where regulation 
has increased the frequency of low flows, and is likely to have contributed 
to sustaining native fish populations within the Edward–Wakool system 
(Table B12.4). This approach differs to the general approach adopted to 
define environmental water requirements for indicator sites, where modelled 
without-development flow data is used as a reference to determine the 
water requirements.
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Figure B12.2   Ecosystem components and associated environmental water requirements:  
Edward–Wakool River System

Source: MDBA analysis, based on Green & Alexander (2006)

Figure B12.2 is a conceptual representation of the environmental water 
requirements for the Edward–Wakool River System, showing the relationship 
between hydrology and inundation of important ecosystem components.

Figure B12.3 represents the recommended environmental water requirements 
for the Edward–Wakool River System in a different format. A range 
of flow proportions are reported for each flow threshold and duration 
suggested to sustain the indicator site. These include the modelled 
without-development, current arrangements and low/high uncertainty 
proportion of years. Proportions are shown for the entire model period 
(1895–2009). This plot shows that recommended environmental watering 
requirements are, to varying degrees, within the without-development 
to current arrangements proportion over the historical record. Note that 
the 1,500 ML/d recommendation is not shown in the box plot as the 
recommended proportion is greater than both without-development and 
current arrangement proportions.

Environmental water requirements for the Edward–Wakool River System 
have been specified as daily targets (Table B12.4). Hydrologic modelling 
undertaken by MDBA to determine long-term average sustainable diversion 
limits for the Murray–Darling Basin requires these daily water requirements 
to be aggregated to monthly demand volumes in order to allow this demand 
to be incorporated into the River Murray monthly simulation model.
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Table B12.4  Environmental water requirements: Edward–Wakool River System

Target

Event
Proportion of years event 

required to achieve target (%) Proportion of 
years event 

occurred under 
modelled 
without-

development 
conditions (%)

Proportion of 
years event 

occurred under 
modelled 
current 

arrangements 
(%)

Flow 
required 
(Edward 
River at 

Deniliquin) 
ML/d Durationa Timing

Low 
uncertainty

High  
uncertainty

Maintain current extent of vital fish 
habitats (>1000 km) in permanent 
and semipermanent regulated 
rivers and creeks

1,500

180 days 
in total 

(with 1 day 
minimum)

June to 
March 100 99 76 96

Maintain 100% of the current 
extent (400 ha) of reed bed and 
other low-lying wetlands in Werai 
Forest in good condition

5,000

60 days 
in total 

(with 7 day 
minimum)

June to 
December

70 60 82 39

Provide conditions conducive to 
successful breeding of colonial 
nesting waterbirds in Werai Forest 

5,000

120 days 
in total 

(with 7 day 
minimum)

40 35 52 23

Maintain >15,000 ha of red gum 
forests and woodland in good 
condition

Maintain >200 km of ephemeral 
wetlands and watercourses in 
good condition

18,000

28 days 
in total 

(with 5 day 
minimum)

30 25 40 15

Maintain >600 km of ephemeral 
wetlands and watercourses in 
good condition

Maintain >2,000 ha of black box 
woodlands in good condition

30,000

21 days 
in total 

(with 6 day 
minimum)

20 17 28 13

a Duration is expressed both as a total and minimum duration, allowing multiple smaller flow events that meet the minimum duration criteria to comprise a successful event. 
Minimum durations are therefore a subset of total duration and should not be read independently. MDBA analysis showed that if a minimum duration is not specified and 
individual events must meet the total duration criteria, this resulted in a significantly reduced proportion of years.

Risks

Water quality risks associated with delivery of 
environmental water
According to Gilligan, Vey and Asmus (2009), risks associated with delivering 
environmental flows into drought-affected waterways are: the creation of 
hypoxic and toxic blackwater flows; the mobilisation of poor quality water 
that can impact on refugia with better quality water downstream; or rapid 
changes in water quality (such as temperature, pH or salinity) that exceed 
the acclimatisation capacity of fish. Fish population monitoring within 
the Edward–Wakool River System following watering during 2007–08 
showed there were no obvious adverse effects due to declines in water quality 
(Gilligan, Vey & Asmus 2009). In contrast, a blackwater event and associated 
fish deaths were recorded in the Edward–Wakool system in 2009. This 
suggests that, depending on antecedent conditions, there is potential for 
short-term decline and issues associated with environmental watering events. 
These short-term risks should be managed in the context of an overall long-
term improvement in ecological condition associated with implementing a 
more natural flow regime.
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Figure B12.3   Recommended environmental water requirements and the proportion of their occurrence under 
modelled without-development flows and current arrangements, 1895–2009: Edward–Wakool 
River System

Condition of the asset and impact on targets
The condition of the Werai Forest as part of the larger Edward–Wakool River 
System is reported to have declined significantly under the drought, coupled 
with the cumulative impacts of river regulation (GHD 2009). GHD (2009) 
reported that the ‘droughting’ of river red gums through changes to the 
natural wetting and drying cycles had significantly impacted on their health 
and vigour. In 2006, the condition of river red gum forests in Werai Forest 
was assessed as poor with the majority unhealthy. As an example, 92% of red 
gum forests with flood-tolerant understorey were ‘highly stressed, near dead 
and dead’ (GHD 2009). This is believed to be representative of the condition 
of the entire Edward–Wakool River System.

The current condition of the site should not be seen as reason for inaction. 
There is evidence that areas of the Millewa and Werai forests that received 
environmental water in 2005–06 are generally healthier than in Koondrook 
(which received no water in 2005–06) (GHD 2009). The Murray–Darling 
Basin Commission (2007) and Newall et al. (2009) also identified the 
positive response from watering activities at Living Murray icon sites. While 
the watering activities have been localised, they indicate the likelihood of 
recovery of the broader asset in response to broader actions. For this reason, 
objective targets have not been modified in response to current condition.

Timber production and harvesting is another potential threat to the 
ecological condition of the Edward–Wakool River System. The NSW Central 
Murray State Forests Ramsar site has been purposefully managed for timber 
production for over 100 years and featured forest management activities at 
the time of its listing (GHD 2009). GHD (2009) note that despite the long 
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history of timber harvesting, the forests retain elements of pre-European aged 
trees and areas which are structurally equivalent to undisturbed forest. The 
ecological character at the time of listing reflects the continuing economic 
uses of these forests, including timber harvesting. In March 2010, the New 
South Wales Government announced the establishment of river red gum 
protected areas in the Riverina, within Indigenous protected areas and 
national parks, including Werai Forest and along the Edward and Wakool 
rivers, thereby reducing the potential impact of future timber harvesting 
activities on the condition of the Edward–Wakool River System. For these 
reasons, objectives regarding maintaining ecological character have not been 
modified in response to historical timber harvesting activities.

Table B12.5   Species relevant to criteria 1 and 4: Edward–Wakool River System

Species

Recognised in 
international 
agreement(s)1

Environmental Protection 
and Biodiversity 
Conservation Act 1999 
(Cwlth)

Fisheries 
Management Act 
2004 (NSW)

Threatened 
species 
conservation Act 
1995 (NSW)

Amphibians and reptiles

Southern bell or growling grass frog (Litoria raniformis)4 E

Birds

Australasian bittern (Botaurus poiciloptilus)3 V

Barking owl (Ninox connivens)4 V

Black-chinned honeyeater (eastern subspecies) (Melithreptus 
gularis gularis)4

V

Blue-billed duck (Oxyura australis)5

Brown treecreeper (Climacteris picumnus)4 V

Bush stone-curlew (Burhinus grallarius)4 E

Caspian tern (Sterna caspia)3 

Cattle egret (Ardea ibis)3 

Diamond firetail (Stagonopleura guttata)4 V

Eastern great egret (Ardea modesta)3 

Forked-tailed swift (Apus pacificus)3 

Freckled duck (Stictonetta naevosa)5

Glossy ibis (Plegadis falcinellus)3 

Greenshank (Tringa nebularia)3 

Grey-crowned babbler (eastern subspecies) (Pomatostomus 
temporalis temporalis)4

V

Latham’s snipe (Gallinago hardwickii)3 

Marsh sandpiper (Tringa stagnatilis)3 

Painted snipe (Rostratula australis)3  V

Red-necked stint (Calidris ruficollis)3 

Regent honeyeater (Xanthomyza phrygia)4 E

Regent parrot (eastern subspecies) (Polytelis anthopeplus 
monarchoides)4

E

Sharp-tailed sandpiper (Calidris acuminata)3 

Speckled warbler (Chthonicola sagittata)4 V

Superb parrot (Polytelis swainsonii)3 V V

Turquoise parrot (Neophema pulchella)4 V

White-bellied sea-eagle (Haliaeetus leucogaster)3 

White-throated needletail (Hirundapus caudacutus)3 

… continued
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Table B12.5   Species relevant to criteria 1 and 4: Edward–Wakool River System (continued)

Species

Recognised in 
international 
agreement(s)1

Environmental Protection 
and Biodiversity 
Conservation Act 1999 
(Cwlth)

Fisheries 
Management Act 
2004 (NSW)

Threatened 
species 
conservation Act 
1995 (NSW)

Fish

Murray cod (Maccullochella peelii peelii)2, 7 V

Murray hardyhead (Craterocephalus fluviatilis)3 V CE

Silver perch (Bidyanus bidyanus)3, 7 V

Trout cod (Maccullochella macquariensis)3, 7 E E

Unspecked hardyhead (Craterocephalus stercusmuscarum 
fulvus)2, 7

E

Mammals

Brush-tailed phascogale (Phascogale tapoatafa)4 V

Plants

Austrostipa metatoris4 V V

Austrostipa wakoolica4 E E

Bitter quandong (Santalum murrayanum)4 E

Boland yellow gum (Eucalyptus leucoxylon pruinosa)4 V

Chariot wheels (Maireana cheelii)4 V

River or floating swamp wallaby-grass (Amphibromus fluitans)4 V

Silky swainson-pea (Swainsona sericea)4 V

Slender Darling pea (Swainsona murrayana)4 V

Western water-starwort (Callitriche cyclocarpa)4 V

Winged peppercress (Lepidium monoplocoides)4 E

Communities

Murray River endangered ecological community6 E

CE=critically endangered   E = endangered   V = vulnerable
1 Japan–Australia Migratory Bird Agreement, China–Australia Migratory Birds Agreement, or Republic of Korea – Australia Migratory Bird Agreement
2 NSW Department of Environment, Climate Change and Water (2009a)
3 GHD (2009)
4 NSW Department of Environment, Climate Change and Water (2009e)
5 Department of the Environment, Water, Heritage and the Arts (2010b)
6 NSW Department of Primary Industries (2007)
7 Gilligan, Vey & Asmus (2009b)
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Gunbower–Koondrook–Perricoota Forest
The Gunbower–Koondrook–Perricoota Forest hydrologic indicator site covers 
approximately 51,000 ha of the River Murray floodplain downstream of 
Torrumbarry Weir, between Echuca and Barham (Figure B13.1). Gunbower 
Forest is on the Victorian side of the River Murray and Koondrook–
Perricoota Forest is on the New South Wales side. For the purpose of 
determining environmental water requirements, the forests are treated as 
one asset because they are connected hydrologically and typically flood as a 
single unit.

Gunbower Forest and Koondrook–Perricoota Forest differ in structure. 
Gunbower Forest has more permanent and semipermanent wetlands, partly 
as a result of a lower commence-to-flow threshold, but also because of its 
different geomorphology. Gunbower’s wetlands are interconnected by a series 
of flood runners, and surrounded by river red gum (Eucalyptus camaldulensis) 
forest, river red gum woodlands and black box (E. largiflorens) and grey box 
(E. moluccana) woodlands. Koondrook–Perricoota Forest is predominantly a 
river red gum forest, dissected by intermittent flood runners. Black and grey 
box woodlands fringe the river red gum forest on the higher, less frequently 
flooded areas. Areas of these habitat types in Gunbower and Koondrook–
Perricoota forests are shown in Table B13.1.

The boundary of the Gunbower–Koondrook–Perricoota Forest hydrologic 
indicator site is that delineated in the Ramsar wetlands of Australia dataset. 
Spatial data used in this map is listed in Table B1.3.

Table B13.1  Habitat types and areas: Gunbower–Koondrook–Perricoota Forest

Habitat types
Gunbower

total area (ha)
Koondrook–Perricoota

total area (ha)

Permanent wetlands 381 0

Semipermanent wetlands 992 1,700

River red gum (flood-dependent understorey) 8,423 19,000

River red gum (flood-tolerant understorey) 4,509 7,000

Black box woodland 3,126 4,000

Other 1,768 300

All types 19,200 32,000

Source: compiled from unpublished data on The Living Murray icon site provided by the Victorian 
Department of Sustainability and Environment and NSW Department of Primary Industries (Forests NSW)

Values
The Gunbower–Koondrook–Perricoota Forest has been identified as a key 
environmental asset because it meets all five of the Murray–Darling Basin 
Authority (MDBA) key environmental assets criteria (Table B13.2). It is also 
an icon site under The Living Murray program.

The entire asset is listed, in two parts, as a Ramsar wetland of 
international importance:

•	 Gunbower Forest on the Victorian side of the River Murray
•	 Koondrook–Perricoota Forest on the New South Wales side of the River 

Murray (part of the New South Wales Central Murray State Forests 
Ramsar site)
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Table B13.2  MDBA key environmental assets criteria: Gunbower–Koondrook–Perricoota Forest

Criterion Explanation

1.  Formally recognised in, and/or is capable of supporting 
species listed in, relevant international agreements

The Gunbower–Koondrook–Perricoota Forest is formally recognised in, or is capable of 
supporting species listed in, the Japan–Australia Migratory Bird Agreement, the China–
Australia Migratory Bird Agreement or the Republic of Korea–Australia Migratory Bird 
Agreement. For a full list of species listed under Commonwealth legislation that have been 
recorded at Gunbower–Koondrook–Perricoota Forest, see Table B13.6.

2. Natural or near-natural, rare or unique

The NSW Central Murray State Forests Ramsar site, which comprises the New South Wales 
section of the Gunbower–KoondrookPerricoota Forest, together with Barmah–Millewa 
and the Werai Forest, forms the largest complex of tree-dominated floodplain wetlands in 
southern Australia and is the world’s largest parcel of river red gum forest (GHD 2009).

3. Provides vital habitat

Koondrook–Perricoota Forest provides refuge for mobile and sedentary fauna during 
environmentally stressful periods (e.g. drought) (GHD 2009). It also provides sources of 
migrants capable of dispersing into less productive areas during favourable conditions, as it is 
an area of comparatively high water availability and habitat productivity in a semi-arid rainfall 
zone (GHD 2009).

The lower elevations of the Gunbower Forest support permanent and semipermanent 
wetlands where water can be retained for long periods, forming valuable habitat for fish, 
frogs and waterfowl (including breeding habitat for colonial nesting waterbirds). Permanent 
wetlands also provide important refuge in droughts (MDBC 2006e).

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

Gunbower–Koondrook–Perricoota Forest supports species listed as threatened under 
Commonwealth or state legislation. For a full list of species recorded there, see Table B13.6. 

5. Supports, or is capable of supporting, significant biodiversity

More than 210 species of native flora and 143 species of native fauna have been recorded at 
Gunbower Forest (MDBC 2006e).

Together with the adjacent Ramsar sites in Victoria (e.g. Barmah–Millewa), the NSW 
Central Murray State Forests regularly support more than 20,000 waterbirds (GHD 2009), 
including the only breeding colony of intermediate egret (Egretta intermedia) in Victoria 
(MDBC 2006e). In addition, the Gunbower Forest Ramsar site provides important feeding, 
resting and breeding habitat for more than 22 waterbird species. The site maintains the 
ecological diversity of the bioregion by supporting vegetation communities representative 
of the Victorian Murray Fans Bioregion, a component of the Riverina Interim Biogeographic 
Regionalisation for Australia bioregion (Ecological Associates 2006a).

Hydrology
Flows in the River Murray through the Gunbower–Koondrook–Perricoota 
Forest are heavily influenced by the Barmah Choke and Goulburn River. 
At high flows the Barmah Choke directs a high proportion of water north 
through the Edward–Wakool River system, bypassing this stretch of the 
River Murray. Flood flows at Gunbower and Koondrook–Perricoota therefore 
depend heavily on flows from the Goulburn River.

The natural topography and geomorphology of the landscape direct water 
that enters Koondrook–Perricoota Forest northward. Rather than returning 
directly to the River Murray, overbank flows from the Murray travel via a 
network of watercourses into the Edward–Wakool River system and then 
back to the River Murray further downstream at the Wakool junction. In 
large floods a high proportion of water flows in this direction, while flows  
in the River Murray at Torrumbarry Weir do not exceed about 60,000 ML/d 
even in the biggest floods.

Flows begin to enter Gunbower Forest from the River Murray via a number 
of effluent streams, with the lowest flow threshold at Shillinglaws Regulator 
on Yarran Creek, which commences to flow at 13,700 ML/d. Flooding of 
the Gunbower wetlands is initiated at 15,200 ML/d (Ecological Associates 
2006a; Ecological Associates 2006b). Water enters Koondrook Forest when 
flow in the River Murray exceeds 16,000 ML/d via the two inflow effluents to 
Swan Lagoon (GHD 2009). Other Gunbower Forest effluents begin to flow 
between 15,000 and 27,800 ML/d, filling wetlands within the lower and mid-
forest. Bankfull flows in the River Murray occur at about 30,000 ML/d with 
corresponding widespread flooding of river red gum forests occurring at flows 
of 30,000 ML/d and above (Ecological Associates 2006a; GHD 2009).
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Since the advent of river regulation, the Gunbower–Koondrook–Perricoota 
Forest has received substantially less flooding in terms of timing, duration 
and frequency (Ecological Associates 2006a; GHD 2009). As an example, 
GHD (2009) reports that mean monthly flows in the River Murray below 
Torrumbarry Weir have been significantly lower since January 1997, with 
high flows (defined as mean monthly flow >16,000 ML/d) during the past 
10 years being most affected. River regulation has been implicated in the 
steady decline of ecosystem health of the NSW Central Murray State Forests 
over the past 75 years (GHD 2009).

