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Condamine–Balonne region
Lower Balonne River Floodplain System
The Lower Balonne River Floodplain System hydrologic indicator site covers 
approximately 19,880 km2 (Simms & Thoms 2002). It is a distributary river 
network that extends from St George in Queensland to the Barwon River 
in northern New South Wales, and includes the channels, waterholes and 
floodplains of (from west to east) the Culgoa, Birrie, Ballandool, Bokhara 
and Narran rivers (Figure B2.1). Approximately 30% (357,000 ha) of the 
system is in Queensland and 70% (1,631,000 ha) in New South Wales 
(McCosker 1996). 

The Murray–Darling Basin Authority (MDBA) has used the wetlands 
geographic information systems of the Murray–Darling Basin series 2.0 
(Kingsford, Thomas & Knowles 1999) to define the lateral and longitudinal 
extents of the asset. The downstream extent was cut to the Barwon River, 
while data from A directory of important wetlands in Australia (Department of 
the Environment, Water, Heritage and the Arts 2001) was used to determine 
the upstream extent of the asset at Jack Taylor Weir at St George. The Narran 
River floodplain was not included in the extent of this asset and is considered 
a hydrologic indicator site in its own right (see ‘Narran Lakes’ in this 
appendix). Spatial data used in this map is listed in Table B1.3.

Land use on the Lower Balonne River Floodplain System is predominantly 
agricultural grazing and both dryland and irrigated cropping. There are 
two national parks on the lower Balonne floodplain: the 22,430 ha Culgoa 
National Park, managed by NSW National Parks and Wildlife Service, and 
the adjoining 42,800 ha Culgoa Floodplain National Park, managed by 
Queensland National Parks and Wildlife Service (CSIRO 2008a).

The Narran Lakes is the terminal wetland system at the end of the Narran 
River, which is located on the eastern extent of the Lower Balonne River 
Floodplain System.

Values 
Less is known about the ecology of the Lower Balonne River Floodplain 
System than that of the Narran Lakes. The latter meets all five criteria for a 
key environmental asset and, given the similarities and proximity between the 
two assets, it is likely that the Lower Balonne River Floodplain System asset 
achieves more criteria than the three set out in Table B2.1.
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Figure B2.1 Location and extent of hydrologic indicator site: Lower Balonne River Floodplain System
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Table B2.1  MDBA key environmental assets criteria: Lower Balonne River Floodplain System

Criterion Explanation

2. Natural or near-natural, rare or unique

The Lower Balonne River Floodplain System is a unique water-dependent ecosystem, as the floodplains 
of the Culgoa, Birrie, Bokhara and Narran rivers support the largest area of native grasslands in New 
South Wales (Dick 1993). It is also unique as the coolibah (Eucalyptus coolabah) woodlands in the Lower 
Balonne are some of the most extensive and contiguous communities remaining  
(Whittington et al. 2002).

The floodplains could be considered near-natural as they have only 8.5% exotic vegetation, one of the 
lowest records of introduced species in the Murray–Darling Basin (Dick 1993).

The Lower Balonne River floodplain wetland complex is a unique water-dependent ecosystem as the 
region supports the largest number of wetlands greater than 5 ha in size within the Murray–Darling Basin. 
More than 3,400 wetlands have been identified within this complex, the majority of which are freshwater 
wetlands associated with floodplain areas (53%). This floodplain ecosystem is sustained by water, 
sediments and nutrients from the upstream Condamine–Balonne catchment, which comprises 14% of 
the Murray–Darling Basin (Rayburg & Thoms 2008).

3. Provides vital habitat

The natural drainage system of the lower Balonne provides diverse habitat for fauna. Fauna present in 
the Lower Balonne floodplain is included within the Lowland Darling River aquatic ecological community, 
which is considered threatened under the Fisheries Management Act 1994 (NSW), as listed in 
Table B2.4. The habitat preferences of the endangered aquatic species found within the Lower Balonne 
River Floodplain System have been summarised by Smith et al. (2006).

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

The Lower Balonne River Floodplain System meets this criterion because it supports species listed as 
threatened under state or federal legislation. For a full list of relevant species that have been recorded, 
see Table B2.4. 

Hydrology
The Lower Balonne is a complex floodplain channel system that is heavily 
dissected by well-defined channels of various sizes. During flood events these 
channels carry a significant proportion of the ‘overland’ flow (Thoms et al. 
2002). The Balonne River enters the floodplain downstream of E.J. Beardmore 
Dam, flowing through St George and over Jack Taylor Weir. It then travels 
more than 70 km before splitting into the Culgoa and Balonne Minor rivers 
at the so-called ‘first bifurcation’. Downstream, the Balonne Minor River 
subdivides further to form four identifiable streams — the Narran, Bokhara, 
Ballandool and Birrie rivers. 

The hydraulics of the Lower Balonne resembles that of a delta, with flows of 
up to 30,000 ML/d dispersing into many small flood channels. At higher 
flows, water spreads out over the floodplain, and a significant portion does 
not return to the river as a result of evaporation and infiltration into the soil. 
Consequently, under without-development conditions, the flow crossing the 
Queensland – New South Wales border is lower than the flow recorded at 
St George. The median annual flow at St George is 1,300 GL, but flows are 
highly variable. The maximum annual recorded flow of 8,000 GL occurred 
in 1954–55, but extended periods of no-flow occur during droughts. The 
record period of no-flow exceeds 600 consecutive days (NSW Western 
Catchment Authority 2006).

