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Summary 
Ecological assessments were undertaken in Zone F at seven localities, selected to represent the range of 
wetland types, water regimes and channel sections in Zone F.  The localities were Northern Anabranch 
Lakes, Southern Anabranch Lakes, Lower Darling Billabongs, Unregulated Menindee Lakes, Main Menindee 
Lakes, Lower Darling River and Anabranch Channel. Habitat condition indices for Current and Reference 
scenarios for both waterbirds and wetland vegetation were approximately half those observed for the Natural 
scenarios, probably reflecting a strong preference for frequent small floods (every 1 in 2-3 years), and the 
impact of regulation on these flows in the lower Darling River.  In contrast floodplain vegetation and fish 
habitat condition indices were less impacted by regulation. This result did not reflect loss of floodplain 
vegetation at Menindee due to permanent inundation. The greatest improvement from regulated conditions 
averaged across 108 years, for waterbirds (57%), floodplain vegetation (22%), wetland vegetation (72%) and 
fish (7%) occurred with scenario 1500c that delivered a large increase in flow by closing Menindee Lake.  
Other scenarios also produced ecological benefits in habitat condition of assessed biota, particularly 350a, 
750a, 1500a, 350b (3-6%) and 750c (3 to 10%).  However response to scenarios varied in time depending on 
whether it was a long sequence of drought years (first half of last century) or a wetter period.  This 
hydrological signature was very strong in Zone F.  In general, regulation in the Darling River has halved the 
frequency of moderate flooding (75% area inundated) to wetlands that naturally flooded every 1 in 2 to 3 
years (Northern Anabranch Lakes, Northern Darling Billabongs).  Wetlands that naturally flooded less often, 
from 1 in 4 to 1 in 10 years (Southern Anabranch Lakes, Unregulated Menindee Lakes), fill 13 to 28% less 
often under moderate Current flow scenarios. In contrast the Main Menindee Lakes flood more frequently 
now than under the Natural scenario (1 in 2-3 years), and hold water for longer periods.  The frequency of dry 
periods at this locality has declined significantly with dry periods of 9 months occurring once every 12 years 
naturally and not occurring at all under the Current scenario.  Natural dry periods of 1 month and 6 months 
were also reduced by 67 and 70 % respectively, only occurring every 3-4 decades under Current scenarios. 
Mean waterbird habitat condition at four localities was reduced for Current and Reference scenarios to 45 to 
73 % of that observed for the Natural scenario, with the greatest impact on frequently flooded wetlands.  
Most of the flow scenarios improved waterbird habitat condition in one or more localities with benefits 
ranging from 3 to 17%.  The 1500c scenario produced the greatest ecological benefit to waterbirds (61 to 
72% in frequent and 41 to 56% in infrequent).  Mean floodplain vegetation habitat condition declined to 86 to 
98% of the Natural scenario, except for river red gum in the Lower Darling Billabongs (31%). The series ‘c’ 
scenarios improved the latter substantially (50 to 350%), while the nine scenarios improved indices in other 
localities by varying amounts (up to 21%). Mean wetland vegetation condition for ribbon weed declined to 44 
to 53 % of the Natural scenario in two localities, but was improved by 3 to 11% in some scenarios and 63 to 
75 % by scenario 1500c. Average regulated fish habitat condition in the Anabranch Channel (0.37) was 
considerably lower than in the Darling River (0.73). Scenario 1500c improved fish habitat condition in the 
former by 5 % and the latter by 8 %, with structural and operational boosting these improvements to 11% and 
19%. The 1500c scenario, the option that produced the most improvement in habitat condition for all assessed 
biota, was achieved by closing Menindee Lake and thereby increasing the volume of water bypassing 
Menindee and passing downstream to the assessed localities.  Due to the storage value of Menindee Lake, 
this may often be an undesirable means to achieve greater flows in Zone F, although the benefits to 
waterbirds of drying cycles in the lake are well documented.  This scenario illustrates the frequency and 
volume of flow required to significantly improve habitat condition in Zone F, particularly for waterbirds and 
Wetland vegetation.  However many of the other flow scenarios produced benefits to various localities and 
taxa at the zone scale. Suggestions for future assessment with MFAT include: incorporate ecological modules 
for microinvertebrates, primary production and carbon/nutrient cycles (floodplain and in-stream); model the 
ecological benefits of drying habitats that are now flooded too frequently; incorporate groundwater 
parameters; fine tune ecological benefits across drought versus wet periods; model the ecological benefits of 
floodplain inundation to fish recruitment for some species, based on outcomes from research on the 
unregulated Lake Eyre Basin; refine floodplain hydrology module and undertake a program of field surveys 
in Zone F as the information base for waterbirds, vegetation and fish is inadequate. 
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1. Introduction 
Zone F contains a diverse array of floodplain wetlands (lakes, billabongs, channels, floodplain, etc) 

covering an area of 280,000 ha (King and Green 1993).  The predominant wetland type that 

distinguishes Zone F is clusters of large floodplain lakes (100 to 20,000 ha), located at Menindee and 

along the Great Anabranch of the Darling River (referred to hereafter as the Anabranch).  The major 

land uses in Zone F are grazing, opportunistic lakebed cropping, irrigated cropping and tourism.  

Lakebed cropping is prevalent in this zone and all the large lakes (>100 ha) have been cropped after 

floods recede (Seddon et al. 1998).  The major threatening processes identified in this section of the 

river by the River Murray Scientific Panel on Environmental Flows (Thoms et al. 2000) were: 

• Barriers to fish movement affecting fish communities; 
• Reduced frequency of flooding of high level benches, flood runners and floodplain; 
• Constant flow levels causing erosion and reduced habitat availability; 
• Unseasonal flows including rapid rates of rise and fall affecting biological communities; 
• Risk of algal blooms; and  
• Permanent inundation of parts of the Anabranch channel completely modifying the Anabranch 

environment. 

Key river structures include the Menindee Lakes Scheme (4 weirs, 7 block banks and approximately 15 

km channels and levee banks, Kingsford et al. 2002), Weir 32, Burtundy Weir, and 17 weirs along the 

Darling Anabranch as well as block banks and in a few cases regulators on lakes (Nias 2002).  

Structures in the lower reaches of the Darling River and Anabranch disrupt the hydrological 

connectivity between sections of the river and floodplain, and potentially reduce ecological connectivity 

(Jenkins and Boulton 2003).  Flows in the lower reaches of the Darling River are impacted by upstream 

water diversions in the Barwon Darling River system such that the frequency and duration of medium 

flood events has declined (Thoms and Sheldon 2000). 

Flows below the Menindee Lakes Scheme are impacted by the operation of the lakes to supply 

downstream water users.  Modifications include a Stock and Domestic release down the Anabranch.  

Many of the lakes at Menindee are used as water storages and their water regime has changed from 

temporary to near permanent.  The northern Menindee Lakes are not regulated but their water regime is 

modified by Lake Wetherell.  Changes at the Menindee Lakes have limited the frequency and scale of 

downstream flooding but may also create the potential to release environmental flows. 

There are no relevant waterbirds listed as threatened species under national legislation. Freckled ducks 

(Stictonetta Naevosa) and Blue-billed ducks (Oxyura Australia), recorded in Zone F, are listed as 

vulnerable under the NSW Threatened Species and Conservation Act 1995.  Silver perch (Bidyanus 

bidyanus ) and fly specked hardyhead (Craterocephalus stercusmuscarum), recorded in the Menindee 

Lakes are listed as vulnerable under the Fisheries Management Act 1994 in NSW.
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2. Methodology 
2.1. Selection of localities and storages 
Ecological assessments were undertaken in 7 localities, selected to represent the range of wetland types, 

water regimes and channel sections in Zone F.  The localities were Northern Anabranch Lakes, 

Southern Anabranch Lakes, Lower Darling Billabongs, Unregulated Menindee Lakes, Main Menindee 

Lakes, Lower Darling River and Anabranch Channel (Figure 2.1). 