Environmental objectives and targets
The following proposed environmental objectives have been determined 
for the Gunbower–Koondrook–Perricoota Forest using MDBA key 
environmental assets criteria.

Targets to achieve these objectives have been specified for flood-dependent 
vegetation communities considered essential to support wetland processes 
and to provide vital habitat for identified flora and fauna species. These are 
outlined in Table B13.3.

The criteria for which Gunbower–Koondrook–Perricoota Forest is considered 
to be a key environmental asset are broad, and consequently so are the 
objectives. Objective 1 relates to the ecological character of the wetlands 
at the time of Ramsar listing. Gunbower Forest was listed in 1982 and 
Koondrook–Perricoota Forest was listed in 2003. After reviewing the Ramsar 
ecological character descriptions (Ecological Associates 2006a; GHD 2009), 
it is apparent that achieving Objective 1 will meet requirements of the 
remaining objectives (i.e. conserving ecological character will protect and 
restore water-dependent ecosystems).

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

Ecological Associates (2006a) has predominantly been used to support the 
determination of targets for the Gunbower–Koondrook–Perricoota Forest 
hydrologic indicator site. GHD (2009) sets a draft acceptable change limit at 
30% of river red gum forest in healthy condition, and does not specify limits 
of acceptable change for river red gum and black box woodlands. The river 
red gum forest limit of acceptable change is the same as the Murray–Darling 
Basin Ministerial Council’s First Step decision interim ecological objective 
under The Living Murray program. Due to the interconnected nature of 
the hydrology between the two forests, compliance with limits of acceptable 
change specified for Gunbower Forest will deliver similar outcomes at 
Koondrook–Perricoota Forest for river red gum and black box.
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Table B13.3  Environmental objectives and targets: Gunbower–Koondrook–Perricoota Forest

Objectives Justification of targets Target

1.  To conserve the Ramsar site consistent with its ecological character, 
and to protect and restore ecosystems that support migratory birds 
listed under relevant international agreements (Criterion 1)

2.  To protect and restore natural or near-natural, rare or unique water-
dependent ecosystems (in their current state) (Criterion 2)

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

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

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

Ecological Associates (2006a) and GHD 
(2009) specify that any decrease in the current 
area of wetlands would signal a change in 
ecological character.

Ecological Associates (2006a) specifies that any 
change in the distribution or area of vegetation 
communities would signal a change in ecological 
character.

Maintain 100% of the current 
extent of permanent and  
semipermanent wetlands in good 
condition

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

Maintain 100% of the  
current extent of black box in 
good condition

Objectives 1 to 5

This is an interim ecological objective under The 
Living Murray. Ecological Associates (2006a) 
specifies that any reduction in the number of 
bird species would signal a change in ecological 
character. This target is considered compatible 
with the ecological character description.

Provide conditions conducive to 
successful breeding of colonial 
nesting waterbirds

Table B13.4   Water requirements of selected vegetation communities:  
Gunbower–Koondrook–Perricoota Forest

Habitat type Flood frequency Inundation duration Season

Permanent wetlands 10 years in 10 7–12 months Winter/spring persisting for 12 
months in nearly all years

Semipermanent wetlands 6–9 years in 10 5–8 months Winter/spring to early summer

River red gum forest with 
flood-dependent  understorey 7–9 years in 10 4 months (range of 1 to 8 months) Winter/spring

River red gum woodland with flood-tolerant 
understorey 3 years in 10 (range of 1–4 years) 2.5 months (range of 1 to 4 months Spring

Black box woodland 1 year in 10 (range of 1 to 4 years) 1 month (range of 1 to 4 months) Spring

Source: MDBC (2006e); Ecological Associates (2006a)
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Figure B13.2   Flow requirements of selected vegetation communities:  
Gunbower–Koondrook–Perricoota Forest

Source: based on Ecological Associates (2006a)

Environmental water requirements
The flood regime (regularity, extent, duration and season of flooding) is a 
key determinant of the ecological character and vegetation associations of 
the Gunbower–Koondrook–Perricoota Forest (Ecological Associates 2006a; 
GHD 2009). A number of documents have been assessed to determine the 
flows needed to achieve the specified targets. No single existing plan or 
document sets out these requirements completely. 

The Gunbower–Koondrook–Perricoota icon site environmental management 
plan (MDBC 2006e) sets out water requirements in terms of flood 
frequencies and durations for selected vegetation communities, based on 
inundation regimes before river regulation. These are presented in Table B13.4 
and Figure B13.2.

Data presented in hydrodynamic modelling reports (NSW Department of 
Environment and Climate Change 2008; Water Technology 2009a) has been 
assessed to estimate flows needed to inundate the forests (Figures B13.3 and 
B13.4). This analysis has been used to inform the water requirements set out 
in Table B13.5.

Environmental water requirements set out in Table B13.5 represents an 
amalgam of information within existing literature and vegetation inundation 
hydrodynamic modelling data, checked against analysis of modelled without-
development and current arrangements flow data. Where a discrepancy exists 
between literature, inundation modelling and hydrology modelling, analysis 
of modelled without-development flows has been used to help determine 
environmental water requirements, particularly to ensure the recommended 
flows are achievable and not greater than without development flows.
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Figure B13.3  Flows required to inundate selected vegetation types: Gunbower Forest
Source: based on analysis of data in Water Technology (2009a)
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Figure B13.4  Relationship between inundation and flow: Koondrook–Perricoota Forest
Source: based on analysis of data in NSW Department of Environment and Climate Change (2008)
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The water requirements of colonial nesting waterbirds within Gunbower–
Koondrook–Perricoota Forest have been informed by Overton et al. (2009), 
who suggest that for successful breeding, colonial nesters require four to 
five months of flooding in total, taking into account provision of breeding 
cues and time needed to lay and incubate eggs and fledge young. Flows 
of 20,000 ML/d inundate large areas of permanent and semipermanent 
wetlands (Water Technology 2009a) that provide the shifting spatial and 
temporal mosaic of wetland inundation required for successful waterbird 
breeding (Overton et al. 2009).

To support large populations of waterbirds, flows exceeding 30,000 ML/d, 
which inundate all of the wetland habitat and extensive areas of forest, are 
needed (Ecological Associates 2006a). Similarly, MDBC (2006e) identifies 
permanent and semipermanent wetlands and river red gum forest with flood-
dependent understorey as essential habitat for colonial nesting waterbirds. 
MDBA analysis of modelled without-development flow data shows that flows 
of 20,000 ML/d for five months are regularly associated with shorter duration 
higher flow peaks (flows greater than 30,000 ML/d for three to four  months 
and 55,000 ML/d for seven days) that would inundate large areas of river 
red gum forest. These flows peaks are likely to provide healthy, productive 
foraging and nesting habitat, important for successful waterbird breeding.

Table B13.5 should be read in its entirety to understand the environmental 
water requirements of the Gunbower–Koondrook–Perricoota Forest 
hydrologic indicator site. Although the targets and flow rules are separated, 
multiple flow rules will contribute to achieving each target. This approach 
has been used because it not possible to define a single hydrologic indicator 
for the vegetation community targets as the species cover a wide range of 
flows and a single indicator would be misleading (MDBC 2006c). Therefore, 
while particular flow thresholds and durations may have been specified 
for particular targets, these should be read in combination with other 
recommendations as part of a broader flow regime.

Figure B13.5 represents the recommended environmental water requirements 
for the Gunbower–Koondrook–Perricoota Forest hydrologic indictor site in 
a different format. The proportion of years a flow event occurs is reported 
for each flow threshold and duration recommended to sustain the indicator 
site. These include the modelled without-development flows, current 
arrangements, and low and high uncertainty proportion of years. Proportions 
are shown for the entire model period (1895–2009). This shows that 
recommended environmental watering requirements are, to varying degrees, 
within the without-development to current arrangements proportions over the 
historical record.

Environmental water requirements for the Gunbower–Koondrook–Perricoota 
Forest hydrologic indicator asset have been specified as daily targets. 
Hydrologic modelling undertaken by MDBA to determine sustainable 
diversion limits for Murray–Darling Basin required these daily water 
requirements to be aggregated to monthly demand volumes to allow this 
demand to be incorporated into the River Murray monthly simulation model.
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Table B13.5  Environmental water requirements: Gunbower–Koondrook–Perricoota Forest

Target

Event Proportion of years event 
required to achieve target  (%) Proportion of 

years event 
occurred under 
modelled without-
development 
conditions (%)

Proportion of 
years event 
occurred 
under 
modelled 
current 
arrangements

Flow required 
(measured at 
Yarrawonga; 

ML/d) Durationa Timing
Low  

uncertainty 
High 

uncertainty 

Maintain 100% of 
the current extent of 
permanent wetlands in 
good condition

Maintain 100% of 
the current extent of 
semipermanent wetlands 
in good condition

16,000 ML/d
3 months in 
total (with 7-day 
minimum)

June to November

80 70 86 33

20,000 ML/d
2 months in 
total (with 7-day 
minimum)

70 60 87 35

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

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

Maintain 100% of the 
current extent of black 
box in good condition

30,000 ML/d
2 months in 
total (with 7-day 
minimum) Preferably winter/

spring but timing 
not constrained 
to reflect that high 
flows depend on 
occurrence of heavy 
rainfall and will be 
largely unregulated 
events

50 33 60 25

40,000 ML/d
2 months in 
total (with 7-day 
minimum)

33 25 40 12

Provide conditions 
conducive to successful 
breeding of colonial 
nesting waterbirds

20,000 ML/d
5 months in 
total (with 7-day 
minimum)

June to December 30 30 43 8

a Duration is expressed both as a total and minimum, allowing multiple smaller flow events that met the minimum duration criteria to comprise a successful event. Minimum 
durations are therefore a subset of total duration and should not be read independently. MDBA analysis showed that if a minimum duration is not specified and individual 
events must meet the total duration criteria, this would result in a significantly reduced proportion of years.
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Figure B13.5   Recommended environmental water requirements and the proportion of their occurrence under 
modelled without-development conditions and current arrangements, 1895–2009: Gunbower–
Koondrook–Perricoota Forest
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Risks
The condition of the Koondrook–Perricoota Forest as part of the larger NSW 
Central Murray State Forests Ramsar site has been reported to have declined 
significantly under the influence of the drought, coupled with the cumulative 
impacts of river regulation (GHD 2009). The Koondrook Forest is reported as 
being particularly affected, with the proportion of the forest in an unhealthy 
condition being far greater than the whole site. Because of the relatively 
high commence-to-flow levels needed to achieve floodplain inundation in 
Koondrook Forest, no extensive flooding has occurred in this forest since 
2001 (GHD 2009). Modelling of tree health shows the Gunbower Forest 
portion (80% ‘stressed’ condition) of the site has also experienced a decline in 
condition of river red gum and black box communities, although to a lesser 
degree than the Koondrook–Perricoota section (95% ‘stressed’ condition) 
(Cunningham et al. 2009).

Similarly, the potential for Gunbower–Koondrook–Perricoota Forest to 
support colonial nesting waterbird breeding has decreased in response to 
declining flood frequencies and durations. The last widespread and successful 
waterbird breeding event in Koondrook–Perricoota Forest occurred in 2000 
(MDBC 2006e).

The current condition of the site should not be seen as reason for inaction. 
There is evidence that areas of Millewa and Werai forests that received 
environmental water during 2005–06 are generally healthier than 
Koondrook Forest, which did not receive water during this period (GHD 
2009). Delivery of environmental water to the Gunbower Forest during 
2005–06 resulted in successful waterbird and frog breeding and vegetation 
response (MDBC 2006e). While watering activities have been localised, 
they indicate the likelihood of recovery of the broader asset in response to 
broader actions. This is supported by the NSW Central Murray State Forests 
Ramsar site ecological character description, which identifies that managed 
flood events as a result of environmental water allocations are now a critical 
component of the ecological character (GHD 2009). For this reason, objective 
targets have not been modified in response to current condition.

Timber production and harvesting are also potential threats to the ecological 
condition of the Gunbower–Koondrook–Perricoota Forest. The NSW 
Central Murray State Forests Ramsar site, which incorporates Koondrook–
Perricoota, has been managed for timber production for more than 100 years 
and featured a suite of multiple use forest management activities at the time 
of its listing (GHD 2009). Despite its long history of timber harvesting, 
Gunbower–Koondrook–Perricoota Forest retains trees dating back to before 
European settlement and areas structurally equivalent to undisturbed forest. 
The forest’s ecological character at the time of its Ramsar listing reflected its 
continued economic uses, including timber harvesting (GHD 2009). For this 
reason, objectives regarding maintaining ecological character have not been 
modified in response to historical timber harvesting activities.
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Table B13.6  Species relevant to criteria 1 and 4: Gunbower–Koondrook–Perricoota Forest

Species

Recognised 
in 

international 
agreement(s)1

Environmental 
Protection and 

Biodiversity 
Conservation 

Act 1999 
(Cwlth)

Fisheries 
Management 

Act 2004 
(NSW)

Threatened 
Species 

Conservation 
Act 1995 
(NSW)

Flora and 
Fauna 

Guarantee 
Act 1998 

(Vic.)

Amphibians and reptiles

Broad-shelled turtle (Chelodina expansa)2 E

Carpet python (Morelia spilota metcalfei)5 E

Giant bullfrog (Limnodynastes interioris)5 CE

Southern bell or growling grass frog (Litoria raniformis)2, 4 V E

Crustaceans

Murray spiny cray (Euastacus armatus)2, 4 NT

Birds

Apostlebird (Struthidea cinerea)2, 4 L

Australasian bittern (Botaurus poiciloptilus)3, 4 V E

Baillon’s crake (Porzana pusilla)5 V

Barking owl (Ninox connivens)2, 4 V E

Black-chinned honeyeater (eastern subspecies) (Melithreptus gularis gularis)6 V

Blue-billed duck (Oxyura australis)2, 4 E

Brown treecreeper (Climacteris picumnus)6 V

Bush stone-curlew (Burhinus grallarius)2 E E

Cattle egret (Ardea ibis)2 

Diamond firetail (Stagonopleura guttata)2 V V

Eastern great egret (A. modesta)2, 7  V

Gilbert’s whistler (Pachycephala inornata)6 V

Grey goshawk (Accipiter novaehollandiae)5 V

Grey-crowned babbler (Pomatostomus temporalis)2, 4 V E

Ground cuckoo-shrike (Coracina maxima)2 V

Hooded robin (Melanodryas cucullata)2 V NT

Intermediate egret (A. intermedia)2, 7 CE

Latham’s snipe (Gallinago hardwickii) 

Little bittern (Ixobrychus minutus)4 E

Little egret (Egretta garzetta)4 E

Masked owl (Tyto novaehollandiae)4 V E

Painted honeyeater (Grantiella picta)4 V V

Painted snipe (Rostratula australis)5  V CE

Powerful owl (N. strenua)4 V V

Red-chested button-quail (Turnix pyrrhothorax)4 V

Regent honeyeater (Xanthomyza phrygia)3 E E CE

Speckled warbler (Chthonicola sagittata)6 V

Square-tailed kite (Lophoictinia isura)5 V

Superb parrot (Polytelis swainsonii)4 V V E

Swift parrot (Lathamus discolor)4 E E E

Turquoise parrot (Neophema pulchella)4 V NT

White-bellied sea-eagle (Haliaeetus leucogaster)2  V

White-throated needletail (Hirundapus caudacutus)2 

 … continued 
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Table B13.6  Species relevant to criteria 1 and 4: Gunbower–Koondrook–Perricoota Forest (continued)

Species

Recognised 
in 

international 
agreement(s)1

Environmental 
Protection and 

Biodiversity 
Conservation 

Act 1999 
(Cwlth)

Fisheries 
Management 

Act 2004 
(NSW)

Threatened 
Species 

Conservation 
Act 1995 
(NSW)

Flora and 
Fauna 

Guarantee 
Act 1998 

(Vic.)