Flood events occur mainly in summer and autumn and are generally small or 
minor floods that stay within-channel. Floodwaters received in the Balonne 
River result from rainfall in the northern part of the Condamine–Balonne 
catchment (NSW National Parks and Wildlife Service 2003). Flood frequency 
is highly variable, occurring anywhere between several times a year to once 
every five years. The depth of the floodwater varies from a few centimetres 
to 10 metres and inundation of the floodplain can last for up to four months 
(Smith et al. 2006). During floods, large amounts of sediment are trapped or 
deposited onto the floodplain (Smith et al. 2006). The main river channels 
in the Lower Balonne system are very unstable, so that small changes to the 
flow can result in significant changes in channel morphology (Smith et al. 
2006). Sediment movement has increased with the increase in management 
infrastructures in the upper catchment (Cullen, Marchant & Mein 2003).
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The Lower Balonne River Floodplain System has been grazed since the 1840s 
(Sims et al. 1999), predominantly by cattle and sheep. A recent change to 
irrigated agriculture over the past 20 years or so represents a significant shift 
in land-use practice and use of water resources (Thoms et al. 2002). The major 
irrigated crop is cotton, with cropped area increasing significantly since 1988. 
Associated with this expansion in the cotton industry has been the expansion 
of private water storages on the floodplain over the same period.

The catchment of the Lower Balonne has become progressively modified 
for agricultural and domestic purposes. This regulation has reduced the 
frequency and duration of flows entering the Lower Balonne River Floodplain 
System by about 30% measured at St George, (Thoms 2003). Unlike many 
of the regulated catchments in the Basin, the proportion of water that can be 
stored in large public storages is relatively low compared to the water that can 
be stored in on-farm private storages. 

On-farm private storages constitute more than 90% of the total storage 
capacity within the Condamine–Balonne catchment (CSIRO 2008b), with 
75% of the irrigation water used in the region sourced from surface-water 
diversions into these private storages (CSIRO 2008a). Downstream from St 
George are about 1,200 GL-worth of private storages, with 13 weirs along 
the Condamine–Culgoa system in Queensland. As a result, natural flows 
have been significantly modified (NSW National Parks and Wildlife Service 
2003).

Environmental objectives and targets
The proposed environmental objectives outlined in Table B2.2 have been 
determined for the Lower Balonne River Floodplain System using the key 
environmental 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. 

Table B2.2 Environmental objectives and targets: Lower Balonne River Floodplain System

Objectives Justification of targets Target

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

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/or 
communities (Criterion 4)

Protecting the water-dependent ecosystems as per 
Objective 1 and their vital habitat (Objective 2) requires 
retaining the current state of the wetlands and the 
surrounding vegetation. Meeting these objectives will 
also achieve Objective 3. 

Vital habitat within the Lower Balonne is viewed as 
in-channel waterholes and billabongs that act as 
refugia during drought. The use of drought refugia by 
aquatic organisms is often the key to the survival of 
population stocks and strongly influences the capacity 
of populations to recover when the drought breaks and 
connectivity is restored (Lake 2003).

The vegetation on the Lower Balonne River Floodplain 
System provides breeding, feeding and nursery sites, 
migration pathways and refuges for waterbird and fish 
species, including the endangered species endemic 
to the area. 

Maintain current extent of coolibah (Eucalyptus 
coolabah) communities in good condition

Maintain current extent of grassland 
communities in good condition

Maintain current extent of black box 
(Eucalyptus largiflorens) communities in 
good condition

Maintain current extent of river red gum 
(Eucalyptus camaldulensis) communities in 
good condition

Maintain current extent of lignum 
(Muehlenbeckia florentula) communities in 
good condition

Maintain vital habitat for endangered fish and 
invertebrate species in the channels of the 
Lower Balonne River Floodplain System
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Environmental water requirements
The environmental water requirements described here are aimed at 
maintaining the current extent of flood-dependent vegetation communities in 
good condition and also at maintaining vital habitat for endangered aquatic 
animal species. These requirements have been determined from a synthesis of 
current literature and analysis of modelled flow data by MDBA. 

Nature of the flow hydrograph at St George
Flows in the Lower Balonne system are highly variable (Sheldon et al. 2000). 
Compared to catchments in the southern Murray–Darling Basin, floods in 
the Condamine–Balonne are typically flashy, with relatively high magnitudes 
and short durations. The historical flow record suggests that multiple flood 
events have been common over a yearly time frame (Figure B2.2). The 
occurrence of multiple events of a similar threshold in close proximity 
are important in this system for extending the duration of floodplain 
inundation, something to which the flora and fauna of these systems have 
adapted (Roberts & Marston 2000). For this reason, the frequency of the 
environmental water requirements is expressed as the total number of flow 
events, rather than the percentage of years a flow event occurred in the Lower 
Balonne River Floodplain System.

Environmental water requirements to maintain 
critical habitat
The high variability of flows in the Lower Balonne system means that the 
system experiences long periods of low-to-no flow. For aquatic animal 
populations, this places greater emphasis on sections of the channel capable 
of holding water for extended periods. These pools act as vital habitat during 
times of low-flow, with many species of fish and invertebrates persisting in 
these areas until larger flows occur, reconnecting the landscape (Balcombe et 
al. 2006; Bunn et al. 2006). 

A survey conducted in November 2007 by Webb (2009), following a 
44-month period of low to no flows, identified 22 substantial refugia 
waterholes in the Lower Balonne system. Twelve of these were located on the 
Culgoa River, three on the Bokhara (behind low-level weirs) and five on the 
Narran River (Figure B2.3) (Webb 2009).