The Northern Anabranch Lakes were selected to represent the northern lakes that flood frequently (1 in 

2-3 years, Irish 1993, Jenkins and Briggs 1995).  Popio Lake was selected due to the presence of lignum 

(Muehlenbeckia florulenta) on islands in the lake, and also in the Gluepot floodplain at the lake entry.  

Blackbox (Eucalyptus largiflorens) woodland is extensive in the latter area, where waterbird nests 

occur (K. Jenkins Personal Communication). 

The Southern Anabranch Lakes were selected to represent the southern lakes that flood less frequently 

(1 in 10 years, Irish 1993, Jenkins and Briggs 1995).  Nearie Lake was selected as it contains extensive 

blackbox woodland and spiny lignum (Muehlenbeckia horrida), is a NPWS Nature Reserve and is 

regarded as an important refuge for waterbirds (Lloyd 1992). 

The Lower Darling Billabongs were selected to represent billabongs in the northern Lower Darling 

River, especially in the area of Pooncarie, that flood frequently (1 in 2-3 years, Green et al. 1998).  The 

billabongs are deep (1-2 m) oxbow lagoons that support river red gum (Eucalyptus camaldulensis) 

woodland and provide aquatic habitat for periods of 6 to 24 months after flooding (Green et al. 1998). 

The Unregulated Menindee Lakes were selected to represent lakes in the Menindee area not as severely 

impacted by operations of the Menindee Lakes Scheme.  Emu Lake was selected due to the presence of 

lignum across much of the lakebed (thus potential for waterbird breeding) and because it is located 

within Kinchega National Park, suggesting that management options should be diverse. 

The Main Menindee Lakes were selected to represent lakes that are heavily regulated, but contain 

significant ecological values and a vast area of habitat.  Lake Menindee and Lake Cawndilla were 

configured due to the large numbers of waterbirds supported on the lakes during drying events, and 

when they flooded again after drying events (Kingsford et al. 2002).  

The Lower Darling River and Anabranch Channel were selected to represent fish habitats in the 

Darling River and Anabranch.  
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Figure 2.1. Location of localities, storages and river sections in Zone F. 
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2.2. Floodplain configuration and hydrologic calibration 
Each locality was configured using the general methods provided in the MFAT Workshop Manual and 

subsequent notesets.  Details are provided of floodplain configuration and hydrological calibration for 

each locality in Appendix 6.1. Calibration of the hydrological behaviour of the configured storages was 

done by comparing historical records of flooding with the Actual, Natural and Current scenarios.   

In Zone F good historical records were available for frequency and duration of flooding for large lakes, 

but only flood frequency records were available for small wetlands like the Lower Darling River 

billabongs.  Similarly depth, area and volume data were available for large lakes, based on surveys done 

in 1938, but not for small wetlands.  Records for magnitude of inundation were available for some of 

the large lakes, but these were descriptive and difficult to translate into the parameters required by 

MFAT.  Rates of rise and fall were generally not available, except for measurements of flood inflow to 

Anabranch lakes in 1998 (M. Erny Personal Communication) and for the Main Menindee Lakes.  

2.3. Ecological modules 
The ecological assessments undertaken at each locality and the focal species selected for the waterbird 

module and vegetation types used in the vegetation modules are shown in Table 2.1. 

2.3.1.Waterbird configurations 
A different waterbird (focal) species was selected for each locality (Table 2.1) to capture ecological 

diversity and facilitate interpretation against preference curves.  For example, for the Northern 

Anabranch Lakes, Australian white ibis (Threskiornis molucca), rather than straw-necked ibis 

(Threskiornis spinicollis), was selected as the focal species for the Colonial Nesting Waterbirds (CNW) 

group (Table 2.1). Australian white ibis was chosen on the basis that it might both nest and feed within 

wetland habitats of the sort apparently at this locality, whereas straw-necked ibis primarily feeds 

outside inundated habitats.  We selected species that occur throughout the Murray-Darling Basin and 

that preferred the types of habitat at each locality for breeding as well as foraging. For the Foraging 

component a number of duck species were selected as focal species, reflecting their super-abundance 

and relative dominance in most shallow wetlands.  

For the localities in Zone F, the SRP Default Preference Curves for waterbirds were broadly suitable 

and so no changes were made to the curves. Similarly, no changes were made to Overall Weights or the 

Preference Curve Weights.  Ad hoc testing of the impact of changes to weights (eg. setting either 

Breeding or Foraging to zero; or reducing Dry Period and Rate of Fall to zero) and to curves (eg. Area 

Inundated for Breeding) revealed either negligible change to indices, or slight change but retention of 

the general outcome.   
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Table 2.1. Localities in Zone F, storages within each locality and the ecological modules run at each locality. Waterbird focal species and 
vegetation types assessed are indicated. Key: CNW = Colonial Nesting Waterbirds, W+G= Waterfowl and grebes, 1.Wetland vegetation (WV), 2. 
Floodplain vegetation (FV), 3. Hypothetical (=expected), 4. Present and dominant, 5. Potential to occur and 6. Present and degraded. 

Complex 
locality 
name 

Bigmo
d 
node 

Storages within each 
locality 

Analyses Waterbird Focal Species 
 

Vegetation Type being 
assessed 
 

Northern 
Anabranch 
Lakes 

Wycot Popio Lake1.

Popio halo floodplain2.

Gluepot floodplain2.

 

Waterbirds 
Wetland vegetation 
Floodplain vegetation 

CNW Australian white ibis 
Threskiornis molucca  
W+G Grey teal  
Anas gracilis 

WV1. Ribbon weed 3
FV2. Popio Blackbox woodland 4
FV2. Gluepot Blackbox woodland 
4, Lignum shrubland 4

Southern 
Anabranch 
Lakes 

Wycot  Nearie Lake
Nearie halo floodplain2.

Waterbirds 
Floodplain vegetation 

CNW White-necked heron 
Ardea pacifica  
W+G Grey Teal  
Anas gracilis 

FV2. Blackbox woodland 4

Lower 
Darling 
Billabongs 

Weir 
32 
 

Billabong1.

Billabong halo floodplain2.
Waterbirds 
Wetland vegetation 
Floodplain vegetation 

CNW Yellow-billed spoonbill 
Platalea flavipes  
W+G Pacific black duck  
Anas superciliosa 

WV1. Ribbon weed 3 

FV2. River red gum woodland 3

Unregulated 
Menindee 
Lakes 

Weir 
32 
 

Emu Lake 
Emu halo floodplain2.

 

Waterbirds 
Floodplain vegetation 
 

CNW Glossy ibis  
Plegadis falcinellus  
W+G Pink-eared duck 
Malacorhynchus 
membranaceus 

FV2. Black box woodland 4, 
Lignum shrubland 4

Main 
Menindee 
Lakes 

Weir 
32 
 

Menindee Lake1.

Menindee halo 
floodplain2.

Cawndilla Lake1.

Cawndilla halo floodplain2 

 

Waterbirds 
Wetland vegetation 
Floodplain vegetation 
 

CNW White-necked heron 
Ardea pacifica  
W+G Grey Teal  
Anas gracilis 

WV1. Cumbungi 5 

FV2. River red gum woodland 6

Lower 
Darling 
River 

Weir 
32 

River Section Fish   

Anabranch 
Channel 

Wycot     River Section Fish
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We also trialled changes to the CNW: W+G weightings but these produced negligible changes to the 

mean indices. Accordingly, and with no clear justification to make such changes, we retained equal 

weights for both groups at all localities. Selection of sparse, moderate or abundant for Nesting 

Vegetation was based on experience (K. Jenkins, R. Jaensch Personal Communication), literature and 

topographic or other map coverages. Zone indices for waterbird habitat condition were calculated with 

the Main Menindee Lakes locality weighted to zero.  This was because it was impossible to assess the 

overall Zone benefits of scenario 1500c with this locality included because this flow option excluded 

flows to Menindee Lake, therefore negating assessment at that locality and producing zero values.   