Fish

Macquarie perch (Macquaria australasica)2 E E E

Murray cod (Maccullochella peelii peelii)2 V E

Murray hardyhead (Craterocephalus fluviatilis)3 V CE

Murray–Darling rainbow fish (Melanotaenia fluviatilis)4 DD

Silver perch (Bidyanus bidyanus)2, 3 V CE

Trout cod (M. macquariensis)3, 4 E E CE

Unspecked hardyhead (C. stercusmuscarum fulvus)2 L

Mammals

Brush-tailed phascogale (Phascogale tapoatafa)4 V

Koala (Phascolarctos cinereus)6 V

Southern myotis (Myotis macropus)4 NT

Squirrel glider (Petaurus norfolcensis)2, 4 E

Yellow-bellied sheathtail bat (Saccolaimus flaviventris)6 V

Plants

River swamp wallaby grass (Amphibromus fluitans)3 V

Winged peppercress (Lepidium monoplocoides)2, 4, 5, 7 E E

Small scurf-pea (Cullen parvum syn. Psoralea parva)4 E

Buloke (Allocasuarina luehmannii)2 E

Boland yellow gum (Eucalyptus leucoxylon pruinosa)6 V

Chariot wheels (Maireana cheelii)6 V

Western water-starwort (Callitriche cyclocarpa)5 V V

Dwarf swainson-pea (Swainsona phacoides)5 E

Communities

River Murray endangered ecological community8 E

CE = critically endangered   DD = data deficient   E = endangered   L= listed   NT= near threatened   V = vulnerable
1 Japan–Australia Migratory Bird Agreement, China–Australia Migratory Bird Agreement, or Republic of Korea – Australia Migratory Bird Agreement
2 Victorian Department of Sustainability and Environment (2003a)
3 Murray–Darling Basin Commission (2006e)
4 Victorian Department of Natural Resources and Environment (2002)
5 Victorian Department of Sustainability and Environment (2009a)
6 NSW Department of Environment, Climate Change and Water (2009e)
7 Victorian Department Sustainability and Environment (2009b)
8 NSW Department of Primary Industries (2007)
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Hattah Lakes
The Hattah Lakes hydrologic indicator site encompasses all the Hattah Lakes 
and their adjoining floodplain system in Hattah–Kulkyne National Park, 
north-west Victoria. The site is adjacent to the River Murray, in the triangle 
between the towns of Mildura, Robinvale and Ouyen (see Figure B14.1).

The Hattah Lakes site covers an area of about 57,000 ha. It includes a 
mosaic of wetlands and watercourses with varying hydrology that covers 
approximately 13,000 ha, set within a wider floodplain of fringing river red 
gum (Eucalyptus camaldulensis) and black box (E. largiflorens) woodlands 
and lignum (Muehlenbeckia florulenta) shrubland. Pockets of denser red 
gum forest are also present, mostly along the River Murray. The floodplain is 
located within a broader mallee environment, and the connectivity between 
the mallee and floodplain contributes to the biodiversity of the asset.

The extent of the indicator site has largely been based on The Living Murray 
indicative icon site boundaries dataset (MDBA 2010). The Directory of 
Important Wetlands in Australia (Department of the Environment, Water, 
Heritage and the Arts 2001) and Ramsar Wetlands of Australia datasets were 
used to define small portions of the asset not included in The Living Murray 
indicative icon site boundaries extent. Spatial data used in this map is listed 
in Table B1.3.

Hattah Lakes is an icon site under The Living Murray river restoration 
program. Twelve of the 19 Hattah lakes were listed as Ramsar wetlands of 
international importance in December 1982. These 12 lakes make up the 
Hattah–Kulkyne Lakes Ramsar site (Victorian Department of Sustainability 
and the Environment 2003a). They are the Arawak, Bitterang, Brockie, 
Bulla, Cantala, Hattah, Konardin, Kramen, Lockie, Mournpall, Yelwell and 
Yerang lakes.

Values
The Hattah Lakes hydrologic indicator site has been identified as a key 
environmental asset in the Basin, as it meets four of the five environmental 
values of the Murray–Darling Basin Authority’s (MDBA’s) key environmental 
assets criteria (Table B14.1).

Hydrology
The Hattah Lakes contains well-defined wetland basins that historically have 
retained water for long periods after River Murray flow peaks recede. Most 
of the 19 lakes in the Hattah Lakes system are filled from the River Murray 
via the east arm of Chalka Creek anabranch when flows in the River Murray 
exceed about 37,600 ML/d (SKM 2004).

Lake Lockie is the first of the lakes to fill, and when it is flooded, water flows 
into the southern and northern parts of the Hattah Lakes. The River Murray’s 
discharges inundate the lakes, as shown in Table B14.2 (SKM 2004). River 
regulation and diversions have reduced the frequency of flooding in Hattah 
Lakes by 20% to 40% (Ecological Associates 2007a). The ecological health 
and conservation values of the Hattah Lakes have been severely affected by a 
reduction in both the frequency and duration of large to medium floods. Low 
flows are below the inflow threshold at Chalka Creek (MDBC 2006a).

Studies of the site’s hydrology and hydraulics relate water levels and River 
Murray flows to the inundation of the Hattah Lakes (SKM 2004; SKM 
2006; Ecological Associates 2007a, 2009). Figure B14.2 shows the water 
regime classes and vegetation communities within the Hattah Lakes system.
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Table B14.1   MDBA key assets criteria: Hattah Lakes

Criterion Explanation

1.  Formally recognised in, and/
or is capable of supporting 
species listed in, relevant 
international agreements

The Hattah Lakes is formally recognised in, or is capable of supporting species listed in the Japan–Australia Migratory 
Bird Agreement, the China–Australia Migratory Bird Agreement or the Republic of Korea – Australia Migratory Bird 
Agreement. Hattah–Kulkyne Lakes Ramsar site was listed in 1982. For a full list of species relevant to key environmental 
asset criteria 1 and 4 see Table B14.7.

3. Provides vital habitat

Eighteen waterbird species have been recorded breeding at the site, with an additional six waterbird species 
reported breeding in the surrounding floodplain (Ecological Associates 2005; Murray–Darling Basin Commission 
2006a). The persistence of water in Hattah Lakes for several years between inflow events suggests the site is also 
an important drought refuge for waterbirds and aquatic fauna (Ecological Associates 2005). This was highlighted in 
annual waterbird surveys conducted in 2007 that recorded high waterbird numbers (16,097), mainly of grey teal (Anas 
gracilis), hardhead (Aythya australis), Eurasian coot (Fulica atra), Pacific black duck (A. superciliosa) and Australasian 
shoveler (A. rhynchotis).

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

The Hattah Lakes meets this criterion because it supports species listed as threatened under state or 
Commonwealth legislation.

5.  Supports, or is 
capable of supporting, 
significant biodiversity

Since annual waterbird counts began in 1983, 59 waterbird species have been reported at the site (Ecological Associates 
2007a). In 17 out of 20 years, Pacific black ducks and Australian wood ducks (Chenonetta jubata) were observed at the site 
during annual counts. The waterbirds observed in the highest numbers in any year were the grey teal (15,000 individuals), 
silver gull (Larus novae holldiae) (10,000 individuals) and hardhead (6,000 individuals). High numbers of waterbirds are 
associated with flooding, which triggers increased biology in the river system. In the 20 years since 1982, when Hattah–
Kulkyne Lakes was Ramsar-listed, abundances of over 5,000 waterbirds have been observed in five annual counts, with 
24,000 being the highest number reported in any single year. All these high counts were associated with flooding events 
(Ecological Associates 2005).

Table B14.2   Critical flow thresholds: Hattah Lakes

Lake Area (ha) Flow in River Murray at Euston for lake to fill (ML/d) Wetland water regime

Lockiea 141 36,700 Persistent temporary wetlands

Little Hattah – 36,700 Persistent temporary wetlands

Hattaha 61 36,700 Semipermanent wetlands

Yeranga 65 40,000 Persistent temporary wetlands

Mournpalla 243 40,000 Semipermanent wetlands

Cantalaa 101 45,000 Persistent temporary wetlands

Bullaa 40 45,000 Semipermanent wetlands

Arawaka 40 50,500 Semipermanent wetlands

Marramook – 52,000 Temporary wetlands

Brockiea 28 53,000 Persistent temporary wetlands

Boich – 54,000 Persistent temporary wetlands

Tullamook – 55,000 Persistent temporary wetlands

Yelwella 81 55,000 Persistent temporary wetlands

Konardina 121 60,000 Persistent temporary wetlands

Nip Nip – 65,000 Persistent temporary wetlands

Bitteranga 73 70,000 Persistent temporary wetlands

Kramena 161 152,000 Episodic wetlands

Roonki – – Persistent temporary wetlands

Boolca and Dry Lakes Approximately 200 180,000 Episodic wetlands

a Ramsar-listed wetland
Source: SKM (2004); Ecological Associates (2007a), (2007b)
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Figure B14.2   Water regime classes and vegetation communities: Hattah Lakes
Source: Ecological Associates (2007a)
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Environmental objectives and targets
Environmental objectives have been proposed for the Hattah Lakes using the 
MDBA’s key environmental assets criteria. Targets to achieve these objectives 
were specified for flood-dependent vegetation communities considered 
essential to support wetland processes and to provide crucial habitat for 
identified flora and fauna species. These are outlined in Table B14.3.

Objective 1 relates to the ecological character of the Hattah Lakes at the time 
of their listing in 1982. There is no Ramsar ecological character description 
for the Hattah–Kulkyne Lakes Ramsar site, but elements of its character are 
described in the Hattah–Kulkyne Lakes Ramsar site strategic management 
plan (Victorian Department of Sustainability and the Environment 2003a) 
and the Icon Site Environmental Management Plan (MDBC 2006a).

Maintaining the ecological character of the lakes and ecosystems that support 
significant species (as listed under international agreements or threatened 
species legislation) necessitates that water requirements are met for the full 
breadth of flood-dependent habitat types across the asset.

Table B14.3   Environmental targets: Hattah Lakes

Objectives Justification of targets Target

To conserve the Ramsar 
site consistent with its 
ecological character and 
to protect and restore 
ecosystems that support 
migratory birds listed under 
relevant international 
agreements  
(from Criterion 1).

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

To protect and restore 
water-dependent 
ecosystems that support 
Commonwealth-, state- or 
territory-listed threatened 
species and communities 
(from Criterion 4).

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

Eleven of the 16 semipermanent and persistent temporary wetlands are Ramsar-listed. 
These wetlands were also identified as the highest priority by Ecological Associates (2007a). 
All semipermanent and persistent temporary wetlands have low-flow thresholds and are 
interconnected. Actions targeted at watering the 11 Ramsar-listed wetlands will necessitate 
watering most of the remaining five wetlands.

Maintain 100% of the current 
extent of semipermanent and 
persistent temporary wetlands 
in good condition

There are three episodic wetland complexes — Lake Kramen, Lake Boolca and Dry Lakes. 
Of these, Lake Kramen is Ramsar listed; Lake Boolca and Dry Lakes are very high on the 
landscape and are difficult to water. The target reflects the lower priority assigned by Ecological 
Associates (2007a), the difficulty in watering Lake Boolca and Dry Lakes and their infrequent 
inundation under natural conditions.

Maintain 50% of the current 
extent of episodic wetlands in 
good condition

Lake Marramook is the only temporary wetland and will receive water from any action associated 
with target 1 to maintain semipermanent and persistent temporary wetlands. The target reflects 
the intermediate priority assigned by Ecological Associates (2007a), although in effect 100% will 
be maintained (due to it being the only temporary wetland).

Maintain 80% of the current 
extent of temporary wetlands 
in good condition

Fringing river red gum is central to the ecology of the lakes, many of which are Ramsarlisted. 
Ecological Associates (2007a) considers that fringing river red gum and river red gum forests 
have equal highest priority.

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

River red gum woodlands are very productive habitats that support bird foraging and breeding 
after flood events. Successful breeding of species listed under migratory bird agreements will 
require inundation of river red gum woodland. The lower target recognises the intermediate 
priority assigned by Ecological Associates (2007a).

Maintain 80% of the current 
extent of river red gum 
woodland in good condition

Lignum shrubland is very productive habitat that supports bird foraging and breeding after flood 
events. Successful breeding of species listed under migratory bird agreements will require 
inundation of lignum shrubland. The lower target recognises the lower priority assigned by 
Ecological Associates (2007a).

Maintain 80% of the current 
extent of lignum shrubland in 
good condition

Black box woodland is important habitat for a range of species. It also provides connectivity 
between floodplain and mallee vegetation communities, which is important for species such 
as the regent parrot (Polytelis anthopeplus monarchoides), listed under the Environmental 
Protection Biodiversity Conservation Act 1999 (Cwlth). The lower target recognises the lower 
priority assigned by Ecological Associates (2007a) and reflects that extensive areas located high 
in the landscape in the north near the Dry Lakes are difficult to water and would have only been 
inundated very infrequently. Accordingly, they have questionable flood dependency.

Maintain 50% of the current 
extent of black box woodland 
in good condition

This is an interim ecological objective under The Living Murray program, and aligns with 
proposed objectives.

Provide conditions conducive 
to successful breeding of 
colonial nesting waterbirds 
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Drawing upon the work of Ecological Associates (2007a), targets have been 
proposed for selected representative vegetation communities and habitats, 
rather than for each specific habitat type. MDBA has adopted the following 
vegetation communities and habitat priorities based on their similar 
prioritisation scores:

•	 priority 1 — semipermanent wetlands, persistent temporary wetlands, 
fringing river red gum and river red gum forest

•	 priority 2 — red river gum woodland (flood-tolerant understorey), Chalka 
Creek, lignum shrubland, temporary wetlands

•	 priority 3 — black box woodlands and episodic wetlands.

Priority 1 vegetation communities were assigned targets of 100% of current 
extent based on the high priority assigned by Ecological Associates (2007a) 
and ecological character descriptions from other Ramsar-listed assets along the 
River Murray (e.g. Gunbower and Barmah forests). These both specified that 
any change in the distribution or area of wetlands and vegetation communities 
would signal a change in ecological character.

Selection of targets for priority 2 and 3 vegetation community and habitat 
types is difficult due to a lack of site-specific detailed analysis and development 
of targets. The arbitrary values of 80% and 50% of current extent respectively 
were set using the limits of change within ecological character descriptions 
from other River Murray Ramsar-listed assets, and reflect the lower priority 
assigned by Ecological Associates (2007a).

The 50% of current extent target adopted for both black box woodlands and 
episodic wetlands reflects the lower priority assigned by Ecological Associates 
(2007a), analysis of inundation frequency under natural conditions and the 
fact that it is at a higher elevation on the landscape and is more difficult to 
water. Large parts of the black box community exist in the north-west of the 
Hattah Lakes, adjacent to the Dry Lakes, which receive water infrequently. 
Recommended flows will only inundate Lake Kramen as flows in excess of 
180,000 ML/d are required to inundate Lake Boolca and Dry Lakes.

Ecological Associates (2007b) states that removing levees could reduce 
the inundation threshold to 155,000 ML/d and could enhance outcomes 
for episodic wetlands. MDBA analysis shows that flows in excess of 
180,000 ML/d occur infrequently — in 6% of years under a without-
development scenario — which suggests that the flood-dependence of black 
box at this elevation on the floodplain is questionable and supports a lower 
target for this vegetation community. Based on frequency of inundation, 
black box recruitment may be supported by flooding, but is likely to be less 
important for tree survival. This is consistent with black box being ecologically 
flexible and a known opportunistic user of water (Roberts & Marston 2000), 
which may include groundwater interactions — although there are known 
issues with rising saline groundwater (Ecological Associates 2007b).

Environmental water requirements
Ecological Associates (2009) related water levels to inundation of wetlands 
and habitat type/floodplain water regime classes for central Hattah Lakes. 
A combination of vegetation mapping and a digital elevation model was used 
to determine an indicative water regime at which about 50% of the habitat 
type is inundated (Table B14.4). This required stratifying habitat types 
approximately, as the elevations of different habitat types varies (Ecological 
Associates 2009). The approximation is still appropriate for determining 
environmental water requirements at the broadscale. It has been assumed that 
relationships identified for the central lakes are representative of the entire 
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Hattah Lakes hydrologic indicator site, except for the Dry Lakes in the north 
which has known higher elevation and subsequent higher flow thresholds.

Hydraulic modelling of Hattah Lakes (SKM 2006) was used to define the 
relationship between flows in the River Murray at Euston and water levels, 
as shown in Table B14.4. The modelling exercise divided the Hattah Lakes 
system into 47 different areas with similar flow-level relationships. These 
areas encompass both wetlands and surrounding floodplain and are therefore 
different to individual lake inundation thresholds shown in Table B14.2. 
The variable relationship between water level and flow illustrates the complex 
nature of inundation at Hattah Lakes, which may be partly explained by 
different hydraulic controls and their location in the landscape relating to 
feeding watercourses.

In combination, elevation thresholds for water regime classes (Ecological 
Associates 2009) and flow-level information (SKM 2006b) can be used 
to infer the flow volumes at Euston Weir needed to inundate the different 
habitat types (Table B14.4).

Table B14.4   Water levels and flows required to inundate selected habitat types: Hattah Lakes

Habitat type Water level (Australian height datum) Flow at Euston (ML/d)

Semipermanent, persistent temporary and temporary wetlands Up to 43 m Up to 70,000

Fringing river red gum and river red gum forest 43–44 m 70,000 to 86,000

River red gum woodland 44–44.5 m 86,000 to 124,000

Black box woodland 44.5–45 m 124,000 to 166,000

Source: SKM (2006); Ecological Associates (2009)

Table B14.5   Flow level relationships for various areas: Hattah Lakes

Water level 43.00 m 43.50 m 44.00 m 44.50 m 45.00 m

Area Flow rate at Euston (ML/day)

Lockie 52,747 67,466 82,184 113,399 154,957

Little Hattah 65,618 74,741 83,863 113,399 154,936

Hattah 65,618 74,741 83,863 113,399 154,936

Bulla 69,161 76,743 84,325 113,399 154,936

Arawak 69,161 76,743 84,325 113,399 154,936

Marramook 70,802 77,671 84,539 113,399 154,957

Brockie 77,121 81,242 85,364 113,399 154,957

Boich 74,575 79,803 85,031 113,399 154,936

Tullamook 74,575 79,803 85,031 113,399 155,833

Nip Nip 72,944 78,882 84,819 113,399 154,936

Yerang 60,144 72,392 84,640 121,356 165,440

Mournpall 75,473 80,624 85,776 122,209 165,673

Yelwell 67,390 76,807 86,223 123,763 165,673

Konardin 76,319 81,079 85,838 122,209 165,673

Bitterang 92,871 102,669 128,955 164,776 230,500

Woterap 94,290 103,029 128,955 164,776 230,500

Cantala 81,361 86,497 110,447 147,508 223,806

Dry Lakes 194,375 211,043

Source: based on MDBA analysis of SKM (2006)
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Ecological Associates (2009) also provided recommendations for the 
frequency, duration and timing of flow events and maximum interval 
between flows to maintain the same habitat types. These recommendations, 
together with an assessment of without-development flooding patterns, have 
been used to determine the environmental water requirements set out in 
Table B14.5. Targets for lignum and for colonial nesting waterbird breeding 
are not shown because the flows associated with the other targets are sufficient 
to achieve those objectives. As described in the ‘Hydrology’ section, above, 
the Hattah Lakes retain water for long periods, which allows successful bird 
breeding to occur, although only relatively short duration flows are specified 
in Table B14.5.