Several flows were selected to maintain critical habitat in the Lower Balonne 
River Floodplain System, including a smaller flow to ensure connection along 
the main flow paths, and a larger bankfull flow to provide connectivity to all 
river channels in the area.

To determine the flows required to maintain these critical refugia waterholes 
within the main river channels, modelled flows were compared between 
the St George gauge on the Balonne River, the gauge upstream of Collerina 
at the lower end of the Culgoa River, and the Wilby Wilby gauge on the 
Narran River. 

Analysis of flows from these gauges suggests that flows of around 5,000 ML/d 
for seven days at St George would ensure flows of at least 2,000 ML/d would 
reach the end of the Culgoa River. Flows would also reach the lower sections 
of the Narran River, which would connect all the vital waterholes along 
the length of these rivers. It was assumed that a flow of this magnitude at 
St George would also connect waterholes along the Bokhara River.
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Figure B2.2   Highly variable flows through St George gauge, Balonne River 1938–40: Lower Balonne River 
Floodplain System
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Figure B2.3  Substantial refugia waterholes: Lower Balonne River Floodplain System
Source: Webb (2009)
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Recognition should be given to an existing arrangement under which the 
state authority releases flows from E.J. Beardmore Dam at St George down 
the lower Balonne system to maintain waterholes for stock and domestic 
purposes. A flow threshold of 830 ML/d is used to keep flows within-channel, 
minimising losses, and a total volume of around 30,000 ML/d is required 
to flow water all the way through to the Barwon–Darling River at this flow 
threshold (P Harding 2010, pers. comm., 14 July).

Importantly, in the context of the proposed Basin Plan, the total volume of 
this stock and domestic flow is similar to the flow suggested in this document 
to maintain these critical habitats. The precise delivery pattern to maintain 
these critical refugia waterholes is best determined by local environmental 
water planning.

To connect most of the main channels within the Lower Balonne River 
Floodplain System, including Birrie River and a number of secondary 
channels, a flow of 26,000 ML/d is required (Sims 2004). A flow of this 
magnitude would also inundate riparian river red gum and coolibah forests 
adjacent to these channels (Figure B2.4).

Environmental water requirements to maintain 
vegetation communities
The flow thresholds adopted to maintain vegetation communities within the 
Lower Balonne River Floodplain System were based on information presented 
by Whittington et al. (2002), Sims and Thoms (2002) and Sims (2004).

Using 13 satellite images captured between September 1989 and April 1999, 
Sims (2004) developed a flow threshold/vegetation inundation relationship 
for the Queensland portion of the Lower Balonne River Floodplain System. 
This involved analysing the images and identifying different vegetation 
communities across the floodplain. The peak flow experienced 14 days before 
image capture was then used to indicate the flood magnitudes required 
to inundate different areas of each vegetation community. The resultant 
relationships (Figure B2.4) were used to identify important flow thresholds 
for these vegetation communities.

A flow threshold of 12,000 ML/d for seven days was selected to maintain 
river red gum forests growing close to the main river channels. In-channel 
flows such as these are considered to be important for maintaining the vigour 
of riparian river red gum trees in this system (M Thoms 2010, pers.  
comm., 7 July).

The flow threshold of 45,000 ML/d was selected to target the inundation of 
lignum communities (Figure B2.4). This is also the threshold where the three 
main flood-dependent vegetation communities (coolibah open woodland, 
lignum and riparian forests) have at least 50% of their total area wetted 
(Whittington et al. 2002).

The flow threshold of 70,000 ML/d was selected because a flow of this 
magnitude is required to inundate the majority of coolibah open forest. 
A threshold of 70,000 ML/d also encompasses an important transition in 
floodplain inundation where floodwaters emerge from the Culgoa River and 
travel across the floodplain to re-enter the Culgoa downstream, enabling a 
substantial exchange of material between the floodplain and its adjoining 
aquatic ecosystems (Sims 2004). Around this threshold is the point where 
inundation patterns go from being relatively disconnected into a more highly 
integrated network of patches (Sims 2004) where approximately 40% of the 
total floodplain is inundated (Whittington et al. 2002).
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Figure B2.4   Relationship between different flow thresholds and floodplain vegetation communities:  
Lower Balonne River Floodplain System

Source: Sims (2004)
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The largest flow threshold adopted for the Lower Balonne River Floodplain 
System was a flow of 120,000 ML/d for one day. At this threshold, around 
70% of the floodplain between St George and the New South Wales – 
Queensland border is inundated, with flows greater than this resulting 
in proportionally larger increases in flow depth rather than increases in 
floodplain area inundated (Whittington et al. 2002). Therefore, this flow 
provides a good compromise between the flood event magnitude and 
floodplain area inundated.

Frequency of suggested flows
While there is little scientific evidence to suggest that the changes to the flow 
regime have degraded the ecological communities of the Lower Balonne, 
it is highly likely that there is a lag time between modifications and any 
measurable ecological degradation (Cullen, Marchant & Mein 2003).

In setting the frequencies for each flow event, 80% and 60% of the 
total number of without-development events were adopted as high- and 
low-uncertainty benchmarks. This range was adopted by reviewing 
recommendations for other hydrologic indicator sites that have greater 
certainty in the relationship between inundation frequency and 
ecological response.