2.3.2.Floodplain vegetation configurations 
Floodplain vegetation assessments were run at five floodplain configurations, and seven vegetation 

assessment localities, some with more than one vegetation type (Table 2.1).  A vegetation type was 

chosen because it either exists there; or because it may have existed there (Table 2.1). Several SRP 

Default Preference Curves were changed.  First where possible, curves were adjusted to show a 

response corresponding to the fundamental niche (theoretical distribution based on species 

physiological tolerances), rather than the realised niche (observed distribution which may be restricted 

by resources or biotic interactions such as predation, competition and herbivory). Second, the Default 

Preference Curves were considered to be focused on the mid-Murray environment; thus those curves 

implying a temperature constraint or that simply tracked an aspect of the natural flow regime were 

changed to be more appropriate to climatic and flow conditions in Zone F.  These changes were made 

through discussion, integrating theoretical principles with knowledge from persons with long 

experience in the region.  Finally, curves returning zero values “ie lethal” for Natural scenario when 

instead vegetation type has persisted at a given locality were modified to return very low values.  Zone 

indices for floodplain vegetation habitat condition were calculated with the Main Menindee Lakes 

locality weighted to zero (see 2.3.2 waterbirds).  Also configuration of the Menindee and Cawndilla 

halo floodplain may not be as appropriate for floodplain vegetation habitat condition, due to the depth 

of the lakes.  

2.3.3.Wetland vegetation configurations 
Four wetlands from three floodplain configurations were selected for potential wetland vegetation 

assessment (Table 2.1).  Two wetland vegetation types were trialled: ribbon weed (Vallisneria 

americana), a submerged macrophyte, and cumbungi (Typha sp.,) an emergent macrophyte (Table 2.1).  

Neither are currently dominant vegetation types, although they occur as scattered individuals.  Ribbon 

weed was included because anecdotal evidence suggested it was present prior to the 1970s (K. Jenkins 
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Personal Communication).  Cumbungi is included as it is a highly invasive native plant, well-

established at permanent or semi-permanent water bodies in the arid zone such as weirpools on the 

Anabranch.  There may be potential for Typha to establish around lakes at Menindee provided it can be 

protected from wave action.  Minor changes to SRP Default Preference Curves for ribbon weed 

(Vallisneria sp.) are documented within the module.  References are given at the end of this document.  

Zone indices were calculated with the Main Menindee Lakes weighted to zero (see 2.3.2). 

2.3.4.Fish configurations 
SRP Default Preference Curves were used in the model, with the following exceptions to Spawning 

Habitat Condition (SHC) and Larval and Juvenile Habitat Condition (LJHC): Group 1 SHC (Flood 

magnitude, Spawning time) and LJHC (Inundation Area); Group 4 LJHC (Inundation Area); Group 5 

SHC (Spawn timing) and LJHC (Inundation Area); Group 6 SHC (Spawn timing) and LJHC 

(Inundation area); Group 7:  SHC (Spawn timing).  Reasoning behind all changes to defaults is outlined 

in the fish module database.  For both localities, Structural and Operational changes were implemented 

as fish passage values increased by 0.2, and woody debris levels set to natural. 

2.4. Structural and operational changes 
The waterbird and vegetation modules were run without structural and operating improvements in Zone 

F. The only structural options available were the addition of regulators to lakes.  There were no 

instances where a regulator was considered necessary, or where potential ecological benefits 

outweighed ecological losses due to disruption of connectivity between the river and lake. We did not 

want to endorse construction of a regulator without prior studies to investigate the need.  In Zone F a 

number of structural and operational changes are under review (pipeline along Anabranch, regulators, 

channels at Menindee) and the former was incorporated in the flow scenarios. 

2.5. Flow scenarios that target Zone F 
The c-series of scenarios target flow improvements in Zone F and include replacement of the 

replenishment releases to the Anabranch with savings from installation of a pipeline in 350c. Scenario 

750c includes this plus replacement of the dilution flow with a spring release of 35,000ML if no similar 

flood occurred in the previous year.  Scenario 1500c decommissions Menindee Lake to in-flows and so 

increases the volume of water available to Zone F.  Under the ‘a’ and ‘b’ series a Cap reduction occurs 

on the NSW Lower Darling River for the 350GL (~4 %), 750GL (~7 %) and 1500GL (~17 %) options.  

Under scenarios 750b and 1500b water is also released from Menindee Lakes at maximum rates 

whenever the flow at Euston is greater than 50000ML/d. 
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3. Zone F MFAT Results 
3.1. Zone indices 
3.1.1.Zone F overall ecological outcomes 
Waterbird habitat condition for Current and Reference scenarios was roughly half that observed under 

the Natural scenario (Table 3.1).  It remained at these reduced levels or slightly less for most flow 

scenarios.  However the 350a, 750a, 1500a, 350b, 750c and 1500c scenarios improved waterbird habitat 

condition from the Reference flow scenario in Zone F by 4, 4, 4, 4, 9 and 57 % respectively (Table 3.2). 

Condition indices for floodplain vegetation at the Zone level were not substantially altered by 

regulation (88 % Current, 84% Reference, Tables 3.1 and 3.2), integration masking more significant 

differences observed at the locality and vegetation type level (Section 3.2 and 3.3). Most scenarios 

showed either no improvement compared to the Current scenario, whereas all scenarios increased by 3-

6% compared to the Reference scenario, except 1500c that produced 16-22% improvement on Current 

and Reference scenarios, a higher mean than that observed under the Natural scenario. 

Wetland vegetation was similar to waterbirds; indices for Current and Reference scenarios were half 

those observed for Natural flows, the 750c scenario produced a 7 to 10 % improvement and the 1500c 

option improved habitat condition by 67 to 72 % from the two regulation scenarios (Tables 3.2 and 3.2). 

Fish habitat condition in Zone F was reduced to 83 % of Natural, under the Current and Reference 

scenarios (Tables 3.1 and 3.2). Scenario 1500a improved fish habitat condition by 2 %, while the 1500c 

showed a 7 % improvement (Table 3.2). 

Table 3.1. Mean and coefficient of variation for ecological indices computed over a 108 year period for 
Natural, Current, Reference and nine flow scenarios, without structural and operational improvements. 

 Waterbirds Floodplain 
vegetation 

Wetland 
vegetation 

Fish Zone 
overall 

 mean CV mean CV mean CV mean CV mean CV 
Natural 0.42 0.59 0.43 0.21 0.60 0.47 0.66 0.11 0.53 0.26 
Current 0.24 1.25 0.38 0.26 0.30 1.19 0.55 0.14 0.37 0.50 
Reference 0.23 1.29 0.36 0.28 0.29 1.24 0.55 0.14 0.36 0.51 
350a 0.24 1.24 0.38 0.26 0.30 1.19 0.55 0.14 0.37 0.50 
750a  0.24 1.23 0.38 0.25 0.30 1.19 0.55 0.15 0.37 0.49 
1500a  0.24 1.24 0.38 0.25 0.30 1.22 0.56 0.14 0.37 0.50 
350b 0.24 1.24 0.38 0.26 0.30 1.20 0.55 0.14 0.37 0.50 
750b 0.23 1.26 0.37 0.27 0.28 1.22 0.55 0.14 0.36 0.50 
1500b  0.22 1.31 0.37 0.28 0.27 1.30 0.55 0.13 0.35 0.51 
350c 0.23 1.25 0.37 0.27 0.28 1.22 0.55 0.14 0.36 0.49 
750c 0.25 1.21 0.38 0.26 0.32 1.14 0.55 0.15 0.37 0.49 
1500c 0.36 0.79 0.44 0.22 0.50 0.68 0.59 0.14 0.47 0.36 
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Table 3.2. Percent change between Current (C) and Reference (R) regulation scenarios and nine flow 
scenarios in ecological indices computed over a 108 year period, without structural and operational 
improvements. Calculation ((REG-SCENARIO)/REG)*100 

 Waterbirds Floodplain 
vegetation 

Wetland 
vegetation 

Fish Zone 
overall 

 C R C R C R C R C R 
Mean Indices 0.24 0.23 0.38 0.36 0.30 0.29 0.55 0.55 0.37 0.36 
350a 0 4 0 6 0 3 0 0 0 3 
750a  0 4 0 6 0 3 0 0 0 3 
1500a  0 4 0 6 0 3 2 2 0 3 
350b 0 4 0 6 0 3 0 0 0 3 
750b -4 0 -3 3 -7 -3 0 0 -3 0 
1500b  -8 -4 -3 3 -10 -7 0 0 -5 -3 
350c -4 0 -3 3 -7 -3 0 0 -3 0 
750c 4 9 0 6 7 10 0 0 0 3 
1500c 50 57 16 22 67 72 7 7 27 31 

 

3.1.2.Zone F ratio outcomes 
Zone F ratio indices are presented in Appendix 6.3.  Generally these results reflected those already 

presented above although the median statistic did not reveal subtle changes in indices produced by the 

flow scenarios as well as other measures (mean, coefficient of variation and spells analysis). 