To understand the environmental water requirements of the Hattah Lakes, 
Table B14.6 should be read in its entirety. Although targets and flow rules are 
separated, multiple flow rules will in fact contribute to achieving each target. 
This is particularly relevant for the Hattah Lakes hydrologic indicator site, 
where flow rules have been developed based on inundation of about 50% of 
selected vegetation communities/habitat types.

To achieve targets of maintaining 50–100% of current vegetation extent, flow 
rules specified for other vegetation communities/habitat types are required. 
This approach has been used because it is not possible to define a single flow 
threshold for the vegetation community targets — the species cover a wide 
range of flows and a single indicator would be misleading (MDBC 2006c). 
While particular flow thresholds and durations may have been specified 
for particular targets, these should be read in combination with other 
recommendations as part of a broader flow regime.

Figure B14.3 shows the recommended environmental water requirements 
for the Hattah Lakes in a different format. A range of flow proportions is 
reported for each flow threshold and durations for sustaining the site are 
suggested. These include the modelled without-development flows, current 
arrangement proportions and low/high uncertainty proportions. Proportions 
are shown for the entire model period (1895–2009). The figure shows that 
recommended environmental water requirements are, to varying degrees, 
within the without-development to current arrangement proportions over the 
historical record.

Environmental water requirements for the Hattah Lakes have been 
specified as daily targets. MDBA hydrologic modelling to determine 
sustainable diversion limits for the Murray–Darling Basin required these 
daily water requirements to be aggregated to monthly demand volumes so 
that this demand could be incorporated into the River Murray monthly 
simulation model.
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Table B14.6  Environmental water requirements: Hattah Lakes

Target

Event
Proportion of years event 

required to achieve target (%)

Proportion of 
years event 

occurred 
under 

modelled 
without-

development 
conditions (%)

Proportion of 
years event 

occurred 
under 

modelled 
current 

arrangements 
(%)

Flow required 
(measured at 

Euston) Durationa Timing
Low 

uncertainty
High 

uncertainty

Maintain 100% of 
the current extent of 
semipermanent and 
persistent temporary 
wetlands in good 
conditionb

Maintain 80% of the 
current extent of 
temporary wetlands in 
good condition

40,000 ML/day
2 months in 
total (with  
7-day minimum)

June to December

50 40 67 30

50,000 ML/day
2 months in 
total (with  
7-day minimum)

40 30 48 19

70,000 ML/day
6 weeks in total 
(with 7-day 
minimum)

33 20 38 12

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

85,000 ML/day
1 months in 
total (with 7-day 
minimum)

Preferably winter/
spring but timing 
not constrained to 
reflect that high flows 
are dependent on 
occurrence of heavy 
rainfall and will be 
largely unregulated 
events

30 20 34 10

Maintain 80% of the 
current extent of river 
red gum woodland in 
good condition

120,000 ML/day
2 weeks in total 
(with 7-day 
minimum)

20 14 23 8

Maintain 50% of the 
current extent of 
episodic wetlands in 
good condition

Maintain 50% of the 
current extent of black 
box woodland in good 
condition

150,000 ML/day 1 week total  
and minimum 13 10 17 6

a Duration is expressed both as a total and minimum duration, allowing multiple smaller flow events that meet the minimum duration criteria to comprise a successful event. 
Minimum durations are therefore a subset of total duration and should not be read independently. MDBA analysis showed that if a minimum duration is not specified and 
individual events must meet the total duration criteria, the proportion of years would be significantly reduced.

b There is overlap in the inundation thresholds of all habitat types. The separation shown in the table is constructed for the purposes of determining water requirements.



Guide to the proposed Basin Plan  Technical background  Part II 652

0

50

100

150

200

250

300

350

400

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

A
nn

ua
l v

ol
um

e 
(G

L/
y)

Water year
Total diversions Entitlements Allocations

Figure B14.3   Recommended environmental water requirements and associated proportion of occurrence 
under modelled without-development conditions and current arrangements, 1895–2009:  
Hattah Lakes

Risks

Condition of the asset and impact on targets
The ability of the Hattah Lakes to recover from the recent drought is a 
risk. Without the emergency watering that occurred, the lakes would have 
been dry for more than 12 years. Decline in the health of flood-dependent 
floodplain vegetation has been observed (Ecological Associates 2010). 
Cunningham (2009) used Landsat imagery and on-ground surveys to predict 
the condition of river red gum and black box stands at The Living Murray 
icon sites. The model suggested that only 3% of vegetation communities at 
Hattah Lakes were in good condition, with the remaining 97% considered 
stressed. This represents the largest extent of stressed vegetation stands across 
all The Living Murray icon sites (Cunningham et al. 2009).

However, notwithstanding the risk, the current condition of the site should 
not be seen as a reason for inaction. Positive responses by tree and understorey 
vegetation and a variety of fauna species, including waterbirds, frogs and fish, 
have been observed in response to relatively small-scale watering activities as 
part of The Living Murray program at Chowilla Floodplain, Hattah Lakes, 
Barmah–Millewa Forest and Gunbower–Koondrook–Perricoota Forest 
(MDBC 2007; McCarthy et al. 2009; Newall et al. 2009). For this reason, 
targets have not been modified in response to current condition.
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Table B14.7  Species relevant to criteria 1 and 4: Hattah Lakes

Species

Recognised in 
international 

agreement(s)1

Environmental 
Protection and 

Biodiversity 
Conservation Act 1999 

(Cwlth)

Flora and Fauna 
Guarantee Act 1998 

(Vic)

Amphibians and reptiles

Carpet python (Morelia spilota metcalfei)2 E

Lace monitor (Varanus varius)5 V

Samphire skink (Morethia adelaidensis)5 E

Birds

Australasian bittern (Botaurus poiciloptilus)2 E

Australian painted snipe (Rostratula australis)5  CE

Barking owl (Ninox connivens)2 E

Black falcon (Falco subniger)5 V

Black-eared miner (Manorina melanotis)2 E E

Blue-billed duck (Oxyura australis)2 E

Bush stone-curlew (Burhinus grallarius)2 E

Caspian tern (Sterna caspia)2, 3  NT

Common sandpiper (Actitis hypoleucos)5 V

Diamond firetail (Stagonopleura guttata)2 V

Eastern great egret (Ardea modesta)2, 3, 4, 5  V V

Elegant parrot (Neophema elegans)5 V

Fork-tailed swift (Apus pacificus)2, 3 

Freckled duck (Stictonetta naevosa)2 E

Glossy ibis (Plegadis falcinellus)2, 3, 4 

Greenshank (Tringa nebularia)2, 3 

Grey falcon (Falco hypoleucos)2, 3 E

Grey-crowned babbler (Pomatostomus temporalis temporalis)2 E

Ground cuckoo-shrike (Coracina maxima)2 V

Gull-billed tern (Gelochelidon nilotica/Sterna nilotica macrotarsa)2 E

Inland dotterel (Charadrius australis)5 V

Intermediate egret (Ardea intermedia)2 CE

Latham’s snipe (Gallinago hardwickii)2, 3 

Little bittern (Ixobrychus minutus dubius)2 E

Little egret (Egretta garzetta)2 E

Magpie goose (Anseranas semipalmata)2 NT

Major Mitchell’s cockatoo (pink cockatoo) (Lophochroa leadbeateri)2, 3 V

Mallee emu-wren (Stipiturus mallee)2 E E

Malleefowl (Leipoa ocellata)2 V E

Painted honeyeater (Grantiella picta)2 V

Painted snipe (Rostratula australis or benghalensis)2, 3  V CE

… continued
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Table B14.7  Species relevant to criteria 1 and 4: Hattah Lakes (continued)

Species

Recognised in 
international 

agreement(s)1

Environmental 
Protection and 

Biodiversity 
Conservation Act 1999 

(Cwlth)

Flora and Fauna 
Guarantee Act 1998 

(VIC)

Plains-wanderer (Pedionomus torquatus)2 V CE

Red-lored whistler (Pachycephala rufogularis)2 V E

Red-necked stint (Calidris ruficollis)2, 3 

Regent parrot (Polytelis anthopeplus monarchoides)2, 3 V V

Royal spoonbill (Platalea regia)5 V

Scarlet-chested parrot (Neophema splendida)5 V

Sharp-tailed sandpiper (Calidris acuminata)2, 3, 4 

Spotted bowerbird (Chlamydera maculata)2 E

Square-tailed kite (Lophoictinia isura)2 V

White-bellied sea-eagle (Haliaeetus leucogaster)2, 3, 4  V

White-browed treecreeper (Climacteris affinis)5 V

White-throated needletail (Hirundapus caudatus)2, 3 

Fish

Freshwater catfish (Tandanus tandanus)3 E

Murray cod (Maccullochella peelii peelii)2, 3, 4 V E

Murray hardyhead (Craterocephalus fluviatilis)3 CE

Silver perch (Bidyanus bidyanus)3 CE

Mammals

Common dunnart (Sminthopsis murina murina)5 V

Greater long-eared bat (Nyctophilus timoriensis)2 V V

Plants

Annual flat-sedge (Cyperus nervulosus)2, 5 E

Australian broomrape (Orobanche cernua var. australiana)5 V

Bristly love-grass (Eragrostis setifolia)5 V

Buloke (Allocasuarina luehmannii)2 L

Buloke mistletoe (Amyema linophylla orientale)5 V

Button rush (Lipocarpha microcephala)5 V

Cane grass (Eragrostis australasica)5 V

Desert jasmine (Jasminum didymum lineare)5 V

Desert lantern (Abutilon otocarpum)5 V

Doubah (Marsdenia australis)5 V

Dwarf amaranth (Amaranthus macrocarpus var. macrocarpus)5 V

Dwarf flat-sedge (Cyperus pygmaeus)5 V

Dwarf swainson-pea (Swainsona phacoides)2, 5 E

Flycatcher (Drosera indica)5 V

Frosted goosefoot (Chenopodium desertorum rectum)5 V

Hoary scurf-pea (Cullen cinereum)2, 5 E

… continued
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Table B14.7  Species relevant to criteria 1 and 4: Hattah Lakes (continued)

Species

Recognised in 
international 

agreement(s)1

Environmental 
Protection and 

Biodiversity 
Conservation Act 1999 

(Cwlth)

Flora and Fauna 
Guarantee Act 1998 

(VIC)

Jerry-jerry (Ammannia multiflora)5 V

Lagoon spurge (Phyllanthus lacunarius)5 V

Lax flat-sedge (Cyperus flaccidus)5 V

Pin sida (Sida fibulifera)5 V

Pop saltbush (Atriplex holocarpa)2, 5 V

Purple love-grass (Eragrostis lacunaria)5 V

Purple pentatrope (Rhyncharrhena linearis)5 V

Rabbit-ears twin-leaf (Zygophyllum compressum)5 V

Riverine flax-lily (Dianella porracea)5 V

Round templetonia (Templetonia egena)5 V

Sand sida (Sida ammophila)5 V

Silky glycine (Glycine canescens)2, 5 E

Silky swainson-pea (Swainsona sericea)2, 5 V

Silky umbrella-grass (Digitaria ammophila)5 V

Skeleton fan-flower (Scaevola depauperata)5 E

Slit-wing bluebush (Maireana georgei)5 V

Small water-fire (Bergia trimera)5 V

Spear-fruit copperburr (Sclerolaena patenticuspis)5 V

Spiked daisy-bush (Olearia subspicata)5 V

Spiny-fruit saltbush (Atriplex spinibractea)5 E

Spreading cress (Phlegmatospermum eremaeum)5 V

Spreading scurf-pea (Cullen patens)2, 5 E

Tall kerosene grass (Aristida holathera var. holathera)5 V

Toothed raspwort (Haloragis odontocarpa f. octoforma)5 V

Tough scurf-pea (Cullen tenax)2, 5 E

Twiggy sida (Sida intricata)5 V

Umbrella wattle (Acacia oswaldii)5 V

Upright adder’s-tongue (Ophioglossum polyphyllum)5 V

Williamson’s rice-flower (Pimelea williamsonii)5 V

Winged peppercress (Lepidium monoplocoides)2, 4, 5 E E

Woolly copperburr (Sclerolaena lanicuspis)5 E

Woolly scurf-pea (Cullen pallidum)2, 4, 5 E

Yellow swainson-pea (Swainsona pyrophila)5 V

CE = critically endangered   E = endangered   L = listed   NT = near threatened   V = vulnerable
1 Japan–Australia Migratory Bird Agreement, China–Australia Migratory Bird Agreement, or Republic of Korea – Australia Migratory Bird Agreement
2 Cooling (2005)
3 Victorian Department of Sustainability and Environment (2003b)
4 Victorian Department of Sustainability and Environment (2009b); Heron and Joyce (2008)
5 Victorian Department of Sustainability and Environment (2009a)
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Riverland – Chowilla Floodplain
The Riverland – Chowilla Floodplain hydrologic indicator site comprises 
the Riverland Ramsar site and The Living Murray Chowilla Floodplain and 
Lindsay–Wallpolla Islands icon site. The hydrologic indicator site is located 
downstream of the Murray–Darling junction. The Riverland Ramsar site 
includes the South Australian portion of the Chowilla Floodplain, as well 
as adjacent wetland and floodplain areas downstream to Renmark (see 
Figure B15.1). It includes many wetlands and wetland complexes, such as the 
Ral Ral Creek anabranch (including Lake Merriti) and the Woolenook Bend 
wetland complex. The Riverland Ramsar site was listed in 1987, covering an 
area of about 31,000 ha.

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

The Riverland – Chowilla Floodplain hydrologic indicator site consists of a 
mosaic of anabranch creeks, wetlands, lagoons, lakes and floodplains. The 
floodplains are dominated by river red gum woodland, lignum shrublands, 
black box woodlands, grasslands and some localised areas of denser river 
red gum forest. The asset’s vegetation communities have varying locations 
and extents on the floodplain, with corresponding variations in inundation 
thresholds (MDBC 2006c; Newall et al. 2009; Cale 2009). The hydrology 
and ecology of the Riverland Ramsar site and The Living Murray Chowilla 
Floodplain and Lindsay–Wallpolla Islands icon site have been used to 
represent the environmental water requirements for much of the River 
Murray downstream of the Murray–Darling junction.

The boundary or extent of the site has been defined using a number of 
data sources. The Wetlands GIS of the Murray–Darling Basin Series 2.0 
(Kingsford, Thomas & Knowles 1999) and Directory of Important Wetlands 
in Australia dataset were used to determine the internal extent of the site 
(Department of the Environment, Water, Heritage and the Arts 2001). The 
downstream extent was determined using Ramsar Wetlands in Australia 
dataset, and The Living Murray indicative icon site boundaries were used 
to include the Wallpolla extent. Spatial data used in this map is listed in 
Table B1.3.

Values
The Riverland – Chowilla Floodplain has been identified as a hydrologic 
indicator site in the Murray–Darling Basin by meeting all five of the  
Murray–Darling Basin Authority’s (MDBA’s) key environmental assets  
criteria (Table B15.1).

Hydrology
The Riverland – Chowilla Floodplain hydrologic indicator site is located 
downstream of the Murray–Darling junction and therefore receives flows 
from both Murray and Darling catchments. The largest flows occur when 
both catchments are in flood. At low flows, the hydrology of the site is 
governed by the operation of locks 5, 6, 7, 8 and 9. These maintain elevated 
pools in the River Murray, and permanent water in some anabranch creeks 
and wetlands.
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There are localised variations in inundation thresholds across the South 
Australian, New South Wales and Victorian portions of the Riverland – 
Chowilla Floodplain hydrologic indicator site (MDBC 2006c), although 
for the purposes of the defining an environmental water requirement there 
is considerable overlap and consistency. The extent and depth of floodplain 
inundation is determined by flood magnitude and changes in elevation across 
the floodplain (Cale 2009). Flows of 40,000 ML/d to 60,000 ML/d are 
required to overtop the river banks and inundate floodplains, with significant 
floodplain inundation at the upper end of this range (MDBC 2006c). About 
half the Chowilla Floodplain is inundated at flows of 80,000 ML/d and 
flows in excess of 100,000 ML/d inundate extensive areas of the entire asset 
(MDBC 2006c). Newall et al. (2009) mapped inundation thresholds for the 
Riverland Ramsar site, which are consistent with the inundation thresholds 
identified above.

River regulation has significantly reduced the magnitude of flows, particularly 
medium-sized floods (Cale 2009). Average annual flow to South Australia 
has also been significantly reduced with a 52% reduction under current 
water resource development conditions compared to without-development 
conditions (CSIRO 2008c). Flows of 80,000 ML/d, which inundate about 
50% of Chowilla Floodplain, previously occurred once every two years on 
average, but now occur once every eight years (Cale 2009).