Indicative flows required to achieve the targets are set out in Table B2.3. 
Flows are described at the St George gauge, which is the closest upstream 
gauge from the Lower Balonne River Floodplain System (above the first 
bifurcation). Flows measured at this gauge are therefore relevant to the entire 
Lower Balonne River Floodplain System. 
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Table B2.3 Environmental flow requirements: Lower Balonne River floodplain

Target

Event
Number of events required 

to achieve target

Number of 
events under 

modelled 
without-

development 
conditions

Number of 
events under 

modelled 
current 

arrangements
Flow 
rule

Flow 
requirement 

(measured at St 
George)  (ML/d)

Duration 
(days) Timing

Low 
uncertainty

High 
uncertaintya

Maintain critical habitat for 
endangered fish and invertebrate 
species in the channels of 
the  Lower Balonne River 
Floodplain System 

Maintain current extent of 
river red gum communities in 
good condition

1 5,000 7 

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

188 140 234 159

2 12,000 7 128 96 160 115

3 26,000 7 72 54 90 63

Maintain current extent of lignum) 
communities in good condition

Maintain current extent of coolibah 
communities in good condition

Maintain current extent of 
grassland communities in 
good condition

Maintain current extent of black 
box communities in good condition

4 45,000 1 91 68 112 91

5 70,000 1 53 40 66 52

6 120,000 1 21 16 26 21

a  The suggested high uncertainty numbers for some events are lower than the number of times these events occur under current arrangements.  
See Frequency od suggested flows for further discussion.

When similar flows are considered at the Brenda gauge on the Culgoa River 
(located on the New South Wales – Queensland border), considerably fewer 
events occur under current arrangements than at St George. Most irrigation 
diversions occur along the Queensland portion of the Culgoa River (Smith  
et al. 2006), which means that the Brenda gauge captures their impact 
on flows to the Lower Balonne River Floodplain System. This makes it a 
better location to consider the proposed environmental water requirements 
compared to flows under current arrangements. Figure B2.5 compares the 
occurrence of the selected thresholds under modelled without-development 
and current arrangement scenarios for the Brenda gauge on the Culgoa River. 
High and low uncertainty frequencies are provided for context.
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Figure B2.5   Recommended environmental water requirements and the proportion of their occurrence 
under without-development flows and current arrangements, 1895–2009: Lower Balonne River 
Floodplain System

Note: measured at Brenda gauge on Culgoa River. Comparative flows at St George gauge are in parentheses.
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Risks
Several risks surround the setting and delivery of environmental water 
requirements for the Lower Balonne River Floodplain System.

Quality of information
MDBA has prescribed the environmental water requirements for the Lower 
Balonne River Floodplain System based on available information and analysis 
of flow data. As the Lower Balonne River Floodplain System is less studied 
than other sites in the Basin, its environmental water requirements have a 
higher degree of uncertainty compared to other hydrologic indicator sites.

Diversion of floodwaters
The significant irrigation development and associated abstraction potential in 
the northern sections of the Lower Balonne River Floodplain System create 
the risk that flows passing St George that are intended to meet environmental 
targets for the Lower Balonne River Floodplain System may be abstracted 
before they reach the southern parts of the floodplain. In addition, flows 
may potentially be routed through the floodplain using the many diversion 
structures present in such a way that key areas of the floodplain do not receive 
the intended flows. Planning and implementation of environmental watering 
must manage these risks. 
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Table B2.4  Species relevant to criteria 1 and 4: Lower Balonne River Floodplain System

Species

Environmental 
Protection and 

Biodiversity 
Conservation 

Act 1999 
(Cwlth)

Fisheries 
Management 

Act 2004 
(NSW)

Threatened 
Species 

Conservation 
Act 1995 

(NSW)

Amphibians and reptiles

Western blue-tongued lizard (Tiliqua occipitalis)3 V

Birds

Australasian bittern (Botaurus poiciloptilus)3 V

Australian bustard (Ardeotis australis)2 E

Barking owl (Ninox connivens)3 V

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

Blue-billed duck (Oxyura australis)1 V

Brolga (Grus rubicundus)1, 2 V

Brown treecreeper (Climacteris picumnus)3 V

Freckled duck (Stictonetta naevosa)1, 2 V

Grey falcon (Falco hypoleucos)2 V

Grey-crowned babbler (eastern subspecies) (Pomatostomus temporalis temporalis)3 V

Hall’s babbler (Pomatostomus halli)2 V

Hooded robin (Melanodryas cucullata)3 V

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

Painted honeyeater (Grantiella picta)2 V

Painted snipe (Rostratula australis)1 V E

Red-tailed black cockatoo (Calyptorhynchus banksii)2 V

Fish

Silver perch (Bidyanus bidyanus)1 V

Olive perchlet (Ambassis agassizii)1 E

Murray cod (Maccullochella peelii peelii)1 V

Purple spotted gudgeon (Mogurnda adspersa)1 E

Mammals

Inland forest bat (Vespadelus baverstocki)3 V

Koala (Phascolarctos cinereus)3 V

Little pied bat (Chalinolobus picatus)2 V

Sandy inland mouse (Pseudomys hermannsburgensis)2 V

Stripe-faced dunnart (Sminthopsis macroura)3 V

Yellow-bellied sheathtail bat (Saccolaimus flaviventris)3 V

Plants

Narrow-leafed bumble (Capparis loranthifolia var. loranthifolia)1, 2 E

Climbing caustic (Euphorbia sarcostemmoides)2 E

Desert cow-vine (Ipomoea diamantinensis)1 E

Winged peppercress (Lepidium monoplocoides)3 E E

Communities

Lowland Darling River aquatic ecological community1 E

Coolibah – black box woodland of the northern Riverine Plains in the Darling Riverine Plains and 
Brigalow Belt South bioregions1 E