3.1.3.Effects of Structural and Operational Changes on Fish 
A consistent increase in fish habitat condition occurred in Zone F and both localities due to improving 

fish passage and re-snagging. The structural and operational changes led to differences between 

scenarios and the regulated condition that ranged from 0.03 – 0.04 (Table 3.3), representing an 

improvement of 5 % to 7 % in Zone F, 4 % to 6 % in the Lower Darling River and 8 % to 11 % in the 

Anabranch Channel (Table 3.4).  The combined improvement in Fish habitat condition (flow scenarios 

plus structural and operational changes) from regulated flows was 5 to 13 % in Zone F, 5 % to 11 % in 

the Lower Darling River and 8 % to 19 % in the Anabranch Channel (Table 3.4).   

Table 3.3. Mean and coefficient of variation for Fish habitat condition with and without Structural and 
Operational (S&O) changes in Zone F, Lower Darling River and Anabranch Channel. 

 Zone F  
 

Zone F  
 

S & O 

L. Darling 
River 

L. Darling 
River  
S & O 

Anabranch 
Channel 

Anabranch 
Channel 
 S & O 

 mean CV mean CV mean CV mean CV mean CV mean CV 
Natural 0.66 0.11   0.80 0.08   0.51 0.29   
Current 0.55 0.14   0.73 0.06   0.37 0.37   
Reference 0.55 0.14   0.73 0.06   0.37 0.38   
350a 0.55 0.14 0.59 0.13 0.73 0.06 0.77 0.06 0.37 0.37 0.41 0.34 
750a  0.55 0.15 0.59 0.14 0.73 0.07 0.76 0.07 0.37 0.37 0.41 0.34 
1500a  0.56 0.14 0.59 0.14 0.73 0.06 0.77 0.06 0.38 0.37 0.41 0.34 
350b 0.55 0.14 0.59 0.13 0.73 0.06 0.77 0.06 0.38 0.37 0.41 0.34 
750b 0.55 0.14 0.59 0.13 0.73 0.06 0.77 0.05 0.37 0.36 0.40 0.33 
1500b  0.55 0.13 0.59 0.13 0.74 0.05 0.77 0.05 0.37 0.36 0.40 0.33 
350c 0.55 0.14 0.58 0.13 0.73 0.07 0.77 0.06 0.36 0.37 0.40 0.34 
750c 0.55 0.15 0.59 0.14 0.74 0.06 0.77 0.06 0.37 0.39 0.40 0.36 
1500c 0.59 0.14 0.62 0.13 0.77 0.07 0.81 0.06 0.40 0.37 0.44 0.34 
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3.2. Locality level indices 
Actual indices for waterbirds, floodplain and wetland vegetation are shown in Appendix 7.3 and for fish 

in section 3.1.  The results presented below refer to percentage difference between regulation and each 

of the nine flow scenarios (Table 3.4) 

3.2.1.Waterbird habitat condition 
Waterbird habitat condition was highest in the frequently flooded localities (Northern Anabranch 

Lakes, Lower Darling Billabongs and Main Menindee Lakes), compared to the Southern Anabranch 

Lakes and Unregulated Menindee Lakes that flood less often (Table 3.4).  The impacts of regulation 

were greatest in localities that flood on small frequent floods (Table 3.4). A number of scenarios 

improved waterbird habitat condition, with benefits ranging from 2 to 17 %, except for scenario 1500c 

that improved indices by 41 to 72 % (Table 3.4).  In some instances scenarios had no effect or a 

detrimental effect.  On the Main Menindee Lakes all scenarios except 1500c, which was not applicable 

due to closure of Menindee Lake, exceeded the Natural score 

3.2.2.Floodplain vegetation habitat condition 
Floodplain vegetation habitat condition varied under Natural conditions between 0.53 (Northern 

Anabranch Lakes) and 0.04 (Main Menindee Lakes) (Table 3.4).  The mean condition for the former 

locality varied between 0.19 and 0.83 across the 108-year period.  Regulation reduced habitat condition 

in four localities to 31 and 98 % of the Natural scenario, and in the Main Menindee Lakes up to 125 % 

of Natural.  Improvements to the regulated condition with eight flow scenarios varied between 2 and 50 

%, while scenario 1500c improved condition by 2 to 350 % (Table 3.4).  The biggest improvements 

were observed in the Lower Darling Billabongs, where the series ‘c’ scenarios dramatically improved 

habitat condition for river red gum woodland (Table 3.4).  As with waterbirds, some scenarios had no 

effect or a detrimental effect, particularly in the Main Menindee Lakes. 

3.2.3.Wetland Vegetation Habitat condition 
Habitat condition for ribbon weed in the Northern Anabranch Lakes was 0.63 and in the Lower Darling 

Billabongs was 0.57 (Table 3.4). Regulation reduced habitat condition between 44 and 53 % of Natural 

in these two localities (Table 3.4).  The 1500c scenario had a dramatic effect, improving habitat 

condition by 63 to 75 % above the regulated values.  Many scenarios showed no improvement and even 

a detrimental effect, and this was strongest in relation to the Current flow scenario.  Improvements to 

the Reference condition ranged from 3 to 11 % (Table 3.4).  Habitat condition for cumbungi in the 

Main Menindee Lakes was improved under both the regulated and eight of the flow scenarios compared 

to the Natural condition.  
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Table 3.4. Ecological indices for Natural scenario and percent change between Natural and regulated scenarios.  Ecological indices for regulated 
scenarios (Current and Reference) and percent change between these and nine flow scenarios computed over a 108 year period. Structural and 
operational changes (S&O) are also shown for fish (Calculation ((REG-SCENARIO)/REG)*100). Current = Reference for fish in all cases. 

 Waterbirds 
Northern 

Anabranch Lakes 

Waterbirds 
Southern 

Anabranch Lakes 

Waterbirds 
Lower Darling 

Billabongs 

Waterbirds 
Unregulated 

Menindee Lakes 

Waterbirds  
Main Menindee 

Lakes 

Wetland Veg. 
Northern 

Anabranch Lakes 
ribbon weed 

Wetland Veg. 
Lower Darling 

Billabongs 
ribbon weed 

Wetland Veg. 
Main Menindee 

Lakes 
cumbungi 

Natural 0.58             0.58 0.25 0.25 0.58 0.58 0.26 0.26 0.52 0.52 0.63 0.63 0.57 0.57 0.29 0.29
%REG/NAT 47                45 68 68 53 50 73 69 131 131 48 44 53 51 217 190
Reg. scenario Cur.                Ref. Cur. Ref. Cur. Ref. Cur. Ref. Cur. Ref. Cur. Ref. Cur. Ref. Cur. Ref.
Regulated 0.27                0.26 0.17 0.17 0.31 0.29 0.19 0.18 0.68 0.68 0.30 0.28 0.30 0.29 0.63 0.55
% Imp. 350a 0                4 6 6 0 7 5 11 2 2 0 7 0 3 0 15
% Imp. 750a 4                8 6 6 0 7 5 11 0 0 0 7 0 3 2 16
% Imp. 1500a 0                4 6 6 -3 3 11 17 -4 -4 0 7 0 3 0 15
% Imp. 350b 0                4 0 0 0 7 5 11 0 0 0 7 0 3 0 15
% Imp. 750b 0                4 -6 -6 -3 3 0 6 0 0 -10 -4 0 3 -2 13
% Imp. 1500b -7                -4 -6 -6 -10 -3 -5 0 -2 -2 -10 -4 -10 -7 -3 11
% Imp. 350c 0                4 -6 -6 -3 3 0 6 2 2 -10 -4 0 3 -3 11
% Imp. 750c 4                8 6 6 3 10 11 17 0 0 3 11 7 10 3 18
% Imp. 1500c 59                65 41 41 61 72 47 56 -100 -100 63 75 67 72 -100 -100
 Floodplain Veg. 