Table B15.1  MDBA key environmental assets criteria: Riverland – Chowilla Floodplain

Criterion Explanation

1.  Formally recognised in, and/or 
is capable of supporting species 
listed in, relevant international 
agreements

The Riverland – Chowilla Floodplain is formally recognised in, or is capable of supporting species listed in the Japan–
Australia, China–Australia or the Republic of Korea – Australia migratory bird agreements. It also contains the Riverland 
Ramsar site. For a full list of species listed under Commonwealth legislation that have been recorded at Riverland – 
Chowilla Floodplain see Table B15.4.

2.  Natural or near-natural, rare  
or unique

The site is located along the lower River Murray in the Murray–Darling Basin. At the time of listing, the Riverland Ramsar 
site contained excellent regional representations of major floodplain systems within the Murray Scroll Belt subregion 
(Newall et al. 2009). The Chowilla Floodplain substantially overlaps the Riverland Ramsar site, and is rare as only one of a 
few areas of the lower River Murray Floodplain not affected by irrigation, preserving much of its natural character (Newall 
et al. 2009). Significantly, the Chowilla Floodplain contains the largest remaining area of natural river red gum (Eucalyptus 
camaldulensis) forest in the lower River Murray (Newall et al. 2009).

3. Provides vital habitat

The Riverland – Chowilla Floodplain indicator site is important as critical habitat for both nomadic and migratory waterbirds 
during times of drought in central and eastern Australia, including as stop-over habitat for a number of migratory bird 
species listed under the Japan–Australia, China–Australia and Republic of Korea–Australia migratory bird agreements 
(Newall et al. 2009). The site is known to support waterfowl at critical stages of their biological life cycle, and Carpenter 
(1990) concluded that the Chowilla floodplain habitat and wetlands has outstanding importance for birds of South Australia.

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

The Riverland – Chowilla Floodplain meets this criterion because it supports species listed as threatened under state and/
or Commonwealth legislation. For a full list of species that have been recorded see Table B15.4.

A significant population of the nationally listed southern bell frog is supported by the Riverland Ramsar site which provides 
the combined habitat of permanent waters with still- to slow-flowing areas and nearby forests (Newell et al. 2009).

5.  Supports, or is capable 
of supporting, significant 
biodiversity

The Riverland – Chowilla Floodplain hydrologic indicator site has a relatively high diversity of terrestrial and aquatic 
habitats (MDBC 2006c). Over 40 vegetation associations representing 340 plant species have been identified 
(MDBC 2006c). The diverse range of habitats supports a total of 179 bird species (including 63 wetland-dependent 
species), 17 mammal species, 9 species of frog and 16 species of fish (Newall et al. 2009). More than 20,000 waterbird 
individuals have been recorded, including freckled duck (Stictonetta naevosa), red-necked avocet (Recurvirostra 
novaehollandiae) and red-kneed dotterel (Erythrogonys cinctus), which represents more than 1% of their estimated global 
population (Carpenter 1990; Newall et al. 2009). The anabranch environments present within the Riverland – Chowilla 
Floodplain site support significant populations of native fishes. In particular, the site provides valuable habitat for Murray 
cod populations, allowing different sized Murray cod (Macullochella peelii peelii) to exploit different habitats (Newall et 
al. 2009). This attribute is relatively rare in the post-regulation River Murray, is largely restricted to this and other Ramsar 
sites, and represents, to some degree, remnants of main channel environments before regulation.
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Table B15.2   Environmental objectives and targets: Riverland – Chowilla Floodplain

Objectives Justification of targets Target

1.  To conserve the Ramsar site consistent with 
its ecological character, and to protect and 
restore ecosystems that support migratory 
birds listed under relevant international 
agreements (Criterion 1)

2.  To protect and restore natural or near-natural, 
rare or unique water-dependent ecosystems 
(in their current state) (Criterion 2)

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

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

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

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

Maintain 80% of the current extent of wetlands 
in good condition

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

Maintain 80% of the current extent of red gum 
forest in good condition

Maintain 80% of the current extent of red gum 
woodland in good condition

Maintain 80% of the current extent of black box 
woodland in good condition

Maintain 80% of the current extent of lignum 
shrublands in good condition

This target is informed by that in The Chowilla Floodplain 
and Lindsay–Wallpolla Islands Icon Site Environmental 
Management Plan (MDBC 2006c). The Riverland Ramsar 
site ecological character description specifies no net 
reduction in waterbird breeding numbers or reduction in 
waterbird populations (particularly migratory) over any 
rolling 10-year period.

Provide conditions conducive to successful 
breeding of colonial nesting waterbirds

Environmental objectives and targets
The following proposed environmental objectives have been determined 
for the Riverland – Chowilla Floodplain using the key environmental asset 
criteria. Targets to achieve these objectives have been specified for flood-
dependent vegetation communities considered essential to support wetland 
processes and to provide crucial habitat for identified flora and fauna species. 
The objectives and targets are outlined in Table B15.2.

Objective 1 relates to the ecological character of the site at the time of its 
Ramsar listing in 1987. An ecological character description for the Riverland 
Ramsar site has been prepared by the SA Department of Environment and 
Heritage (Newall et al. 2009).

The characteristics for which the site is considered to be ‘key’ are broad, and 
consequently so are the objectives. However, after reviewing the ecological 
character description, and given the relatively consistent inundation 
thresholds and ecology across the different parts of the asset (i.e. flooding the 
Ramsar site will flood other parts of the site), it is apparent that achieving 
objective 1 will meet the requirements of the remaining objectives (i.e. 
conservation of ecological character will require protection and restoration of 
water-dependent ecosystems).

The ecological character description for the Riverland Ramsar site identifies 
the role of vegetation in providing the habitat template (Newall et al. 2009). 
In turn, vegetation structure and dynamics are influenced by the hydrologic 
regime and therefore vegetation and hydrology are the critical components 
of the site. The ecological character description specifies limits of acceptable 
change for wetlands, vegetation communities and habitat types and 
waterbirds (Newall et al. 2009). A representative set of these habitat types and 
communities has been selected and targets specified against them. Limits of 
acceptable change specified for the Riverland Ramsar site have been adopted 
for the entire Riverland – Chowilla Floodplain hydrologic indicator site as 
this represents best available science and will drive water requirements for the 
entire site. It is broadly consistent with the limits of change adopted for other 
River Murray indicator sites with ecological character descriptions.
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The ecological character description does provide limits of acceptable change 
for bird breeding events, but does note there is currently a knowledge gap 
on baseline conditions for birds. The Living Murray icon site environmental 
management plan specifies a target of successful colonial waterbird breeding 
at a minimum of three temporary wetlands and a frequency of at least once 
every three years (MDBC 2006c). Given the site’s boundary incorporates the 
entire Living Murray icon site, adopting this broader target is appropriate.

Environmental water requirements
A number of documents were examined to determine the flows needed 
to achieve the specified targets for the Riverland – Chowilla Floodplain 
hydrologic indicator site. The Riverland Ramsar site ecological character 
description was used predominately to determine the duration, frequency 
and timing of environmental watering requirements (Newall et al. 2009). 
A number of other site specific and more generic resources were drawn 
upon including The Chowilla Floodplain and Lindsay–Wallpolla Islands Icon 
Site Environmental Management Plan (MDBC 2006c), the Chowilla Creek 
Environmental Regulator Investment Proposal (SA Murray–Darling Basin 
Natural Resources Management Board 2008), a review of the Chowilla 
Floodplain’s flooding regime (Cale 2009) and a report of floodplain options 
for Lindsay, Mulcra and Wallpolla islands (Ecological Associates 2007c).

To assist in quantifying the environmental water requirements of the 
site, MDBA undertook analysis of flows required to achieve inundation 
of different vegetation communities. This was supported largely by data 
presented in the River Murray Floodplain Inundation Model (Overton et al. 
2006). The results of this analysis are shown in Figures B15.2 and B15.3.

Despite some differences in inundation thresholds, at the macro scale 
the hydrology of both the South Australian and Victorian portion of the 
Riverland – Chowilla Floodplain are broadly similar. It is therefore sensible 
to define the environmental water requirements for both sites together 
with site-specific details considered during development of environmental 
watering plans.

Similarly, it has been assumed that, due to relatively consistent hydrology 
and ecology (at the macro scale), the environmental water needs of these sites 
are also representative of environmental water requirements for much of the 
River Murray downstream of the Darling River junction. This assumption 
requires further analysis and investigation as preliminary work undertaken 
by South Australian departmental staff indicates that flows specified to 
meet targets at the Riverland – Chowilla Floodplain hydrologic indicator 
site may not be sufficient to meet all downstream requirements based on 
interrogation of the River Murray Floodplain Inundation Model. However, 
this analysis also revealed inconsistencies between modelled floodplain 
inundation and modelled flows that are unresolved. Subsequently, where 
a discrepancy exists between the literature and floodplain inundation and 
hydrologic modelling, analysis of modelled without-development flows has 
been used to help determine environmental water requirements, particularly 
to ensure the recommended flows are achievable and not greater than 
without-development flows.
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Environmental water requirements to achieve the proposed targets are 
shown in Table B15.3. The flow regime specified in Table B15.3 is not linked 
explicitly to any one document. It is an amalgam of information using 
existing literature and River Murray floodplain inundation modelled data 
filtered through analysis of modelled without-development and current 
arrangements flow data. While not all targets are explicitly shown in Table 
B15.3, it is expected that the combination of flows will also achieve those 
targets not shown (lignum shrublands and colonial nesting waterbirds). Cale’s 
work (2009) indicates that the flows specified for other targets will satisfy the 
water requirements for lignum and waterbird breeding. Similarly, analysis 
by Overton et al. (2009) of the relationship between breeding attempts by 
colonial nesting birds at Lake Merriti and flow thresholds indicates targets 
will be met by the specified flow regime.

 Table B15.3 should be read in its entirety to understand the environmental 
water requirements of the Riverland – Chowilla Floodplain. Although the 
targets and flow rules are separated, in fact multiple flow rules will help 
achieve each target. This approach has been used as it is not possible to define 
a single flow threshold for the vegetation community targets. The species 
cover a wide range of flows and a single indicator would be misleading 
(MDBC 2006c). As an example, depending on their location on the 
floodplain, river red gum forest and woodland communities require flows of 
5,000 ML/d to 70,000 ML/d (Cale 2009).

The different inundation thresholds across the Riverland – Chowilla 
Floodplain, as outlined above in the ‘Hydrology’ section, should also be 
considered when examining Table B15.3. While particular flow thresholds 
and durations may have been specified for particular targets, these should 
be read in combination with other recommendations as part of a broader 
flow regime.

During the development of environmental water requirements for the 
Riverland – Chowilla Floodplain hydrological indicator site it became 
apparent that recommended flow regimes and inundation requirements 
within existing literature are often inconsistent with the modelled without-
development flow data (this is not uncommon). For example, Newall et al. 
(2009) recommended a flow of 50,000 ML/d for four months for river red 
gum. The recommended frequency for the short-term limit of acceptable 
change is 1 in 3 years (33%), while the long-term limit of acceptable change is 
7–9 years in 10 (70–90%).
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Table B15.3  Environmental water requirements: Riverland – Chowilla Floodplain

Target

Event
Proportion of years event 
required to achieve target 

(%)

Proportion of 
years event 

occurs under 
modelled without-

development 
conditions (%)

Proportion of 
years event 

occurs under 
modelled current 

arrangements 
 (%)

Flow required 
(measured as 
flow to South 

Australia) 
(ML/d) Durationa Timing

Low 
uncertainty

High  
uncertainty

Maintain 80% of the current 
extent of wetlands in good 
condition

Maintain 80% of the current 
extent of river red gum forest 
in good condition

40,000
30 days total 
(with 7 day 
minimum)

June to 
December

70 50–60 80 39

40,000
90 days total 
(with 7 day 
minimum)

50 33 58 22

60,000
60 days total 
(with 7 day 
minimum)

33 25 42 12

Maintain 80% of the current 
extent of river red gum forest 
in good condition

Maintain 80% of the current 
extent of river red gum 
woodland in good condition

80,000
30 days total 
(with 7 day 
minimum)

Preferably 
winter/spring 
but timing not 
constrained 
to reflect that 
high flows are 
dependent on 
occurrence 
of heavy 
rainfall and 
will be largely 
unregulated 
events

25 17 34 11

Maintain 80% of the current 
extent of black box woodland 
in good condition

100,000
21 days total 
(with 1 day 
minimum)

17 13 19 6

125,000
7 days total 
(with 1 day 
minimum)

13 10 17 5

a Duration is expressed both as a total and minimum, allowing multiple smaller flow events that met the minimum criteria to comprise a successful event. Minimum 
durations are therefore a subset of total duration and should not be read independently. MDBA analysis showed that if a minimum duration is not specified and individual 
events must meet the total duration criteria, this resulted in a significantly reduced proportion of years.

Depending on assumptions, MDBA analysis shows this flow occurred 
39 times in the 113 years (35% of years) under without-development 
conditions. Similarly, Newall et al. 2009 (Figure B15.4) suggested that 
to inundate 80% of black box communities requires flows in the order of 
250,000 ML/d. However, as shown in Figure B15.4, without-development 
and current arrangements flow data shows only one of these events occurred 
in 110 years. Flows above about 140,000 ML/d are very infrequent, occurring 
9 times in 110 years, or on average 1 in 12 years. This is at the very edge of 
the flooding requirements of black box, as reported in texts such as Roberts 
and Marston (2000) and those compiled by Cale (2009). These observations 
may reflect:

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

•	 inaccuracies in MDBA modelling predictions of large floods
•	 that vegetation at these higher elevations is supported by flooding but is 

less important for tree survival
•	 that vegetation at these higher elevations is sustained by water from 

groundwater interactions associated with flood events (rather than 
direct inundation), or from rainfall. In a review of black box watering 
requirements, Cale (2009) identifies that they use groundwater and rain-
derived water. This is consistent with black box being ecologically flexible 
and a known opportunistic user of water (Roberts & Marston 2000).
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It is not possible to determine the exact reason for the discrepancy in 
inundation magnitude and modelled flow data, but the maximum flow 
adopted for black box inundation has taken this observation into account by 
limiting the recommendation to 125,000 ML/d, which is still consistent with 
Cale’s (2009) black box requirements.

These inconsistencies between literature and modelled flow data explain why 
the flow regime specified in Table B15.3 is not linked explicitly to any one 
document and is an amalgam of information and data analysis.

Figure B15.5 represents the recommended environmental water requirements 
for the site in a different format. A range of flow frequencies are reported 
for each flow threshold and the duration suggested for sustaining the site. 
These include the modelled without-development and current arrangements 
proportions, and the low or high uncertainty proportion of years. Proportions 
are shown for the entire modelling period (1895–2009). This plot shows that 
recommended environmental watering requirements are, to varying degrees, 
within the without-development to current arrangements proportion over the 
historical record.

Environmental water requirements for the Riverland – Chowilla Floodplain 
hydrological indicator site have been specified as daily targets. Hydrological 
modelling undertaken by MDBA to determine sustainable diversion limits 
for the Murray–Darling Basin required these daily water requirements to be 
aggregated to monthly demand volumes in order to allow this demand to be 
incorporated into the River Murray monthly simulation model.
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Figure B15.4  Modelled without-development and current arrangement flows to South Australia, 1895–2009
Source: based on MDBA analysis
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Figure B15.5   Recommended environmental water requirements and the proportion of their occurrence under 
modelled without-development conditions and current arrangements, 1895–2009:  
Riverland – Chowilla Floodplain

Risks
The condition of the Riverland – Chowilla Floodplain hydrological indicator 
site has declined significantly since river regulation, and in response to the 
more recent drought. Flows in the most recent drought have been the lowest 
on record since river regulation began in the 1920s, with no flows greater 
than 40,000 ML/d observed since 2001 (CSIRO 2008c). As an indicator of 
condition, Newall et al. (2009) reported that in 2006 only 24% of trees were 
considered healthy in the Chowilla Floodplain portion of the asset. Newall et 
al. (2009) concluded that this decline represented a clear change in ecological 
character of the Riverland Ramsar site, though it still meets the criteria 
for listing.

The current condition of the site should not be seen as reason for inaction. 
Newall et al. (2009) also identified the positive response from recent watering 
activities undertaken by South Australia and The Living Murray in the 
Chowilla Floodplain. Improvement was observed in tree and understorey 
vegetation, and a variety of fauna species. While the watering activities were 
localised, they indicate the likelihood of recovery of the broader asset in 
response to broader actions. For this reason, objective targets have not been 
modified in response to current condition.
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Table B15.4   Species relevant to criteria 1 and 4: Riverland – Chowilla Floodplain

Species

Recognised in 
international 

agreement(s)1

Environmental 
Protection and 

Biodiversity 
Conservation 

Act 1999 
(Cwlth)

Fisheries 
Management 

Act 2004 
(NSW)

Threatened 
Species 

Conservation 
Act 1995 
(NSW)

Flora and 
Fauna 

Guarantee 
Act 1998 

(Vic.)