Brigalow–gidgee woodland/shrubland in the Mulga lands and Darling Riverine Plains bioregion1 E

E = endangered   V= vulnerable
1 Smith et al. (2006)
2 NSW National Parks and Wildlife Service (2003)
3 NSW Department of Environment, Climate Change and Water (2009e)
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Narran Lakes
The Narran Lakes hydrologic indicator site is a large terminal wetland on the 
lower reaches of the Narran River between Brewarrina and Walgett in New 
South Wales (Figure B3.1). The Narran River is the eastern-most tributary 
of the Lower Balonne system. The Narran Lakes hydrologic indicator site 
includes portions of the Narran Lake Nature Reserve, a Ramsar-listed site. 
The Narran Lakes Nature Reserve meets several of the Ramsar criteria as it:

•	 is particularly valuable as a habitat for plants or animals at critical stages 
of their life cycles

•	 is a good example of a natural or near-natural wetland that is 
characteristic of the Darling Riverine Plains biogeographical region

•	 regularly supports 1% of the individuals in a population of one species or 
subspecies of waterfowl.

The Murray–Darling Basin Authority (MDBA) has used data from 
A directory of important wetlands in Australia (Department of the 
Environment, Water, Heritage and the Arts 2001) to determine the extent 
of the asset. This data was also used to define the extent of the Ramsar-listed 
portion of the Narran Lakes asset. Spatial data used to define the extent of 
this site is listed in Table B1.3.

Values
The Narran Lakes has been identified as a hydrologic indicator site in the 
Murray–Darling Basin by meeting all five of MDBA’s key environmental 
asset criteria (Table B3.1).

Hydrology
Downstream from St George, the Condamine–Balonne River divides into 
five separate channels. The Culgoa and Narran rivers are the main channels, 
conveying 35% and 28% of the long-term mean annual flow at St George 
respectively; while the Ballandool and Bokhara rivers and Birrie Creek flow 
only during higher discharge periods (Thoms et al. 2007).

The Narran Lakes hydrologic indicator site comprises four distinct structural 
features — a complex network of river channels (channelised floodplain), 
floodplain lakes, ephemeral wetlands and a broader floodplain surface.

There are four main lakes or water bodies, which are surrounded by a large 
floodplain area: Clear Lake, Back Lake, Long Arm (the northern lakes) and 
Narran Lake (to the south). The lakes fill one by one — first Clear Lake, then 
Back Lake and Long Arm, and then, if the event is sufficiently large, Narran 
Lake (Thoms et al. 2007).
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Figure B3.1  Location and extent of hydrologic indicator site: Narran Lakes
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Table B3.1  MDBA key environmental assets criteria: Narran Lakes

Criterion Explanation

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

The Narran Lakes hydrologic indicator site 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 Narran Lakes hydrologic indicator site includes portions of the Narran Lake Nature Reserve. For a 
full list of species recorded in the Narran Lakes that have been listed under Commonwealth legislation 
see Table B3.5.

2. Natural or near-natural, rare or unique

The Narran Lakes hydrologic indicator site is an example of a unique water-dependent ecosystem. 
It contains a considerable diversity of habitats, including some of the largest expanses of lignum 
(Muehlenbeckia florulenta) in New South Wales. The ecosystem’s geomorphology is significant as 
an excellent example of a relatively undisturbed terminal (or closed) lake system in New South Wales 
(Thoms et al. 2002). 

3. Provides vital habitat

The Narran Lakes hydrologic indicator site is recognised as one of the most important waterbird habitats 
in eastern Australia. The site is a significant floodplain wetland in the Lower Balonne region, and is 
identified as one of the nine significant refuges for biodiversity in arid and semi-arid New South Wales 
(Kingsford 1999).

Waterfowl considered to have a restricted breeding distribution in western New South Wales that breed 
in the Narran Lake Nature Reserve include the Australian pelican (Pelecanus conspicillatus), the great 
cormorant (Phalacrocorax carbo), the pied cormorant (P. varius), the darter (Anhinga melanogaster), 
the rufous night heron (Nycticorax caledonicus), the little egret (Ardea gazetta), the intermediate egret 
(A. intermedia), the great crested grebe (Podiceps cristatus), and the gull-billed tern (Sterna nilotica) 
(Smith 1993).

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

The Narran Lakes hydrologic indicator site meets this criterion as it supports species listed as threatened 
under Commonwealth or state legislation. For a full list of species that have been recorded, see 
Table B3.5.

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

The large numbers of black-winged stilts (Himantopus himantopus), red-necked avocets (Recurvirostra 
novaehollandiae), marsh sandpiper (Tringa stagnatilis), straw-necked ibis (Threskiornis spinicollis) and 
red-kneed dotterel (Erythrogonys cinctus) recorded in the Narran Lakes suggest that these wetlands may 
be of international importance for these species (NSW National Parks and Wildlife Service 1999).

The system of four major lakes interspersed with an extensive network of channels supports large 
numbers of breeding waterbirds; it hosted the country’s largest recorded ibis breeding event in 1983.  
The  lakes are one of the twelve most significant ibis breeding sites in Australia. Australia’s three species 
of ibis use the wetlands: the abundant Australian white ibis (T. molucca), the straw-necked ibis, and the 
glossy ibis (Plegadis falcinellus) (Thoms et al. 2007).