Northern 
Anabranch Lakes 

Floodplain Veg. 
Southern 

Anabranch Lakes 

Floodplain Veg. 
Lower Darling 

Billabongs 
river red gum 

Floodplain Veg. 
Unregulated 

Menindee Lakes 

Floodplain Veg. 
Main Menindee 

Lakes 
river red gum 

Fish 
Zone 

F 

Fish 
Zone F 
S&O 

Fish  
Darling 
River 

Fish 
Darling 
River 
S&O 

Fish 
Anab. 

Channel 

Fish 
Anab. 

Channel 
S&O 

Natural 0.53              0.53 0.43 0.43 0.13 0.13 0.51 0.51 0.04 0.04 0.66 0.66 0.80 0.80 0.51 0.51
%REG/NAT 91                87 98 95 31 31 92 86 100 125 83 83 91 91 73 73
Reg. scenario Cur.                Ref. Cur. Ref. Cur. Ref. Cur. Ref. Cur. Ref. Reg. Reg. Reg. Reg. Reg. Reg.
Regulated 0.48                0.46 0.42 0.41 0.04 0.04 0.47 0.44 0.04 0.05 0.55 0.55 0.73 0.73 0.37 0.37
% Imp. 350a 0                4 0 2 0 0 0 7 0 -20 0 7 0 5 0 11
% Imp. 750a 0                4 2 5 0 0 0 7 0 -20 0 7 0 4 0 11
% Imp. 1500a 0                4 2 5 0 0 0 7 0 -20 2 7 0 5 3 11
% Imp. 350b 0                4 0 2 25 25 0 7 0 -20 0 7 0 5 3 11
% Imp. 750b -2                2 -2 0 25 25 -4 2 0 -20 0 7 0 5 0 8
% Imp. 1500b -2                2 -2 0 0 0 -4 2 50 -20 0 7 1 5 0 8
% Imp. 350c 0                4 -2 0 50 50 -4 2 0 -20 0 5 0 5 -3 8
% Imp. 750c 0                4 -2 0 50 50 -2 5 -25 -40 0 7 1 5 0 8
% Imp. 1500c 13                17 2 5 350 350 13 21 -100 -100 7 13 5 11 8 19
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3.3. Species/Group level indices 
3.3.1.Blackbox woodland 
Blackbox woodland was assessed at three localities, and its habitat condition score under Natural 

conditions ranges from 0.43 to 0.52; scores are slightly lower at Nearie Lake and Emu Lake, both 

lakes that flood less frequently (Table 3.5).  Blackbox woodland mean habitat scores for the Current 

and Reference scenarios showed a small decrease in habitat condition relative to Natural, in order of 

0.01 to 0.06, across three localities. The effect was greater in the frequently flooded lakes. The 

1500c scenario improved blackbox woodland habitat scores (and most measures of this) returning 

these to Natural condition.  The other scenarios produced smaller improvements (2-5%) or no 

change at all. 

3.3.2.Lignum shrubland 
Lignum shrubland was assessed at two localities, Gluepot floodplain and Emu Lake, with a mean 

value under Natural conditions of 0.57 and 0.55 respectively (Table 3.5).  Mean habitat condition 

scores for Current and Reference scenarios showed only a slight decrease in habitat condition 

relative to Natural, in order of 0.07 to 0.09 for Current (13 to 21% less than Natural), with the 

greater effect being at Emu Lake halo floodplain.  Lignum habitat was affected more by regulation 

than was blackbox woodland at the same localities.  All scenarios improved habitat condition, 

mostly to a variable degree (0 to 15 % compared to Current), whereas the 1500c option returned 

condition to better than Natural levels (Table 3.5). 

3.3.3.River red gum woodland 
River red gum woodland (RRG) was assessed at two localities, as a fringe to the billabongs of the 

Darling River and as a fringe in the Menindee Lakes.  In the Lower Darling Billabongs that hold 

water for 1-2 years, the Natural flow scenario yielded an average Habitat condition of 0.13 (Table 

3.5) with a range of 0.2-0.45. Mean habitat condition scores for the Current scenario show a large 

decrease (ie more than 10%) in habitat condition relative to Natural (0.13 down to 0.04).  There was 

no difference between Current and Reference scenarios.  The occurrence of flood events is skewed 

in Zone F with all flood events under Current occurring in the latter half of the study period and 

none before 1950. The series ‘c’ flow scenarios improved conditions for RRG before 1951, and of 

these the 1500c scenario produced the greatest ecological improvement.  The 1500c scenario offers 

most to RRG woodland on the northern part of the Lower Darling, by restoring much of the flood 

frequency, and the overall pattern of flood events.  Other scenarios increased mean habitat condition 

by 0 to 0.02, and of these the most positive was the 1500a Cap scenario which produced an increase 

of 0.02.  These results should be treated cautiously (see discussion). 
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Table 3.5. Mean and coefficient of variation for Blackbox woodland, Lignum shrubland and River 
red gum woodland habitat condition computed for Zone F vegetation localities over a 108-year 
period for Natural, Current, Reference and nine flow scenarios, without structural and operational 
improvements. 

 Blackbox 
woodland 

Popio 

Blackbox 
woodland 
Gluepot 

Blackbox 
woodland 

Nearie 

Blackbox 
woodland 

Emu 

Lignum 
shrubland 
Gluepot  

Lignum 
shrubland 

Emu  

River red 
gum 

Billabong  

River red 
gum  
MML  

 mean CV mean CV mean CV mean CV mean CV mean CV mean CV mean CV 
Natural 0.51 0.28 0.52 0.33 0.43 0.28 0.48 0.24 0.57 0.29 0.55 0.25 0.13 1.28 0.04 1.87 
Current 0.47 0.27 0.48 0.26 0.42 0.25 0.46 0.24 0.50 0.37 0.48 0.22 0.04 2.21 0.04 2.12 
Reference 0.45 0.30 0.47 0.27 0.41 0.24 0.44 0.26 0.49 0.41 0.45 0.50 0.04 2.63 0.05 2.11 
350a 0.46 0.26 0.49 0.24 0.42 0.25 0.46 0.24 0.51 0.34 0.48 0.42 0.04 2.25 0.04 2.26 
750a  0.47 0.27 0.49 0.25 0.43 0.24 0.45 0.24 0.51 0.35 0.48 0.42 0.04 2.21 0.04 2.23 
1500a  0.46 0.25 0.49 0.26 0.43 0.24 0.45 0.24 0.52 0.34 0.48 0.42 0.04 2.25 0.04 2.37 
350b 0.47 0.27 0.49 0.25 0.42 0.25 0.46 0.24 0.52 0.32 0.48 0.42 0.05 2.27 0.04 2.37 
750b 0.45 0.29 0.48 0.26 0.41 0.24 0.45 0.25 0.51 0.34 0.45 0.49 0.05 2.16 0.04 2.28 
1500b  0.45 0.29 0.48 0.25 0.41 0.24 0.45 0.25 0.50 0.38 0.45 0.49 0.04 2.49 0.06 1.97 
350c 0.45 0.28 0.49 0.26 0.41 0.24 0.44 0.25 0.52 0.33 0.45 0.50 0.06 2.20 0.04 2.35 
750c 0.46 0.25 0.48 0.27 0.41 0.25 0.45 0.24 0.51 0.35 0.47 0.42 0.06 2.05 0.03 2.54 
1500c 0.51 0.25 0.54 0.29 0.43 0.28 0.49 0.27 0.60 0.24 0.57 0.24 0.18 1.14 0 - 

 

3.3.4.Murray cod 
Habitat condition for Murray cod in Zone F was reduced to 85-86% of the Natural scenario by 

regulation (Current and Reference) (Table 3.6).  Effects of regulation were lower in the Lower 

Darling River (97%) compared to the Anabranch Channel (63-65%) (Table 3.6). Some of the flow 

scenarios made no improvement to Murray cod habitat condition in Zone F and the two localities, 

but 1500a and 1500b improved conditions by 2 –4%, 750c by 1-7% and 1500c by 2-15%.  