National 
Parks and 
Wildlife Act 
1972 (SA)2

Fisheries 
Management 

Act 2007 
(SA)2

Amphibians and reptiles

Beaked gecko (Rhynchoedura ornata)7 CE

Broad-shelled tortoise (Chelodina expansa)4, 7 E V

Carpet python (Morelia spilota metcalfei)5, 7 E R

Lace monitor (Varanus varius)7 R

Mueller’s skink (Lerista muelleri)7 E

Murray tortoise (Emydura macquarii)4 L

Port Lincoln snake (Suta spectabilis)7 V

Red-naped snake (Furina diadema)7 V

Southern bell or growling grass frog (Litoria 
raniformis)3, 4, 7 V L E V

Striped legless lizard (Delma impar)7 V E

Birds

Australasian bittern (Botaurus poiciloptilus)6 V E V

Australasian darter (Anhinga novaehollandiae)7 R

Australasian shoveler (Anas rhynchotis)7 R

Australian pied oystercatcher (Haematopus 
longirostris)7 R

Banded stilt (Cladorhynchus leucocephalus)6, 7 V

Barking owl (Ninox connivens)7 V E R

Blue-billed duck (Oxyura australis)6, 7 V E R

Blue bonnet (Northiella haematogaster)7 E R

Blue-faced honeyeater (Entomyzon cyanotis)6, 7 R

Blue-winged parrot (Neophema chrysostoma)7 V

Brolga (Grus rubicunda)7 V V

Bush stone-curlew (Burhinus grallarius)6, 7 E R

Caspian tern (Sterna caspia)5  NT

Chestnut-rumped heathwren (Hylacola 
pyrrhopygia)7 V ssp

Curlew sandpiper (Calidris ferruginea)5  ssp

Eastern great egret (Ardea modesta)5, 7  V V

Freckled duck (Stictonetta naevosa)6, 7 V E V

Gilbert’s whistler (Pachycephala inornata)7 V R

Glossy ibis (Plegadis falcinellus)6, 7  R

Great crested grebe (Podiceps cristatus)6, 7 R

Greenshank (Tringa nebularia)5 

Grey currawong (Strepera versicolor)7 ssp

Grey-crowned babbler (Pomatostomus 
temporalis temporalis)7 V E

Gull-billed tern (Gelochelidon nilotica)7 E

Hooded robin (Melanodryas cucullata)7 V NT ssp

Intermediate egret (Ardea intermedia)6, 7 CE R

Jacky winter (Microeca fascinans)7 ssp

Little egret (Egretta garzetta)7 E R

Little friar bird (Philemon citreogularis)6, 7 R

… continued



Guide to the proposed Basin Plan  Technical background  Part II 668

Table B15.4   Species relevant to criteria 1 and 4: Riverland – Chowilla Floodplain (continued)

Species

Recognised in 
international 

agreement(s)1

Environmental 
Protection and 

Biodiversity 
Conservation 

Act 1999 
(Cwlth)

Fisheries 
Management 

Act 2004 
(NSW)

Threatened 
Species 

Conservation 
Act 1995 
(NSW)

Flora and 
Fauna 

Guarantee 
Act 1998 

(Vic.)

National 
Parks and 
Wildlife Act 
1972 (SA)2

Fisheries 
Management 

Act 2007 
(SA)2

Major Mitchell’s cockatoo (pink cockatoo) 
(Lophochroa leadbeateri)6, 7 V V R

Malleefowl (Leipoa ocellata)7 V E E V

Musk duck (Biziura lobata)6, 7 CE R

Olive-backed oriole (Oriolus sagittatus)7 R

Orange-bellied parrot (Neophema chrysogaster)7 CE E

Pacific golden plover (Pluvialis fulva)7 R

Pectoral sandpiper (Calidris melanotos) R

Peregrine falcon (Falco peregrinus)7 R

Red-chested button-quail (Turnix pyrrhothorax)7 V

Red-necked stint (Calidris ruficollis)5 

Regent parrot (eastern) (Polytelis anthopeplus 
monarchoides)3, 7 V E V ssp

Restless flycatcher (Myiagra inquieta)7 R

Ruddy turnstone (Arenaria interpres)7 R

Scarlet robin (Petroica boodang)7 ssp

Scarlet-chested parrot (Neophema splendida)7 R

Sharp-tailed sandpiper (Calidris acuminate)5 

Square-tailed kite (Lophoictinia isura)6 V V

Striped honeyeater (Plectorhyncha lanceolata)6, 7 R

White-bellied sea-eagle (Haliaeetus 
leucogaster)6, 7  V E

White-winged chough (Corcorax 
melanorhamphos)7 R

Wood sandpiper (Tringa glareola)7 R

Fish

Freshwater catfish (Tandanus tandanus)4, 5 E E E P

Murray cod (Maccullochella peelii peelii)3, 5 V E E

Murray hardyhead (Craterocephalus fluviatilis)3, 5 V CE CE CE

Silver perch (Bidyanus bidyanus)5 V CE E P

Southern pigmy perch (Nannoperca australis)5 E E P

Trout cod (Maccullochella macquariensis)5 E E CE EX P

Unspecked hardyhead (Craterocephalus 
sterusmuscarum fluvus)5 L R

Mammals

Feathertailed glider (Acrobates pygmaeus)5, 7 E

Common brushtail possum (Trichosurus 
vulpecula)7 R

Little pied bat (Chalinolobus picatus)7 E

Plant

Australian broomrape (Orobanche cernua var. 
Australiana)7 R

Barren cane-grass (Eragrostis infecunda)7 R

Behr’s swainson-pea (Swainsona behriana)7 V

Bignonia emu-bush (Eremophila bignoniiflora)7 V

Black cotton-bush (Maireana decalvans)7 E

Black-fruit daisy (Brachyscome melanocarpa)7 V

… continued



Appendix B  Hydrologic indicator sites 669

Table B15.4   Species relevant to criteria 1 and 4: Riverland – Chowilla Floodplain (continued)

Species

Recognised in 
international 

agreement(s)1

Environmental 
Protection and 

Biodiversity 
Conservation 

Act 1999 
(Cwlth)

Fisheries 
Management 

Act 2004 
(NSW)

Threatened 
Species 

Conservation 
Act 1995 
(NSW)

Flora and 
Fauna 

Guarantee 
Act 1998 

(Vic.)

National 
Parks and 
Wildlife Act 
1972 (SA)2

Fisheries 
Management 

Act 2007 
(SA)2

Creeping boobialla (Myoporum parvifolium)7 R

Cyperus (Cyperus nervulosus)7 R

Dainty maiden-hair (Adiantum capillus-veneris)7 V

Darling lily (Crinum flaccidum)7 V

Desert spurge (Euphorbia tannensis eremophila)7 E

Frankenia (Frankenia cupularis)7 R

Hairy darling-pea (Swainsona greyana)7 E

Hoary scurf-pea (Cullen cinereum)7 E

Jagged bitter-cress (Rorippa laciniata)7 R

Matted water starwort (Callitriche sonderi)7 R

Nutty club-rush (Isolepis producta)6 V

Pale beauty-heads (Calocephalus sonderi)6, 7 R

Pale flax-lily (Dianella porracea)7 V

Pale-fruit cherry (Exocarpus strictus)6, 7 R

Plains spurge (Euphorbia planiticola)7 E

Poison pratia (Pratia concolor)7 R

Purple crassula (Crassula peduncularis)6, 7 R

Purple love-grass (Eragrostis lacunaria)7 R

Robust milfoil (Myriophyllum papillosum)6, 7 R

Shade peppercress (Lepidium 
pseudotasmanicum)7 V

Silver saltbush (Atriplex rhagodioides)7 V

Slender fissure-plant (Maireana pentagona)6, 7 R

Small monkey-flower (Mimulus prostratus)7 R

Small-flower beetle-grass (Diplachne parviflora)7 R

Spiny lignum (Muehlenbeckia horrida horrida)7 R

Spreading goodenia (Goodenia heteromera)7 R

Squat picris (Picris squarrosa)6, 7 R

Stalked brooklime (Gratiola pedunculata)7 R

Swamp daisy (Brachycome basaltica var. 
gracilis)6, 7 R

Tufted burr-daisy (Calotis scapigera)6, 7 R

Upright milfoil (Myriophyllum crispatum)6, 7 V

Water starwort (Callitriche umbonata)6, 7 V V

Waterwort (Elatine gratioloides)6, 7 R

Wavy marshwort (Nymphoides crenata)6 ,7 R

Zannichellia (Zannichellia palustris)7 R

CE = critically endangered   DD = data deficient   E = endangered   EP = endangered population   EX = extinct   L = listed   NT = near threatened   P = protected   SSP = 
threatened at the sub-specific level2   V = vulnerable

1 Japan–Australia Migratory Bird Agreement, China–Australia Migratory Bird Agreement, or Republic of Korea – Australia Migratory Bird Agreement
2 ssp = The threatened status applies at the subspecific level; however, the database record is at the species level. For completeness these records are retained but expert 

interpretation is required for this record to resolve subspecific taxonomy.
3 Murray–Darling Basin Commission (2006c)
4 Lloyd et al. (2009)
5 SA Department of Water, Land and Biodiversity Conservation (2009a)
6 Newall et al. (2009)
7 NSW Department of Environment, Climate Change and Water (2009e), SA Department for Environment and Heritage (2009), Victorian Department of Sustainability  

and Environment (2009a)
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The Coorong, Lower Lakes and 
Murray Mouth
The Coorong, Lower Lakes and Murray Mouth are located at the 
downstream end of the Murray–Darling River system (see Figure B16.1). 
The 140,500 ha hydrologic indicator site is one of Australia’s most important 
wetland areas and includes a diverse range of freshwater, estuarine and marine 
habitats which supports unique plant and animal life (Department of the 
Environment, Water, Heritage and the Arts 2009j).

The River Murray terminates in South Australia at the Southern Ocean, 
having passed through Lake Alexandrina, the Murray Estuary and finally, the 
Murray Mouth. Lake Albert is a terminal lake connected to Lake Alexandrina 
by a narrow channel. These are the Lower Lakes.

The Coorong is a shallow, brackish to hypersaline lagoon approximately 
140 km long, separated from the Southern Ocean by a narrow sand dune 
peninsula. It is the only estuarine area in 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.

The boundary of The Coorong, Lower Lakes and Murray Mouth hydrologic 
indicator site is defined by the Ramsar Wetlands of Australia dataset. Spatial 
data used in this map is listed in Table B1.3.

Values
The Coorong, Lower Lakes and Murray Mouth collectively have been 
identified as a hydrologic indicator site in the Murray–Darling Basin by 
meeting all five of the Murray–Darling Basin Authority’s (MDBA’s) key 
environmental assets criteria (Table B16.1). It is also an icon site under The 
Living Murray program, Australia’s largest river restoration program jointly 
funded by the New South Wales, Victorian, South Australian, Australian 
Capital Territory government and by the Australian Governments, and 
coordinated by MDBA.
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Figure B16.1  Location and extent of hydrologic indicator site: The Coorong, Lower Lakes and Murray Mouth
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Table B16.1  MDBA key environmental assets criteria: The Coorong, Lower Lakes and Murray Mouth

Criterion Explanation

1.  Formally recognised in, and/or is capable 
of supporting species listed in, relevant 
international agreements

Approximately 140,500 ha of The Coorong and lakes Alexandrina and Albert were listed under the 
Convention on Wetlands of International Importance (the Ramsar Convention) in 1985. The Coorong, 
Lake Alexandrina and Lake Albert site meets eight of the nine nominating criteria for Ramsar listings 
(Phillips & Muller 2006). Species listed in the Japan–Australia, China–Australia and/or Republic of Korea 
– Australia migratory bird agreements have been recorded at, and are supported by, the site. For a full 
list of relevant species that have been recorded, please refer to Table B16.5.

2. Natural or near-natural, rare or unique

The site consists of a unique mosaic of 23 Ramsar wetland types which include intertidal mud, sand or 
salt flats, coastal brackish/saline lagoons, permanent freshwater lakes, permanent freshwater marshes/
pools, shrub-dominated wetlands, and water storage areas (Phillips & Muller 2006). The site is unique in 
its wide representation of wetland types within the bioregion. The site includes the only estuarine system 
in the Murray–Darling Basin.

3. Provides vital habitat

A large number of fish and bird species are supported by this site during critical stages of their life 
cycles. Of the 49 species of native fish recorded, 20 species utilise the site at critical stages of their 
life cycle. This includes seven fish species, such as common galaxias and estuary perch, which 
move between fresh, estuarine and marine waters at various stages of their life to breed (Phillips & 
Muller 2006).

A total of 77 bird species have been recorded at the site, most being waterbirds (Phillips & Muller 2006). 
The site is important as waterbird habitat at a global, national and state scale. Forty-nine species of 
birds, including 25 species listed under international migratory agreements, rely on the wetland at critical 
life stages, such as migration stopover, for breeding habitat or as refuge during times of drought.

This site is considered significant because of the diversity of its fish species and the diversity of their 
form, structure and breeding styles, including their migration habits between fresh, estuarine and marine 
waters (Phillips & Muller 2006).

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

The site supports species listed as threatened under Commonwealth and/or state legislation. For a full 
list of relevant species that have been recorded, please refer to Table B16.5.

5.  Supports, or is capable of supporting, 
significant biodiversity

The site is one of Australia’s iconic wetlands and a biodiversity hot spot, supporting critically 
endangered, endangered, threatened and vulnerable species and ecological communities. It also 
supports extensive and diverse waterbird, fish and plant assemblages, which are reliant on its complex 
mosaic of wetland types (Phillips & Muller 2006).

The Department of Sustainability, Environment, Water, Population and Communities identified The 
Coorong as part of one of 15 national biodiversity hot spots. The biodiversity hot spot covers an area of 
South Australia’s south-east and Victoria’s south-west.

A significant number of waterbirds use this Ramsar site, at times reaching 200,000 to 400,000 
individuals — far in excess of the 20,000 or more waterbirds required to meet the Ramsar criteria 
(Phillips & Muller 2006). A number of species that frequent this site regularly occur in abundances 
greater than 1,000 individuals. Sixteen species of waterbirds have been recorded in numbers greater 
than 1% of the global population, including the Cape Barren goose (Cereopsis novaehollandiae), curlew 
sandpiper (Calidris ferruginea), red-necked avocet (Recurvirostra novaehollandiae) and fairy tern 
(Sterna nereis) (Phillips & Muller 2006).

The site also supports the Gahnia sedgelands, swamps of the Fleurieu Peninsula, and several species 
of note contribute to the site’s biological diversity, including the Murray hardyhead (Craterocephalus 
fluviatilis), Yarra pygmy perch (Nannoperca obscura), southern bell frog (Litoria raniformis), 
Australasian bittern (Botaurus poiciloptilus) and hooded plover (Thinornis rubricollis rubricollis) 
(Phillips & Muller 2006).

Hydrology 
The hydrology of The Coorong, Lower Lakes and the Murray Mouth is 
a complex, spatially and temporally variable interaction of inflows from 
the River Murray, other surface-water and groundwater sources and the 
Southern Ocean. 

The Lower Lakes are large, freshwater lakes physically separated from the 
Murray Mouth and The Coorong by a network of barrages and a series of 
islands. Three fishways are installed on the Tauwitchere Barrage and one on 
the Goolwa Barrage to enable fish passage between the Lower Lakes and 
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The Coorong. Water levels in the Lower Lakes fluctuate seasonally: they are 
generally higher in winter and lower in summer because of River Murray and 
tributary inflows and climatic factors such as wind, tides and evaporation 
(Phillips & Muller 2006). In addition to River Murray inflows, tributaries 
from the Eastern Mount Lofty Ranges contribute to the River Murray 
and lake levels, with estimated surface-water availability of 120 GL/y from 
the region representing 0.5% of total run-off from Murray–Darling Basin 
(CSIRO 2007b). Inflows to the Lower Lakes are likely to be slightly less.

Lake Alexandrina is broad and shallow with complex and extensive fringing 
vegetation and an array of sand and mud islands. Lake Albert, which is 
also shallow but typically more saline, lies south-east of Lake Alexandrina. 
The Narrung Narrows, a channel between Point Malcolm and Narrung 
Peninsula, connects the two lakes, which were disconnected during recent 
drought. Salinity in Lake Alexandrina is primarily controlled by flow 
through the barrages (Heneker 2009). As a terminal wetland with a narrow 
connection with Lake Alexandrina, flow into and out of Lake Albert is 
controlled by the water level in Lake Alexandrina, which in turn is affected 
by inflows, wind and evaporation. Water levels and water quality, specifically 
salinity levels, in Lake Albert cannot be managed independently of those in 
Lake Alexandrina (Heneker 2009). 

The Coorong is a body of water about 140 km long, separated from the 
Southern Ocean by a narrow coastal dune system. It is divided into three 
sections: the Murray Estuary, North Lagoon and South Lagoon. The Murray 
Estuary’s location ranges between Goolwa Barrage and Pelican Point, and 
covers the Goolwa, Coorong and Mundoo channels. Salinity levels fluctuate 
with flows over the barrages and other factors, including the openness of 
the Murray Mouth, which connects The Coorong and the Southern Ocean 
(MDBC 2006d). Under without-development conditions, River Murray flows 
kept the Murray Mouth open, but river regulation and water extraction have 
combined to reduce these flows to a point where they can no longer do this. 
The Murray Mouth closed for the first time in 1981 (Phillips & Muller 2006) 
and is currently maintained by dredging. 

North Lagoon extends from Pelican Point to Parnka Point, and has salinity 
conditions similar to that of the Murray Mouth, with the salinity gradient 
increasing southwards along the lagoon.

South of Parnka Point, South Lagoon extends past Salt Creek, where it 
becomes a series of hypersaline lagoons (MDBC 2006d). Before European 
settlement, South Lagoon received, in addition to flows from the River 
Murray, inflows from the south-east of South Australia and western Victoria, 
via a series of flat, inter-dunal wetlands and watercourses.

Much of this area has been cleared and drained for agriculture, and natural 
flow paths have been interrupted. Some flows have been re-established via 
the Upper South East Drainage Scheme, with flows entering South Lagoon 
at Salt Creek (Phillips & Muller 2006). No detailed assessments have been 
made of pre-European flows into South Lagoon, but it is likely they followed 
rainfall patterns and varied annually and seasonally.