Thoms et al. (2007) documented that 65 species of waterbirds have been recorded in the Narran Lakes. 
Of these species, 46 breed in the system, 5 are listed under the Threatened Species Conservation Act 
1995 (NSW) and a further 8 are of conservation concern (Cullen, Marchant & Mein 2003).

Table B3.2  Surface area and volume of water features: Narran Lakes

Feature Surface area (km2) Storage volume (ML)

Narran Lake 122.9 122,876

Intervening storages 11.3 4,035

Clear Lake 5.4 4,476

Back Lake 1.3 861

Long Arm 1.5 0.6

Narran floodplains 135.7 13,573

Total 278.1 145,822
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When full, the main Narran Lake is about 2 m deep and Clear Lake 
approximately 1.5 m deep. The Narran Lakes hydrologic indicator site is 
about 278 km2 in area and holds some 146 GL of water when full (see 
Table B3.2). About half its area comprises the lakes while the rest (136 km2) 
is associated floodplain (Thoms et al. 2007).

Thoms et al. (2007) suggest that floodplains hold water for less than 
one month, while the lakes hold water for two to 15 months. If no top-up 
events occur as the floodwaters recede, Long Arm could typically expect to 
retain water for two months; Back Lake for three months; Clear Lake for 
six months and Narran Lake for 15 months (Thoms et al. 2007).

Being a terminal lake system, outflows from the northern lakes in the nature 
reserve occur only through drainage into Narran Lake and by evaporation 
and seepage (NSW National Parks and Wildlife Service 1999). The lakes 
within the Narran Lakes hydrologic indicator site have an average inundation 
frequency of one in two years and, as such, provide a more frequent waterbird 
habitat than other inland wetlands in New South Wales (Magrath 1991).

While flooding is also recorded in winter and spring, 85% of the flooding 
in the Narran Lakes occurs in summer and autumn (Smith 1993). Annual 
inflows to the Narran wetlands are highly variable and multiple flood 
events have occurred in a quarter of the years in which flood data have been 
recorded (NSW National Parks and Wildlife Service 1999).

Under simulated without-development conditions, Narran Lake filled to 
more than 86% of capacity on 37 occasions during the past 73 years, giving 
an average interval of two years for ‘successful bird-breeding flooding’ 
(Whittington et al. 2002). Narran Lake was also at least 86% full for 18% of 
the time under without-development conditions (Whittington et al. 2002). 
Under current arrangements, in the 33 years prior to 2007, Clear Lake and 
Narran Lake have filled with water from the Narran River 23 and 16 times 
respectively, while the intervening floodplains have only been inundated on 
six occasions (Thoms et al. 2007).

Analysis of the Narran River’s historical flow record shows that flows occur 
in almost 90% of all years on record. Medium-to-large floods have also been 
quite common historically, with more than two-thirds of all years recording 
50,000 ML or more of discharge. Flows at the Wilby Wilby gauge (closest to 
the Narran system) show a systematic reduction in medium-sized floods since 
1992 and an overall decrease in discharge when compared to the earlier part 
of the record (Thoms et al. 2007).

Environmental objectives and targets
Environmental objectives for the Narran Lakes hydrologic indicator site 
have been determined using the key environmental asset criteria. Targets to 
achieve these objectives have been specified for flood-dependent vegetation 
communities that are considered essential for supporting wetland processes 
and providing crucial habitat for identified flora and fauna species. The 
objectives and targets are outlined in Table B3.3.

It is assumed that all objectives will be fulfilled if the vegetation communities 
within the site are retained, and that this will provide conditions conducive to 
successful bird breeding.
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Table B3.3  Environmental objectives and targets: Narran Lakes

Objectives Justification of targets Target

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

Objective 1 will be fulfilled if conditions are 
provided that support migratory birds listed under 
relevant international agreements.

Provide conditions conducive to successful 
breeding of colonial nesting waterbirds

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)

Objectives 2–5 will be fulfilled if the current 
extent of vegetation communities is retained and 
conditions conducive to successful bird breeding 
are provided.

Maintain the current extent of lignum in good 
condition.

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

Maintain the current extent of coolibah (Eucalyptus 
coolabah) woodland in good condition.

a There is no current ecological character description for the Narran Lakes Nature Reserve Ramsar site. In lieu of this, it is assumed that maintaining the current extent of 
vegetation in good condition will retain the character of the flood-influenced area of the reserve and fulfil this objective.

Environmental water requirements
The environmental water requirements are aimed at keeping the current 
extent of flood-dependent vegetation in good condition and also providing 
conditions suitable for waterbird breeding. These requirements have been 
determined from a synthesis of current literature and MDBA analysis of 
modelled flow data, in addition to consultation with state government staff 
and research providers.

Nature of Narran River flows
Similar to those of other rivers in the lower Condamine–Balonne system, 
flows down the Narran River are naturally highly variable (Sheldon et al. 
2000). Floods are typically flashy, with relatively high magnitudes and 
short durations, interspersed by periods of little to no flow (Figure B3.2). 
The occurrence of multiple flow events of a similar threshold in close 
proximity are important for extending the duration of floodplain and lake 
inundation, something to which the flora and fauna of these systems has 
become adapted (Roberts & Marston 2000). For this reason, the frequency 
of the environmental water requirements for the Narran Lakes hydrologic 
indicator site was expressed as the total number of flow events, rather than the 
percentage of years a flow event occurred.
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Figure B3.2  Highly variable flows through Wilby Wilby gauge, Narran River: Narran Lakes
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Environmental water requirements to maintain 
vegetation communities
The Narran Lakes hydrologic indicator site is dominated by communities of 
red river gum (Eucalyptus camaldulensis), lignum (Muehlenbeckia florulenta), 
coolibah (E. coolabah) and river cooba (Acacia stenophylla) (Thoms et al. 
2007). The lignum communities are the largest expanses of this species in 
New South Wales (Aldis 1987).