Structural and Operational changes made consistent improvements to Murray cod habitat condition 

and combined with the flow scenarios produced improvements between 1 to 16%. 

Table 3.6. Murray cod fish habitat condition in Zone F, Lower Darling River and Anabranch Channel 
with and without Structural and Operational (S&O) changes. Mean ecological indices for Natural 
scenario and percent change between Natural and regulated scenarios.  Ecological indices for 
regulated scenarios (Current and Reference) and percent change between these and nine flow 
scenarios computed over a 108 year period. Actual indices shown in Appendix 6.2. 

 Zone F Zone F  
S&O 

L. Darling 
River 

L. Darling 
River S&O 

Ana Channel  Ana Channel 
S&O  

 Cur. Ref. Cur. Ref. Cur. Ref. Cur. Ref. Cur. Ref. Cur. Ref. 
Natural 0.65 0.65   0.87 0.87   0.43 0.43   
% Reg/Nat 85 86   97 97   63 65   
Regulated 0.55 0.56   0.84 0.84   0.27 0.28   
350a 2 0 2 0 0 0 0 0 0 -4 0 -3 
750a  0 -2 0 -2 -1 -1 -1 -1 0 -4 0 -3 
1500a  2 0 2 0 0 0 0 0 4 0 3 0 
350b 2 0 2 0 0 0 0 0 0 -4 0 -3 
750b 0 -2 0 -2 1 1 1 1 -4 -7 -3 -6 
1500b  2 0 2 0 2 2 2 2 -4 -7 -3 -6 
350c 0 -2 0 -2 -1 0 0 0 0 -4 0 -3 
750c 4 2 3 2 1 1 1 1 7 4 6 3 
1500c 7 5 7 5 2 2 3 3 15 11 16 12 
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4. Discussion 
4.1. Ecological outputs for flow scenarios 
4.1.1.Waterbirds 
The 1500c flow scenario produced the greatest improvement in waterbird habitat condition, 

suggesting that frequent small to moderate floods (every 1 in 2-3 years) are important for 

waterbirds.  This supports research on the Macquarie Marshes that showed reduced flooding is 

associated with reduced breeding outcomes (Kingsford and Johnson 1999). The Cap reduction 

scenarios series a, 350b, and 1500b as well as 750c produced habitat condition improvements of 4-

9% for waterbirds. 

The improvement to Waterbird habitat condition in the Main Menindee Lakes under regulated 

scenarios is at odds with findings that permanent inundation has reduced both species diversity and 

densities on these lakes (Kingsford et al. 2002).  This suggests that the depth indicator in the 

waterbird module is not good at detecting variability in depth, which is important to waterbirds. The 

Main Menindee Lakes are known to support up to hundreds of thousands of waterbirds, including 

migratory shorebirds, as they dry out (Kingsford et al. 2002). This high value would probably 

increase if the lakes were allowed to dry out more often but may decrease if the lakes were 

bypassed or were filled infrequently.   

There were large colonies of breeding waterbirds in the Menindee Lakes before regulation and 

immediately after regulation (Richard Kingsford personal communication). HANZAB (Marchant & 

Higgins 1990) refers to “5000 nests and 20,000 pairs” of Great Cormorant Phalacrocorax carbo on 

“Menindee Lakes” in 1974. The largest colony of this species in Australia identified since 1981 was 

800-900 pairs at Coongie Lakes, the largest count from any one site was 2500 birds (Bindegolly 

Lakes), and the highest estimate of population size is in the order of only a few tens of thousands 

(Roger Jaensch personal communication). The high numbers recorded in 1974 have not been 

observed recently, probably due to effects of regulation coupled with the lack of large flood events 

like that observed throughout much of Australia in 1974-76. Prior to regulation, the Menindee 

Lakes may have offered one of the largest areas of woodland and shrubland that was subject to 

periodic inundation, in the Darling system. So, it could have been very attractive to breeding 

waterbirds. The experience at several sites, such as Lake Argyle in Western Australia, has been that 

waterbirds may breed in large numbers in flooded live woodland in the few years after permanent 

inundation, but drop off or disappear once the trees die. 
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There seems to be no contemporary evidence of major waterbird breeding colonies (thousands) in 

other parts of Zone F, south of Menindee. Though this may partly reflect incomplete survey effort, 

it possibly also indicates the true situation. Perhaps the southern Zone F habitat is inadequate to 

support major colonies like those that exist elsewhere (ie. Macquarie Marshes). Recently 

documented colonies of waterbirds in Zone F have mainly been relatively small colonies of 

cormorants/darters around Menindee. Nests have been observed in blackbox trees / woodland / 

fringe around Popio Lake, and surveys during floods and for nesting sites are needed to determine 

the value of Zone F for waterbird breeding.  

4.1.2.Floodplain vegetation 
The 1500c scenario virtually eliminated the negative effects of regulation on blackbox woodland 

habitat condition.  However, the negative effects were small, and at this stage are probably of 

greater consequence for understorey species than for blackbox trees. Similarly with lignum, the 

negative effects associated with Current and Reference flow scenarios were small, and unlikely to 

have affected lignum shrublands dramatically.  This is probably not the case for the aquatic and 

amphibious herbs that are understorey to lignum when flooded, as decreases in flooding frequency 

will affect these and their seed banks. 

River red gum woodland is strongly influenced by flood duration, and re-setting the Flood Duration 

Preference Curve value for floods of about 9 months from 0.2 to 0.7 greatly boosted Habitat 

conditions under Natural conditions.  There is a possibility that the preference curve is inappropriate 

for Zone F, given the occurrence of river red gum along the Darling River.  Alternatively, it could 

be that the floodplain configuration is returning an overlong estimate of flood duration; configuring 

a narrow woodland fringe is challenging.   

Flows down the Darling appear to be responding to a longer time signal than decades, apparently of 

about 50 years.  Thus the effect of some scenarios on floodplain vegetation is not distributed evenly 

through time, with one part of the century being much more strongly affected, usually the first 50 

years, up to the 1940s drought. This temporal variability needs to be considered in detecting 

management scenarios over time.  A major difference between Natural and Current (and also 

several scenarios) occurs during a major drought such as the early 1940s.  For example, Gluepot 

floodplain under Natural conditions is flooded most years and although years with no flooding do 

occur, these do not persist.  Under the Current scenario, time with no flooding lasts much longer 

than one year and flood events are typically separated by 5 or more years; even up to 15 years. 
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4.1.3.Wetland Vegetation 
The Habitat condition indices for ribbon weed suggest Zone F provided favorable conditions under 

the Natural scenario, but the reduction of small to moderate floods has severely impacted ribbon 

weed.  The effect of the flow scenarios depends on point of reference: compared with Current, the 

improvement is mostly negative or neutral (Table 3.2), whereas the same scenarios compared with 

Reference result in a negative to positive effect (from –7% to 3%). The 750c and 1500c scenarios 

improved wetland habitat conditions by 7 to 72%, suggesting that increased frequency of flooding 

would benefit this taxa.  However there may be other factors in Zone F that would preclude the 

establishment of ribbon weed, such as grazing, sedimentation and turbidity. 