Recent assessments by the South Australian Government (Way & Heneker 
2007; South Australian Department of Water, Land and Biodiversity 
Conservation 2009b) indicate it may be feasible to reinstate inflows of 
between 35 and 60 GL/y on average. Lester and others (2009) assessed the 
impact of a range of different management scenarios on the hydrodynamics 
and ecosystem state in The Coorong, including increased inflows from the 
Upper South East Drainage Scheme. While the assessment showed some 
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benefits from the scheme’s inflows, it revealed that contributions are small 
compared to River Murray inflows, which are the main driver in maintaining 
healthy ecosystems in The Coorong (Lester et al. 2009).

The salinity of The Coorong generally increases with distance from the 
Murray Mouth, but varies over time, mainly in response to freshwater inflows 
over the barrages (MDBC 2006d). Saline waters of The Coorong lagoons 
and Murray Mouth are prevented from entering the Lower Lakes and River 
Murray by the barrages built in the 1930s (MDBC 2006d; Phillips & Muller 
2006). The salinity variation, representing estuarine, marine and hypersaline 
conditions, supports different ecological communities (Brookes et al. 2009).

The magnitude and timing of River Murray inflows to the region have 
changed significantly since European settlement, with water consumption 
across the Basin reducing average annual flow at the Murray Mouth by 61% 
(CSIRO 2008c). MDBA modelling during development of the Basin Plan 
further demonstrates the impact of water resource development on flows 
through the barrages, particularly during dry times (Table B16.2). The lowest 
rolling three-year average flow was the period between 2006–07 and 2008–
09 for both without-development and current arrangements conditions. This 
rolling three-year average has reduced by 96% under current arrangement 
conditions, compared to without-development conditions (Table B16.2).

This data analysis is supported by Brookes et al. (2009), who report that 
water resource development, combined with a regional drought, resulted 
in especially low inflows to The Coorong from the Lower Lakes barrages 
between 2002 and 2009. This has resulted in siltation of the Murray Mouth 
channel and the hypersalinisation of South Lagoon, where salinities in excess 
of four times seawater have been recorded (Brookes et al. 2009).

Reduced river flows and an associated increased likelihood of Murray 
Mouth closure threaten the ecological function of The Coorong through the 
tendency for higher salinities in the system, changes to the water level regime, 
and blockage of fish migration pathways (Brookes et al. 2009). Similarly, 
Phillips and Muller (2006) note that changes to the flow regime have resulted 
in significant adverse changes to the ecological character of the region since 
its listing as a Ramsar wetland in 1985.

Table B16.2   Modelled barrage without-development and current 
arrangements flows, 1895–2009: The Coorong, Lower 
Lakes and Murray Mouth

Modelled barrage flows Without development Current arrangements

Average annual 12,500 GL 5,100 GL

Wettest five years

49,000 GL (1956–57)

36,400 GL (1917–18)

34,700 GL (1955–56)

29,400 GL (1974–75)

27,700 GL (1952–53)

42,600 GL (1956–57)

28,300 GL (1917–18)

24,800 GL (1955–56)

23,000 GL (1974–75)

18,100 GL (1975–76)

Driest five years

400 GL (2006–07)

1,800 GL (1914–15)

1,800 GL (1982–83)

2,400 GL (1902–03)

2,800 GL (2008–09)

0 GL (2008–09)

50 GL (2007–08)

60 GL (1902–03)

80 GL (1914–15)

240 GL (1944–45)

Lowest three-year  
rolling average 2,500 GL (2006–07 to 2008-09) 100 GL (2006–07 to 2008–09)

Source: based on MDBA analysis
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Table B16.3  Environmental objectives and targets: The Coorong, Lower Lakes and Murray Mouth

Objectives Justification of targets Targets

1.  To conserve the Ramsar site 
consistent with its ecological 
character at the time of listing, and 
to protect and restore ecosystems 
that support migratory birds 
listed under relevant international 
agreements (Criterion1)

3.   Protect and conserve natural, or 
near-natural, rare or unique water-
dependent ecosystems (in their 
current state) (Criterion 2)

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

5.   To protect and restore water-
dependent ecosystems that 
support Commonwealth-, state- or 
territory-listed threatened species 
and communities (Criterion 4)

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

As the entire hydrologic indicator site is Ramsar listed, and the ecological 
character includes all components or values contained in other objectives, 
achieving objective 1 will achieve other objectives.  

For the purpose of determining environmental water requirements, the 
site has been broken into a number of parts, reflecting differences in 
ecological character. These parts are:

• Coorong South Lagoon
• Coorong North Lagoon
• Lakes Alexandrina and Albert
• Murray Mouth.
Ruppia tuberosa and Ruppia megacarpa are recognised as keystone 
species in The Coorong. Ruppia are important for a range of species, 
including waterbirds. Providing appropriate conditions for these plants will 
cater for the broader Coorong ecosystem.

Water flow out of the Murray Mouth is important to export salt from the 
river system. Tidal exchange through the Murray Mouth is also recognised 
as being important in maintaining a healthy ecosystem in The Coorong.

Salinity and water level are key determinants of the ecology of Lakes 
Alexandrina and Albert. Evidence suggests that prior to European 
settlement the lakes were predominantly freshwater with a seasonally 
variable water level (Phillips & Muller 2006). Barrages were constructed 
in the 1930s to maintain the lakes as a freshwater system. Continued 
operation of the barrages together with additional flows for The Coorong 
and salt export targets are likely to maintain the lakes as predominantly 
freshwater, and therefore no lake salinity targets are specified. Targets 
are specified to provide a variable lake level regime to water-fringing 
vegetation communities and avoid acidification from acid sulfate soils.

Maintain a diverse range of healthy 
estuarine, marine and hypersaline 
conditions in The Coorong, in particular 
healthy populations of keystone species 
such as tuberosa in South Lagoon and 
megacarpa in North Lagoon

Provide sufficient flows to enable export of 
salt and nutrients from the Murray–Darling 
Basin through an open Murray Mouth

Provide a variable lake level regime to 
support a healthy and diverse riparian 
vegetation community and avoid 
acidification

Environmental objectives and targets
Environmental objectives for The Coorong, Lower Lakes and Murray 
Mouth hydrologic indicator site have been determined using the MDBA 
key environmental assets criteria. Targets to achieve these objectives have 
been specified for each component of the indicator site. These are outlined in 
Table B16.3.

The Coorong, Lower Lakes and Murray Mouth fit multiple criteria, so a 
broad range of objectives are thus appropriate. For the purpose of defining 
environmental water requirements, the needs of each part of the site have 
been considered separately. The water requirements for each part were then 

checked for consistency, and integrated. 

Environmental water requirements
Environmental water requirements for each target are discussed separately 
below and summarised in Table B16.4. Note that although targets and flow 
rules are separated within Table B16.4, multiple flow rules will contribute to 
achieving each target and therefore should be read in combination as a part of 
broader flow regime.
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Target 1: maintain a range of healthy estuarine, marine and 
hypersaline conditions in The Coorong, including healthy 
populations of keystone species such as R. tuberosa in South 
Lagoon and R. megacarpa in North Lagoon

The environmental water requirements of The Coorong have been estimated 
based on analysis of the needs of R. tuberosa and R. megacarpa, also known as 
tuberous tassel and large-fruit tassel respectively. These are keystone species 
underpinning the ecology of The Coorong, and are indicators of the overall 
health of the ecosystem. 

South Lagoon — R. tuberosa

A number of scientific studies have assessed salinity preferences and tolerances 
for both R. tuberosa and R. megacarpa (Brock 1982, 1985; Geddes 1987; 
Nicol 2005, 2007; Rogers & Paton 2009; Overton et al. 2009). These studies 
have shown that while there are clear thresholds and preferences, they vary 
between locations. Consequently, studies specific to The Coorong have been 
used to define environmental water requirements for the proposed Basin Plan.

Salinity is not the only determinant of the distribution of Ruppia species. 
Turbidity and water depth are also significant factors (Carruthers, Walker 
& Kendrick 1999). Overton et al. (2009) identified that the distribution of 
R. tuberosa in South Lagoon is linked to both salinity and water level. Lester 
and Fairweather (2009) similarly identified that water level is a significant 
determinant of the health of the ecosystem in South Lagoon. Water level is 
thought to be important because it impacts on R. tuberosa habitat (mudflats). 
Low water levels expose the mudflats and R. tuberosa plants, causing death 
over large areas (Paton 2010). Based on these findings, salinity and water level 
have been assessed to determine the environmental water requirements for 
South Lagoon.

Overton et al. (2009) found that R. tuberosa distribution in South Lagoon 
correlates most strongly with average salinity of about 70–80 g/L. Overton 
et al. (2009) analysed mapping of R. tuberosa distribution between 1998 and 
2008. This period was characterised by drier and more saline conditions than 
the historical average. It is therefore possible that the salinity preferences of 
R. tuberosa are over-estimated. Modelled long-term average salinity in South 
Lagoon under current arrangements is about 60 g/L. Given the decline in 
condition that has been observed at the site, and the close link with increases 
in salinity, it is proposed that 60 g/L is adopted as an upper limit long-term 
average salinity target. A lower target would likely have ecological benefits, 
but there is insufficient information available to make a more specific 
recommendation at this time.

Salinity in The Coorong varies seasonally with changes in inflows and tidal 
patterns. Overton et al. (2009) found that R. tuberosa distribution is related 
not only to average salinities, but also seasonal salinity peaks. R. tuberosa 
presence was greatest with peak salinity of about 100 g/L, and presence of 
R. tuberosa declined by about 50% when maximum salinity exceeded about 
130 g/L (Overton et al. 2009). Freebairn (1999) found that active growth 
of R. tuberosa has only been reported in water up to 108 g/L. An upper 
threshold of about 100 g/L for R. Tuberose has been suggested (Dr J Nicol 
[South Australian Research and Development Institute] 2010, pers. comm., 
7 June).
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These studies indicate that R. tuberosa:

•	 prefers peak salinities less than 100 g/L
•	 may tolerate temporary increases above 100 g/L, with plants becoming 

dormant and some decline in abundance and cover
•	 suffers the likelihood of significant decline at salinities above 130 g/L.

Drawing upon this information maximum salinity of less than 100 g/L is 
recommended for 95% of years, and less than 130 g/L in 100% of years.

In terms of water level, Overton et al. (2009) found R. tuberosa distribution 
in South Lagoon correlates most strongly with average annual water level of 
about 0.27 m Australian Height Datum (AHD), with the relationship with 
R. tuberosa presence being weaker than for salinity. Lester and Fairweather 
(2009) determined water levels above 0.37 m AHD provided the healthiest 
ecosystem state, while water levels less than –0.09 m AHD provided degraded 
ecosystem states in South Lagoon. Healthy ecosystem states are important for 
resilience, such as for building the Ruppia population and seed bank, while 
degraded ecosystem states should be avoided.

Relationships between barrage flows and salinity and water levels are required 
to determine flows to achieve these salinity and water level outcomes. 
Overton et al. (2009) identified correlations between flow over Tauwitchere 
and Ewe Island barrages, and both salinity and water level in South Lagoon. 
Actual data for the period 1999–2007 were used to develop these correlations.

MDBA has explored the same correlations using 114 years of modelled data. 
The results are consistent with Overton et al. (2009), but provide a longer 
period analysis and a more diverse range of conditions. The relationship 
between total barrage flow and salinity is shown in Figures B16.2 and B16.3. 
Figure B16.2 shows the relationship between average salinity in a given year 
to the rolling average flow over the previous three years (average salinity was 
found to be most closely related to the rolling three-year average).

This shows that achieving an average salinity of 60 g/L requires a rolling 
three-year average barrage flow of between about 2,000 and 5,000 GL/y. 
Modelled long-term average barrage flow under current arrangements 
is about 5,100 GL/y. This is proposed as a minimum long-term average 
flow. Greater flow will reduce salinity and likely improve conditions for 
R. tuberosa, but there is insufficient information to make a more specific 
recommendation. Increases in long-term average flow may be required for 
other key environmental assets and key ecosystem functions across the Basin, 
and any such increase will be of benefit to R. tuberosa in South Lagoon (and 
other targets at the site).

Figure B16.3 shows the relationship between maximum salinity in a given 
year to the rolling average flow over the previous three years. Once again, a 
three-year rolling average was found to provide the best relationship. This 
shows that to maintain salinity of <100 g/L requires a rolling three-year 
average barrage flow of about 2,000 GL/y, and maintaining salinity of <130 
g/L requires a rolling three-year average barrage flow of about 1,000 GL/y.  

Recommended flows to maintain suitable salinity conditions for R. tuberosa 
in South Lagoon are:

•	 long-term average barrage flow at least 5,100 GL/y
•	 three-year rolling average barrage flow of >2,000 GL/y in 95% of years
•	 three-year rolling average barrage flow of >1,000 GL/y in 100% of years.
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Figure B16.2  Relationship between barrage flow and average salinity: South Lagoon
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Figure B16.3:  Relationship between barrage flow and maximum salinity: South Lagoon
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Figure B16.4  Relationship between barrage flow and water level: South Lagoon
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The relationship between barrage flow and water level in South Lagoon is 
shown in Figure B16.4. Water level was found to be most closely correlated 
with barrage flow in the same year, rather than a rolling average as for salinity. 
The relationship between barrage flow and water level is weaker, particularly 
for periods of low flow when other factors such as local sea level are likely to 
be more influential.

For this reason water level is not used as a primary determinant, but checks 
for consistency have been made with flows estimated for salinity. The flows 
proposed based on salinity requirements for R. tuberosa will avoid very low 
water levels associated with degraded ecosystem states (less than –0.09 m 
AHD) and provide water levels in the range of healthy ecosystem states 
(>0.37 m AHD) in many years.

The figure also indicates that high flows (>5,100 GL/y) may be important 
in achieving high water levels and associated healthy ecosystem states. It is 
difficult to make specific recommendations regarding the frequency of these 
high-flow years, and in the absence of further information maintenance of at 
least the current frequency of high flows is recommended.

North Lagoon – R. megacarpa

Relative to R. tuberosa, less is known regarding the salinity preferences of 
R. megacarpa in The Coorong. Some information is available regarding 
thresholds of salinity tolerance. Brock (1982) identifies R. megacarpa as having 
an upper threshold of about 46 g/L.

Brock (1982) also identified that salinity has an impact on germination 
of R. megacarpa. Maximum seed germination occurred in freshwater. 
Seed germination reduced by about 93% at a salinity of 19 g/L, and no 
germination occurred at a salinity of 42 g/L. Periods of low salinity (i.e. lower 
than seawater) are therefore likely to be important for recruitment  
of R. megacarpa.
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Figure B16.5  Relationship between barrage flow and average salinity: North Lagoon
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Figure B16.6  Relationship between barrage flow and maximum salinity: North Lagoon
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Relationships between barrage flow and average and maximum salinity in 
North Lagoon are shown in figures B16.5 and B16.6. The minimum flow 
of 1,000 to 2,000 GL/y is consistent with a maximum salinity of about 
45 to 50 g/L, and the long-term average flow of 5,100 GL/y will provide 
average salinities in the range 15 to 25 g/L. High-flow years will provide 
lower salinities and may be important for recruitment of Ruppia species. 
The flows proposed for South Lagoon are therefore considered appropriate for 
North Lagoon.

Murray Mouth opening and ecological character of The Coorong

Research (e.g. Lester & Fairweather 2009) has demonstrated that the health 
of The Coorong is sensitive to closure of the Murray Mouth and it is very 
unlikely that The Coorong would support predominantly healthy ecosystem 
states without functional connectivity to the mouth.

Regional management objectives (e.g. MDBC 2006d; Phillips & Muller 
2006) include having a permanently open Murray Mouth. Unfortunately, 
there is no single volume sufficient to keep the Mouth open, as the 
relationship between an open Murray Mouth and flow is complex. In 
addition, management intervention by dredging has been used since 2002 
to maintain an open Murray Mouth. Accordingly, a specific target is not 
explicitly specified for Murray Mouth opening.

Historical records indicate that closure of the Murray Mouth is an infrequent 
event. It is expected that the flow regime specified to meet targets for The 
Coorong, Lower Lakes and Murray Mouth hydrologic indicator site will be 
sufficient to maintain an open Murray Mouth for a high proportion of time, 
and thus support healthy ecosystem states within The Coorong and maintain 
its ecological character.

Target 2: provide sufficient flows to enable export of salt and 
nutrients from the Basin through an open Murray Mouth

The Basin Plan Water Quality and Salinity Management Plan is likely to 
propose a salt export target of a minimum of 2 million t/y on a 10-year 
rolling average; that is, 20 million tonnes in any 10-year period. This is based 
on the salt export target of 1.8 million t/y at Morgan South Australia (with a 
10% allowance for salt intrusion between Morgan and the barrages), which 
was previously developed under the Basin Salinity Management Strategy. The 
Basin Salinity Management Strategy target is based on actual discharge of salt 
from the Basin (to Morgan) between 1975 and 2000.

The volume of flow required to achieve this salt export depends on the salinity 
of water in the River Murray. The Water Quality and Salinity Management 
Plan is also likely to propose a target of 500 mg/L for raw drinking water. 
With drinking water extracted from the River Murray at Murray Bridge and 
Tailem Bend, this applies directly to salinity in the lower reaches of the River 
Murray immediately upstream of Lake Alexandrina. Actual average salinity at 
Murray Bridge is typically less, with an average of about  
390 mg/L 1975–2010.