The vegetation in the Narran Lakes is stressed. Thoms et al. (2007) observed 
a high mortality of trees among all common species: 54% of all river red 
gum, 45% of all river cooba and 38% of all coolibah surveyed was classed as 
dead, with no leaves present.

At the time of writing, information linking flow thresholds or volumes to the 
inundation of specific vegetation communities does not exist for the Narran 
Lakes. Therefore, environmental water requirements were not directly linked 
to individual vegetation communities, but focused on wetting each major 
component of the ecosystem. This also limits the potential to restore all of the 
existing extent of these vegetation communities to ‘good’ condition.

The complex geomorphic nature of the Narran Lakes ecosystem means that 
the pattern of inundation as river flows increase is also complex, and may 
differ over time (Thoms et al. 2007). This is a result of different areas of the 
ecosystem holding water for different lengths of time. Therefore, the total area 
of the ecosystem which becomes inundated is not just a result of the amount 
of water in a single flow event, but of the volume of flows entering within the 
past several years (Sims & Thoms 2003).

Similarly, the duration of inundation is important to ensure flood events 
are ecologically significant. For example, lignum needs flooding (ponded 
water) for at least three months to remain healthy (Roberts & Marston 
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2000). However, the floodplains at Narran hold water for less than one 
month (Thoms et al. 2007). Therefore, successive events are needed to top 
up the floodwater to sustain the lignum growing on the Narran floodplains. 
To ensure that multiple events may occur over a year, the number of flow 
events needed to achieve targets was nominated, rather than suggesting the 
proportion of years that a flow regime would be required (see Table B3.4).

Sims and Thoms (2003) analysed 11 satellite images captured between 1990 
and 2002 and linked the hydrologic conditions before image capture to the 
amount of inundation within each image. Inundation of different sections 
of the Narran Lakes could be linked to the flow regime at Wilby Wilby 
gauge on the Narran River. Findings from this report, in conjunction with 
results from the Narran Lakes hydrodynamic model described in Rayburg 
and Thoms (2009), were used as a basis for selecting environmental water 
requirements for the vegetation communities of the Narran Lakes.

Three flow-event volumes were selected to fulfil the vegetation targets: 25 GL 
to be delivered over two months, 50 GL to be delivered over three months 
and 250 GL to be delivered over six months (Table B3.4).

A volume of around 25 GL delivered over several months would inundate 
Narran’s northern lakes, filling Back Lake, and bringing Clear Lake up to 
about 80% capacity (Sims & Thoms 2003). This flow would inundate river 
red gum, coolibah and lignum communities in these areas and provide open 
water habitat for biota within Clear Lake.

A volume of 50 GL delivered over three months would significantly inundate 
the northern lakes and areas of the channelised floodplain covered in lignum 
further down the system (S Rayburg 2010, pers. comm., 30 June). A flow 
of this magnitude would also push water down the length of the system 
and into Narran Lake (Sims & Thoms 2003). This flow would contribute 
to maintaining the health of important rookery habitat in the northern 
lakes area and sustain lignum growing on the channelised floodplain. Water 
levels in Clear Lake would reach 1 m in depth and would remain for up to 
12 months (Thoms et al. 2007).

A volume of 250 GL delivered over six months would inundate most of the 
Narran Lakes ecosystem. A flow of this volume would inundate the broader 
floodplain (Sims & Thoms 2003) and also fill Narran Lake to about 60% 
capacity, depending on prevailing water levels before the event (S Rayburg 
2010, pers. comm., 30 June). Water may then stay in Narran Lake for up to 
18 months (Thoms et al. 2007). This event would sustain lignum, coolibah 
and grassland communities growing on the broader floodplain.

Environmental water requirements to provide conditions 
conducive to waterbird breeding
Between 1965 and 2004, 16 recorded waterbird breeding events occurred in 
the Narran Lakes ecosystem, equating to roughly one breeding event every 
2.5 years (Rayburg & Thoms 2008). Most of these breeding events occurred 
in clusters, with several years of consecutive breeding events followed by 
several years of no breeding (Figure B3.3). All breeding events occurred when 
all gauges along the Narran River — Dirrinbandi, New Angledool and Wilby 
Wilby — recorded annual flows in excess of 100,000 ML.

Therefore, 100 GL a year at the Wilby Wilby gauge, just upstream of the 
Narran Lakes ecosystem, represents a threshold for bird breeding in the 
system. All breeding events in the Narran Lakes wetlands occurred above 
this threshold, with only three instances of flows above this threshold where 
breeding events failed to occur. An exception to this occurred in 2008, when 
waterbird breeding occurred with a flow volume of less than 50 GL. This was 
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thought to have occurred because the waterbirds were an ageing population, 
the event was preceded by a lengthy period of extreme drought, and there was 
exceptional local rainfall which provided favourable floodplain conditions 
for foraging.

A flow of at least 100 GL over 12 months is stipulated to provide conditions 
conducive for successful breeding of colonial nesting waterbirds in the Narran 
Lakes. This reflects the observations of Rayburg and Thoms (2008) and is 
likely to represent a threshold for bird breeding in a long-term sense under 
normal climatic conditions.