The Main Menindee Lakes have become more suitable for cumbungi, in terms of water regime. This 

is due largely to water regime changing from periodic drying out (intermittent) to near permanent 

with drying being rare.  Nevertheless there are other aspects to the physical environment that could 

be equally important in determining suitability for cumbungi. For example, the lake edge substrate 

is sandy whereas cumbungi is typically found on clays and silts.  Also the lake edges are exposed to 

wind and wave action, and this would make establishment and persistence unlikely.   

4.1.4.Fish habitat condition 
Fish habitat condition in Zone F, between 0.51 and 0.80 with a zone mean of 0.66, was lower than 

in some other River Murray zones.  These lower values may reflect the actual situation or may be 

due to the inability to include the Menindee Lakes in this assessment (see below).  This meant the 

high value that their permanent waters represent to the Fish habitat condition of all species was not 

taken into account by the modelling.  Also the ‘boom and bust’ recruitment of some native fish 

observed after massive floodplain inundation in the unregulated Lake Eyre Basin (Puckridge 1999) 

is only partly captured by MFAT. Zone F is a more arid and ephemeral system with lower over 

bank flow thresholds than the River Murray. The real value of Zone F to native fish may therefore 

be as a site of high spawning and recruitment in flooding years. This is indicated in the highly 

variable fish habitat condition, spawning habitat condition and recruitment habitat condition for 

flood spawners at both Weir 32 and Wycot. 

Regulation reduced indices to 91and 73% of Natural in the Lower Darling River and Anabranch 

Channel.  The flow scenarios improved fish habitat condition between 2 and 8%.  Structural and 

Operational changes made a consistent improvement in fish habitat condition throughout Zone F (6 

to 11%). Based on the outputs from MFAT, considerable thought would need to be given as to the 

most effective means for native fish rehabilitation in the Darling River in Zone F. Options for large 
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and small scale hydrologic improvements and structural and operational changes and their relative 

cost and benefit need to be considered.  

 
Native fish habitat condition is generally poorer in Zone F than in other Murray Zones. This may 

represent the actual situation in the in-channel habitat, but does not reflect the results of surveys that 

demonstrate that the Menindee Lakes periodically support the large scale recruitment of native fish, 

and in particular, golden perch (MDFRC Mildura, unpubl. data). Unfortunately we were unable to 

include Menindee Lake in the fish assessment, as it was not linked to the Weir 32 flows but to a 

modelled flow file created to capture current operating rules for the lakes. Changes to the 

management of (in particular) the larger, semi-permanent lakes could have a significant effect on 

native fish populations in the Darling River. 

The MFAT provides only a measure of ‘Habitat condition’; it is not a population or abundance 

model. We need to remember this when interpreting the Zone F data as due to the ephemerality, low 

over bank flows and the model structure, a substantial increase of fish habitat condition in Zone F 

will probably produce a greater number of native fish recruits (particularly flood spawners) than 

concomitant increases in adjacent River Murray Zones. 

4.2. Constraints to recovery 
From a waterbird population perspective, flow improvements are critical to recovery. Existing 

levees, block banks, regulators and road embankments that prevent or reduce overland and channel 

flow to floodplain wetlands may reduce the effectiveness of flow improvements. Such impediments 

could become more common as the zone is developed further. Loss of vegetation due to permanent 

inundation at the Menindee Lakes and unsustainable grazing in parts of Zone F may constrain 

recovery of waterbirds, through reduced food sources and nesting habitat. There may be a lag in 

waterbird recovery until floodplain and wetland vegetation recolonise. 

Lakebed cropping, that is prevalent on most Anabranch lakes and the smaller Menindee Lakes, may 

constrain recovery of waterbirds, floodplain vegetation, wetland vegetation and fish through 

reductions to food availability (ie. invertebrates, Jenkins and Briggs 1995) and disruption of aquatic 

processes via reduced organic inputs. 

General constraints to the recovery of floodplain and wetland vegetation could occur due to loss of 

a viable propagule seedbank through lack of replenishment (ie. inadequate or infrequent flowering 

or fruiting opportunity) or through predation or disturbance of benthos by carp, cattle and vehicles. 

Seedlings may fail to establish due to grazing by feral animals, livestock and kangaroos.  In the hot 

dry climates in western NSW the effects of grazing and trampling by livestock are concentrated in 
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the riparian zone of rivers, and littoral zone of wetlands that are used as stock watering points. 

Constraints to the recovery of wetland vegetation on the Menindee Lakes include the sandy lake 

edge substrate due to regulation increasing water levels above the clay substrate.  Also the lake 

edges are exposed to wind and wave action, making establishment and persistence unlikely. 

4.3. Suggestions for future MFAT assessments 
Suggestions for future assessment with MFAT include:  

• Incorporate ecological modules for microinvertebrates, primary production and carbon/nutrient 

cycles as recent research (Jenkins and Boulton 1998, Burns and Ryder 2001, Watts and Ryder 

2001, Ryder in press) has shown these to be responsive indicators to water regime; 

• Model the ecological benefits of drying habitats that are now flooded too frequently; 

• Incorporate groundwater parameters; 

• Incorporate in-channel habitats and biota that respond to flow modifications (drying in some 

cases, flow variability, etc); 

• Fine tune ecological benefits with each scenario across drought versus wet periods; 

• Refine floodplain hydrology module; 

• Model the ecological benefits of floodplain inundation to fish recruitment for some species, 

based on outcomes from research on the unregulated Lake Eyre Basin (Puckridge 1999); 

• Undertake a program of field surveys in Zone F as the information base for waterbirds, 

vegetation and fish is inadequate. The Main Menindee Lakes have been surveyed on many 

occasions but apparently there have been no systematic comprehensive surveys of waterbird 

usage of the Anabranch Lakes and associated wetlands.  Surveys should include the extensive 

floodplain between Menindee Lakes and the Anabranch and benches and wetlands on the 

Lower Darling River. 

• Explore opportunities to incorporate the naturally high mobility of waterbirds and fish. 

Waterbirds and fish may move within and far beyond the zone in response to factors external to 

the modelled locality/zone. MFAT currently does not account for absence of mobile biota from 

the locality/zone despite local conditions apparently being suitable. 

• Refine the vegetation modules to optimise the representation of regeneration requirements. 
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6. Appendices 
6.1. Floodplain configuration and hydrologic calibration 
6.1.1.General 
The storages that were configured within each complex locality (Table 2.1) were chosen to: reduce 

repetition in configurations (ie. three lakes in one locality with almost identical parameters); reduce 

predicted repetition in ecological module outputs; and minimise problems with calibrating flood 

behaviour when too many storages are combined in a configuration.  

Configuration of floodplain hydrology for localities on the Anabranch using known commence to 

flow values for the lakes resulted in flooding occurring too frequently.  To counteract this, the 

commence-to-flow values were raised to attempt to reproduce historical flood frequencies.  There 

was a tradeoff between achieving target frequencies and filling the lake to maximum capacity. 

Duration was controlled in the floodplain configurations by adding a series of pipes at a range of 

depths that drained water from storages to mimic estimated rates of fall as floods receded to the 

storage sill level.  Below the sill level drying was influenced by evaporation rates, and these were 

set to reproduce recorded drying durations for storages.  A final outlet pipe with a very low flow 

rate was added to storages to ensure that they were able to dry. 

The waterbird module requires each locality to contain both a wetland storage (for breeding) and a 

floodplain storage (for foraging).  The definition of lakes as wetland storages in MFAT prohibited 

assessment of waterbird habitat condition, despite expert opinion that inland lakes with perennial 

vegetation such as lignum are utilised by waterbirds for both foraging and breeding.  To overcome 

this problem, lakes were configured as two storages, an inner wetland storage and an outer halo 

floodplain storage.  This approach was used on some lakes in Zone F (Popio Lake and Nearie 

Lake).  In all other cases the whole lake was configured twice, firstly as a wetland storage and 

secondly as a halo floodplain storage with identical parameters to the wetland storage. 

Alterations to hydrology were examined for a range of areas of floodplain inundations: 100% area, 

75% area, 50% area, 10% area and at the lake sill level (lake depth after flood recedes). 