Achieving the salt export target together with the water quality target will 
require a minimum 10-year rolling average flow at Tailem Bend, and into 
Lake Alexandrina, of 4,000 GL/y. Evaporation in lakes Alexandrina and 
Albert will concentrate salinity and reduce flow over the barrages. Average 
evaporation at typical lake levels is about 800 GL/y. Therefore, taking into 
account this evaporation loss within the Lower Lakes, a minimum 10-year 
rolling average barrage flows of about 3,200 GL/y is required.
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An open Murray Mouth is important to allow export of salt and nutrients 
from the Basin. As previously stated, a specific target has not been set for 
Murray Mouth opening. It is expected that the flow regime specified to 
meet targets for The Coorong, Lower Lakes and Murray Mouth hydrologic 
indicator site will be sufficient to maintain an open Murray Mouth for a high 
proportion of time, and thus allow salt and nutrient export to the Southern 
Ocean by natural processes.

Target 3: provide a variable lake level regime to support a healthy 
and diverse riparian vegetation community and avoid acidification

Water levels and water level variability in lakes Alexandrina and Albert are a 
primary determinant of the ecological character of the lakes and associated 
fringing riparian vegetation, with particular influence on the extent and 
patterns of submerged and emergent aquatic plants (Phillips & Muller 
2006). Water levels in the lakes were naturally variable, and variable water 
levels promote diverse and healthy aquatic and riparian plant communities. 
Historically the barrages have been operated to maintain lake levels mostly 
between about 0.6 and 0.8 m (AHD), which is considered to be less variable 
than under without-development conditions.

Experience from the recent and continuing drought has highlighted the 
significant risk of acid sulfate soils, which contain iron sulfide minerals, 
resulting from low lake levels. Exposure of the soils to oxygen can lead to the 
formation of sulfuric acid and the release of contaminants. This process can 
create very low pH, contaminate soil and water and lead to the deoxygenation 
of water bodies. It is a significant issue for ecology, consumptive use of 
water and public health (Fitzpatrick et al. 2008a). An estimated 85% of 
the sediments of the Lower Lakes have the ability to generate acid upon 
air exposure with the severity depending on soil type (SA Department of 
Environment and Heritage 2010). The most severe examples of acid sulfate 
soils are found in the clay-rich sediments in the middle of Lakes Alexandrina 
and Albert (SA Department of Environment and Heritage 2010).

Considerable efforts to assess the risk of acid sulfate soil in the Lower Lakes 
have identified acidification trigger levels and indicate that water levels of 
–0.75 m AHD in Lake Albert and –1.75 m AHD in lake Alexandrina are the 
levels below which broadscale acidification is likely to occur (SA Department 
of Environment and Heritage 2010). Localised acid sulfate soil hot spots are 
likely to exist above these trigger levels, which could have significant adverse 
impacts i.e. between 0 m and –0.75 m AHD in Lake Albert, and 0 m and 
–1.75 m AHD in Lake Alexandrina (SA Department of Environment and 
Heritage 2010).

Lake levels are determined by inflows from the River Murray and other 
tributaries, as well as barrage operations. Provision of barrage flows required 
to achieve Coorong and salt export targets will necessitate lake levels at or 
above sea level, except perhaps for short periods during severe drought. It is 
therefore considered that lake levels are not a primary driver for determining 
environmental water requirements. Determining an appropriate lake level 
regime should be undertaken through state or local planning processes, where 
the breadth of relevant issues can be better assessed. An indicative, average 
lake level range is provided in Figure B16.7. Modelling of environmental 
water requirements will assess lake levels against this indicative lake level 
range to test the assertion that lake levels are not a primary determinant of 
environmental water requirements.
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Figure B16.7  Proposed indicative average water level range: lakes Alexandrina and Albert
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Table B16.4  Environmental water requirements: The Coorong, Lower Lakes and Murray Mouth

Environmental target Required characteristics Environmental water requirements

Achievement of 
target without 
development

Achievement of 
target current 
arrangements

Maintain a range of healthy 
estuarine, marine and 
hypersaline conditions in The 
Coorong, including healthy 
populations of keystone species 
such as R. tuberosa in South 
Lagoon and R. megacarpa in 
North Lagoon

South Lagoon salinity

• average long-term salinity 
<60 g/L

• maximum salinity <100 g/L in 
95% of years

• maximum salinity <130 g/L in 
100% of years

Barrage flow

• long-term average at least 5,100 GL/y
• rolling 3-year average >2,000 GL/y in 

95% of years
• rolling 3-year average >1,000 GL/y in 

100% of years
• maintain at least proportion of years 

with high flows (5,100–10,000 GL/y) 
experienced under current 
arrangements

12,500 GL/y

100% of years

100% of years

Flows >5,100 GL/y: 
89% of years

5,100 GL/y

79% of years

92% of years

Flows >5,100 
GL/y: 38% of years

North Lagoon salinity

• average annual salinity 
<20 g/L in a proportion of 
years

• maximum salinity <50 g/L

Same as above Same as above Same as above

Provide sufficient flows to enable 
export of salt and nutrients 
from the Basin through an open 
Murray Mouth

Salt export

• 2 million tonnes per year
Water quality target

• salinity <500 mg/L at Tailem 
Bend

Barrage flow

• rolling 10-year average >3,200 GL/y 100% of years 79% of years

Provide a variable lake level 
regime to support a healthy 
and diverse riparian vegetation 
community and avoid acidification

Indicative average lake water 
levels in Figure B16.7

Lakes Albert and Alexandrina 
water levels >0 m AHD

None additional to those above. Modelling 
will test the assertion that delivery of above 
flows will provide appropriate lake levels.

N/A N/A
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Risks

Flows required to achieve salinity targets
While figures B16.2 and B16.3 show relationships between barrage flow and 
salinity, there is some spread in the data and therefore uncertainty in the 
recommended flows to achieve the salinity targets. There is also evidence to 
suggest that large barrage flows are required to overcome gradual increases in 
Coorong salinity during extended dry periods. This gradual increase may not 
be prevented through provision of minimum barrage flows alone. 

Accordingly, environmental water requirements specified for The Coorong, 
Lower Lakes and Murray Mouth should be interpreted as a minimum 
requirement and any increase in long-term average flow and high flows 
that may be required for other key environmental assets and key ecosystem 
functions across the Basin would increase confidence of achieving Coorong, 
Lower Lakes and Murray Mouth ecological objectives and targets. In 
addition, to manage these uncertainties, salinity outputs from the hydrologic 
modelling will be assessed against the recommended salinity targets. 
Refinements can then be made if required.

Condition of the asset and impact on targets
The condition of The Coorong, Lake Alexandrina and Lake Albert Ramsar 
site has declined significantly since listing in 1985, mainly due to a lack of 
freshwater (reduced inflows to the Lower Lakes and reduced discharge to 
The Coorong through the barrages). A formal detailed assessment against the 
Ramsar listing criteria has not occurred, but despite the decline, it is likely 
that the site will continue to meet many, if not all, of the criteria for which it 
was listed (SA Department of Environment and Heritage 2010).

Lester and Fairweather (2009) identified that the current mix of degraded 
ecosystem states in The Coorong is unusual, even under modelled climate 
change conditions, and is likely to continue to be characterised by infrequent 
anomalies. This provides some optimism for the future under the proposed 
Basin Plan. Avoiding irreparable damage in the short term remains a 
significant challenge. In the longer term, recovery of The Coorong ecosystem 
is needed to build resilience to cope with future droughts and water use in the 
Basin (Lester & Fairweather 2009).

The SA Department for Environmental and Heritage has developed a 
long-term plan for the site (2010). In addition to increasing freshwater 
flows, the department’s plan recommends a range of management actions 
such as habitat restoration and translocation of Ruppia species. In addition 
to increasing flows to the site, actions such as these will be important in 
rehabilitating its condition.
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Table B16.5  Species relevant to criteria 1 and 4: The Coorong, Lower Lakes and Murray Mouth

Species

Recognised in 
international 

agreement(s)1

Environmental 
Protection and 

Biodiversity 
Conservation Act 

1999 (Cwlth)

National Parks and 
Wildlife Act 1972 

(SA)2

Fisheries 
Management Act 

2007 (SA)

Amphibians and reptiles

Brown toadlet (Pseudophryne bibronii)7 R

Southern bell frog (Litoria raniformis)3, 7 V V

Heath goanna (Varanus rosenbergi)7 V

Marbled toadlet (P. semimarmorata)7 V

Birds

Australasian bittern (Botaurus poiciloptilus)3, 7 V

Australasian shoveler (Anas rhynchotis)7 R

Australian bustard (Ardeotis australis)7 V

Banded stilt (Cladorhynchus leucocephalus)7 V

Bar-tailed godwit (Limosa lapponica)3, 7  R

Beautiful firetail (Stagonopleura bella)7 R

Black-tailed godwit (Limosa limosa)3, 7  R

Blue bonnet (Northiella haematogaster)7 ssp

Blue-billed duck (Oxyura australis)7 R

Blue-winged parrot (Neophema chrysostoma)7 V

Brown quail (Coturnix ypsilophora)7 V

Bush stone-curlew (Burhinus grallarius)7 R

Cape Barren goose (Cereopsis novaehollandiae)3, 7 R

Caspain tern (Sterna caspia)3 

Cattle egret (Ardea ibis)7 R

Common greenshank (Tringa nebularia)3 

Common sandpiper (Tringa hypoleucos)3, 7  R

Common tern (Sterna hirundo)7 R

Curlew sandpiper (Calidris ferruginea)3 

Darter (Anhinga novaehollandiae)7 R

Diamond firetail (Stagonopleura guttata)7 V

Eastern curlew (Numenius madagascariensis)3, 7  V

Eastern great egret (Ardea alba)3 

Eastern reef egret (Egretta sacra)7 R

Elegant parrot (Neophema elegans)7 R

Fairy tern (Sterna nereis)3, 7 E

Flame robin (Petroica phoenicea)7 V

Flesh-footed shearwater (Ardenna carneipes)7 R

Freckled duck (Stictonetta naevosa)7 V

Glossy ibis (Plegadis falcinellus)3, 7  R

Great crested grebe (Podiceps cristatus)3, 7 R

… continued
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Table B16.5  Species relevant to criteria 1 and 4: The Coorong, Lower Lakes and Murray Mouth

Species

Recognised in 
international 

agreement(s)1

Environmental 
Protection and 

Biodiversity 
Conservation Act 

1999 (Cwlth)

National Parks and 
Wildlife Act 1972 

(SA)2

Fisheries 
Management Act 

2007 (SA)

Great knot (Calidris tenuirostris)3, 7  R

Greater sand plover (Charadrius leschenaultii)7 R

Grey currawong (Strepera versicolor)7 ssp

Grey falcon (Falco hypoleucos)7 R

Grey plover (Pluvialis squatarola)3 

Grey-tailed tattler (Tringa brevipes)3, 7  R

Hooded plover (Thinornis rubricollis)3, 7 V

Intermediate egret (Ardea intermedia)7 R

Jacky winter (Microeca fascinans)7 ssp

Latham’s snipe (Gallinago hardwickii)3, 7  R

Lesser sand plover (Charadrius mongolus)7 R

Lewin’s rail (Rallus pectorallis)3, 7 V

Little egret (Egretta garzetta)7 R

Little tern (Sternula albifrons)3, 7  E

Long-toed stint (Calidris subminuta)7 R

Malleefowl (Leipoa ocellata)7 V

Marsh sandpiper (Tringa stagnatilis)3 

Mount Lofty Ranges southern emu-wren (Stipiturus malachurus 
intermedius)3 E

Musk duck (Biziura lobata)3, 7 R

Orange-bellied parrot (Neophema chrysogaster)3, 7 E

Oriental reed-warbler (Acrocephalus orientalis)3 

Pacific golden plover (Pluvialis fulva)3, 7  R

Painted button-quail (Turnix varius)7 R

Pectoral sandpiper (Calidris melanotos)3, 7  R

Peregrine falcon (Falco peregrinus)7 R

Pied oystercatcher (Haematopus longirostris)7 R

Purple-gaped honeyeater (Lichenostomus cratitius)7 ssp

Red knot (Calidris tenuirostris)3 

Red-necked phalarope (Phalaropus lobatus)3 

Red-necked stint (Calidris ruficollis)3 

Restless flycatcher (Myiagra inquieta)7 R

Rock parrot (Neophema petrophila)7 R

Ruddy turnstone (Arenaria interpres)3, 7  R

Ruff (Philomachus pugnax)3, 7  R

Rufous bristlebird (Dasyornis broadbenti)7 ssp

Sanderling (Calidris alba)3, 7  R

Scarlet robin (Petroica boodang)7 ssp
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Table B16.5  Species relevant to criteria 1 and 4: The Coorong, Lower Lakes and Murray Mouth

Species

Recognised in 
international 

agreement(s)1

Environmental 
Protection and 

Biodiversity 
Conservation Act 

1999 (Cwlth)

National Parks and 
Wildlife Act 1972 

(SA)2

Fisheries 
Management Act 

2007 (SA)

Sharp-tailed sandpiper (Calidris acuminata)3 

Shy heathwren (shy hylacola) (Calamanthus cautus)7 R

Sooty oystercatcher (Haematopus fuliginosus)7 R

Southern emu-wren (south east ssp) (Stipiturus malachurus 
polionotum)7 R

Spotless crake (Porzana tabuensis)7 R

Terek sandpiper (Xenus cinereus)3, 7  R

Wandering tattler (Tringa incana)3 

Whimbrel (Numenius phaeopus)7 R

White-bellied sea-eagle (Haliaeetus leucogaster)7 E

Wood sandpiper (Tringa glareola)7 R

Yellow chat (Epthianura crocea)7 E

Yellow-tailed black-cockatoo (Calyptorhynchus funereus)7 V

Fish

Congolli (Pseudaphritis urvillii)3, 5, 6 VU

Estuary perch (Macquaria colonorum)3, 6 EN

Murray cod (Maccullochella peelii peelii)3, 5, 6 V EN

Murray hardyhead (Craterocephalus fluviatilis)3, 5, 6 V CE

Barred galaxias (Galaxias fuscus)5, 6 E

Short-headed lamprey (Mordacia mordax)6 EN

Southern pygmy perch (Nannoperca australis)3, 6 EN P

Yarra pygmy perch (Nannoperca obscura)3, 5, 6 V CE P

Mammals

Swamp rat (Rattus lutreolus)7 R

Common wombat (Vombatus ursinus)7 R

Yellow-bellied sheathtail bat (Saccolaimus flaviventris)7 R

Plants

Atriplex australasica7 R

Austrostipa tenuifolia7 R

Blunt greenhood (Pterostylis curta)7 R

Coloured spider-orchid (Caladenia colorata)7 E

Creeping boobialla (Myoporum parvifolium)7 R

Dune fanflower (Scaevola calendulacea)3, 7 V V

Dune helmet-orchid (Corybas expansus)7 V

Fat-leaved wattle (Acacia pinguifolio)4, 7 E

Hornwort (Ceratophyllum demersum)7 R

Kangaroo Island pomaderris (Pomaderris halmaturina 
halmaturina)7 V
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Table B16.5  Species relevant to criteria 1 and 4: The Coorong, Lower Lakes and Murray Mouth

Species

Recognised in 
international 

agreement(s)1

Environmental 
Protection and 

Biodiversity 
Conservation Act 

1999 (Cwlth)

National Parks and 
Wildlife Act 1972 

(SA)2

Fisheries 
Management Act 

2007 (SA)

Leafy twig-rush (Cladium procerum)7 R

Little dip spider-orchid (Caladenia richardsiorum)7 E

Mallee bitter-pea (Daviesia benthamii humilis)7 R

Metallic sun-orchid (Thelymitra epipactoides)3, 7 E E

Narrow-leaf wax-flower (Philotheca angustifolia angustifolia)7 R

Native broom (Viminaria juncea)7 R

Osborn’s eyebright (Euphrosio collina osbornii)4 E

Pink gum (Eucalyptus fasciculosa)7 R

Resin wattle (Acacia rhetinocarpa)7 V

Ruddy ground-fern (Hypolepis rugosula)7 R

Sandhill greenhood (Pterostylis arenicola)3, 7 V V

Scaly poa (Poa fax)7 R

Scarlet grevillea (Grevillea treueriana)3 V V

Silver daisy-bush (Olearia pannosa ssp. pannosa)3, 7 V V

Sticky daisy-bush (Olearia passerinoides glutescens)7 R

Tall blown-grass (Lachnagrostis robusta)7 R

Velvet daisy-bush (Olearia pannosa cardiophylla)7 R

White correa (Correa alba var. pannosa)7 R

White purslane (Neopaxia australasica)7 R

Yellow swainson-pea (Swainsona pyrophila)3 V R

Communities

Gahnia sedgeland ecosystem3

Swamps of the Fleurieu Peninsula3

CE = critically endangered   E = endangered   P = protected   R = rare   SSP = threatened at the sub-specific level 2   V = vulnerable
1 Japan–Australia Migratory Bird Agreement, China–Australia Migratory Bird Agreement, or Republic of Korea – Australia Migratory Bird Agreement
2 ssp = Threatened status applies at the subspecific level. The Biological Databases of South Australian records are at species level; for completeness these records 

are retained but expert interpretation is required for this record to resolve subspecific taxonomy.
3 Phillips and Muller (2006)
4 SA Department of Water, Land and Biodiversity Conservation (2009a)
5 Wedderburn and Hammer (2003)
6 SA Department of Environment and Heritage (n.d.)
7 SA Department of Environment and Heritage (2009)
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