Figure B3.3   Annual flow volumes for the three principal Narran River flow gauges and associated waterbird 
breeding events: Narran Lakes 

Source: Rayburg & Thoms (2008)

Frequency of suggested flows
Recent research undertaken at Narran Lakes indicates the health of 
vegetation communities has been reduced in response to declines in flow 
volume entering the wetland (Thoms et al. 2007). In addition, declines in 
waterbird numbers has been attributed to reductions to flow in the northern 
Murray–Darling Basin (Thoms et al. 2007).

In setting the frequencies for each flow event, 80% and 60% of the 
total number of ‘without-development’ events were adopted as high 
and low uncertainty benchmarks. This range was adopted by reviewing 
recommendations across all other hydrologic indicator sites, where greater 
certainty in the relationship between inundation frequency and ecological 
response exists.

Indicative flows required to achieve the targets are set out in Table B3.4. 
Flows are described at the Wilby Wilby gauge. A comparison of the high and 
low uncertainty frequencies with the frequencies that would have occurred 
under modelled without-development and current arrangements are presented 
in Figure B3.4.
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Figure B3.4   Recommended environmental water requirements and the proportion of their occurrence under 
modelled without-development flows and current arrangements, 1895–2009: Narran Lakes
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Table B3.4  Environmental water requirements: Narran Lakes

Target

Event

Number of events required to 
achieve target

Number of 
events under 

modelled 
without-

development 
conditions

Number of 
events under 

modelled 
current 

arrangementsFlow rule

Flow 
requirement 
(measured 

at Wilby 
Wilby) (GL)

Duration 
(days) Timing

Low 
uncertainty

High 
uncertainty

Maintain the current 
extent of lignum in good 
condition

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

Maintain the current extent 
of coolibah woodland in 
good condition

1 25 60

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

152 114 191 94

2 50 90 102 77 128 56

3 250 180 11 8 14 6

Provide conditions 
conducive to successful 
breeding of colonial 
nesting waterbirds

4 100 360 51 38 64 27

Risks
Due to a lack of understanding of vegetation community extent and 
inundation, flows have been targeted to inundate specific parts of the Narran 
Lakes hydrologic indicator site. There is a risk that the suggested flows will 
not meet vegetation targets.

Much of the Narran Lakes hydrologic indicator site is situated on private 
property. Therefore, there is a risk that land-management practices 
undertaken in these areas may modify vegetation communities, meaning that 
the stipulated vegetation targets may not be met.
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Table B3.5  Species relevant to criteria 1 and 4: Narran Lakes

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)

Birds

Australasian bittern (Botaurus poiciloptilus)2 V

Australian bustard (Ardeotis australis)2, 3 E

Barking owl (Ninox connivens)5 V

Bar-tailed godwit (Limosa lapponica)2, 3 

Black-breasted buzzard (Hamirostra melanosternon)5 V

Black-necked stork (Ephippiorhynchus asiaticus)5 E

Black-tailed godwit (Limosa limosa)3, 2  E

Blue-billed duck (Oxyura australis)3, 2 V

Brolga (Grus rubicundus)3, 2 V

Brown treecreeper (Climacteris picumnus)5 V

Bush stone-curlew (Burhinus grallarius)3 E

Caspian tern (Hydroprogne caspia)3 

Cattle egret (Ardea ibis)3 

Curlew sandpiper (Calidrus ferruginea)2, 3 

Diamond firetail (Stagonopleura guttata)5 V

Eastern great egret (Ardea modesta)3 

Freckled duck (Stictonetta naevosa)3, 2 V

Glossy ibis (Plegadis falcinellus)3 

Greenshank (Tringa nebularia)3 

Grey falcon (Falco hypoleucos)2, 3 V

Grey-crowned babbler (eastern subspecies) (Pomatostomus temporalis temporalis)5 V

Hooded robin (Melanodryas cucullata)5 V

Latham’s snipe (Gallinago hardwickii)3 

Magpie goose (Anseranas semipalmata)2, 3 V

Major Mitchell’s cockatoo (pink cockatoo) (Lophochroa leadbeateri)2, 5 V

Marsh sandpiper (Tringa stagnatilis)3 

Masked owl (Tyto novaehollandiae)2 V

Painted honeyeater (Grantiella picta)2, 3 V

Red-tailed black-cockatoo (Calyptorhynchus banksii)2, 3 V

Sharp-tailed sandpiper (Calidris acuminata)3 

White-bellied sea-eagle (Haliaeetus leucogaster)3 

Fish

Silver perch (Bidyanus bidyanus)4, 2 V

Mammals

Koala (Phascolarctos cinereus)2, 3 V

Kultarr (Antechinomys laniger)3 E

Little pied bat (Chalinolobus picatus)2 V

Stripe-faced dunnart (Sminthopsis macroura)2 V

Yellow-bellied sheathtail bat (Saccolaimus flaviventris)5 V

Plants

Winged peppercress (Lepidium monoplocoides)2, 5 E E

E = endangered   V= vulnerable
1 Japan–Australia Migratory Bird Agreement, China–Australia Migratory Bird Agreement, or Republic of Korea – Australia Migratory Bird Agreement
2 Thoms et al. (2002)   3  NSW National Parks and Wildlife Service (1999)   4  Rolls & Wilson (2008)   5  NSW Department of Environment, Climate Change and Water (2009e)