Relationships were input between surface area and volume for each storage and these were used to 

determine the average depth for each volume of inundation.  Analysis was done in MFAT for each 

volume. 
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6.1.2.Northern Anabranch Lakes 
The main channel into the Anabranch commences to flow at 10,000 ML/d at Weir 32 or 5.48 at 

Menindee (Withers 1994).  The natural commence to flow level of all the lakes along the 

Anabranch is 500 ML/d in the Anabranch channel at Wycot gauge (Withers 1994, Nias 2002).  The 

lakes fill generally from north to south.  The sill levels for the lakes are roughly level with the 

Anabranch channel, although a flow of 1000 ML/d at Wycot gauge is required before a significant 

volume of water flows into the lakes (M. Erny Personal Communication).  Consequently block 

banks have been constructed across the inlets to most lakes to prevent losses of the annual stock and 

domestic flow to the lakes (Nias 2002).  One of the northern Anabranch lakes, Popiltah Lake, has a 

pipe regulator in the block bank that is opened during floods and Nearie Lake to the south has a 

bank with three large pipe regulators (Nias 2002).  Elsewhere the block banks are removed during 

floods, returning sill heights to levels similar to the Anabranch channel (500 ML/d).  The operating 

rules for opening and closing lakes during floods are implemented by Department of Land and 

Water Conservation (now Department of Infrastructure, Planning and Natural Resources) in 

consultation with the Darling Anabranch Water Trust, based on equity among landholders and 

historical frequency and duration of flooding (M. Erny Personal Communication, Nias 2002).  The 

Northern Anabranch Lakes locality was configured using natural parameters because the commence 

to flow levels are operated at close to natural levels, and it is likely that during a flood event that 

one northern Anabranch lake will be filled.  The flexibility in the operating rules and the absence of 

data on alterations to hydrological parameters made it impossible to configure the lakes using 

current parameters.  Our goal was to configure Popio Lake as a generic Northern Anabranch Lake. 

Under natural conditions the Anabranch flowed about two years out of three in the upper reaches, 

and less frequently downstream (Irish 1993).  Before European settlement the Darling River used to 

spill into the main channel of the Anabranch, a shallow inlet that passed through lagoons, about 55 

km south of Menindee (Withers 1994, Jenkins 1999).  Between 1869 and 1872 this main channel 

(‘the cutting’) was deepened, although the reported depth of the cutting (3 – 3.6 m, 19 or 22.5 km 

long, Withers 1994) appears incorrect based on a 1936 survey plan that shows the top of the bank 

was only 3 m above the bed of the channel (M. Erny Personal Communication). If the historical 

channel was 3 m shallower (58.19 m AHD, 40,223 ML /d at Menindee) than current levels (55.18 

m AHD, 10,050 ML / d at Menindee) (Bewsher 2000), then the cutting would have increased flows 

from 1 in 8.3 years (large floods) to 1 in 1.2 years (minor floods) (MFAT spell analysis using 

Natural scenario). This is unlikely and it is estimated that the cutting decreased the Anabranch CTF 

from 12,000 to 10,000 ML / d (M. Erny Personal Communication), producing an imperceptible 

increase in flood frequency.  
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After 1960 the frequency of minor to moderate annual flows in the Anabranch between 100 GL and 

500 GL was significantly decreased by the Menindee Lakes Scheme and regulation and diversions 

in the Barwon-Darling River (Irish 1993, Thoms and Sheldon 2000).  Flows in the Darling 

Anabranch were not gauged prior to construction of the Menindee Lakes storage between 1957 and 

1968 (Irish 1993).  However anecdotal records for Popio Lake indicate floods in 1890, 1904, 1911, 

1913, 1917, 1920, 1931, 1950, 1956, 1971, 1974, 1976, 1983, 1990 (14 in 100 years) with 

additional floods recorded in other Northern Anabranch Lakes in 1925, 1930, 1962, 1989 (total 18 

in 100 years for Northern Anabranch Lakes) (Withers 1994, historical records collected by Jenkins, 

NIAS 2002).  There were only 19 records of floods for the same 100 year period (1 in 5.3 years) in 

the Anabranch channel (Withers 1994, historical records collected by Jenkins, Nias 2002).   

The Natural flow scenario results in the lake filling (major flood) more frequently (1 in 3 years) 

than the actual historical records indicate (1 in 7 years, Withers 1994).  However it is considered 

that the small to moderate flows were probably not well recorded, with diary entries noting major 

floods that disrupted access and fencing.  In addition small flows have been blocked from entering 

lakes for more than a century (Withers 1994), so perhaps the actual flood frequency of lakes was 

reduced.  Under the Natural scenario flows of 10,000 ML / d with duration of 30 days (sufficient to 

reach and enter Northern Anabranch Lakes) were recorded at Weir 32 gauge on average 1 in 1.2 

years and this figure changed to 1 in 2.57 years under the Current scenario.  Under the Natural 

scenario flows of 500 ML / d with duration of 30 days (sufficient to enter Northern Anabranch 

Lakes) were recorded at Wycot gauge on average 1 in 1.4 years and this figure changed to 1 in 2.8 

years under the Current scenario.  

After floods fall in the Anabranch, water drains out of Popio Lake leaving ~ 0.6 m of water 

(Withers 1994).  Flood duration for the remaining water is around 12 months (Withers 1994, M. 

Erny Personal Communication).  After the flood in 1956 flows in the Darling River ceased to flow 

into the Anabranch on March 6 1957, and Popio Lake was dry by December 1957 (Withers 1994).   

Popiltah Lake held water for 2 years and Travellers Lake for 20 months (Withers 1994).  Under the 

Natural scenario Popio Lake held water greater than 0.9 m (3000 ha, 17278 ML) for more than 9 

months 28 times in 108 years (1 in 3.9 years) and under the Current scenario this was reduced to 13 

times (1 in 8.3 years). 
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Table 6.1.1 Hydrological behaviour of floodplain configuration for Popio Lake. 

Area 
Inundated 

Area 
(ha) 

Duration 
(days) 

Volume  
(ML) 

Depth 
(m) 

Natural Current % 
change 

75 % 4599 1 62787 2.3 1 in 1.3 1 in 3.3 59 
 

Table 6.1.2. Hydrological behaviour of floodplain configuration for Popio halo floodplain. 

Area 
Inundated 

Area 
(ha) 

Duration 
(days) 

Volume  
(ML) 

Depth 
(m) 

Natural Current % 
change 

100 % 568 1 6135 1.8 1 in 3.3 1 in 7.7 58 
100 % 568 30 6135 1.8 1 in 4.7 1 in 10.8 57 
 

6.1.3.Southern Anabranch Lakes 
The Southern Anabranch Lakes locality in the MFAT model contains one lake, Nearie Lake, that 

represents the type of infrequently flooded and deep lakes found in this part of the Anabranch.  

Only in major flood events does a significant volume of water reach the inlet to Nearie Lake (Irish 

1993). Flood volumes passing Wycot exceeded the 500 GL required to allow a significant flow into 

Nearie Lake in the following years: 1917 (540 GL), 1920 (660 GL), 1921 (1250 GL), 1950-51 

(2300 GL), 1956 (6700 GL) and 1971 (880 GL) (Irish 1993). For the period of 130 years between 

1864 and 1993, it was estimated that a significant initial flooding of Nearie Lake would have 

occurred under ‘Natural’ conditions on 14 occasions, suggesting a frequency of 1 in 10 years on 

average (Irish 1993).  Nearie Lake held water for 3.5 years after the 1956 flood, drying on 

December 31 1960 (Withers 1994).  It typically holds water for 3 years (Withers 1994).  

The inlet to Nearie Lake is altered by a block bank and pipes (3 x 700, 2 x 1000mm) and 2 x wheel 

operated steel slide gates (Nias 2002).  We did not incorporate these structural changes into the 

configuration for Nearie Lake, as flows to the lake are managed to mimic natural frequencies and 

durations under the 1995 Nearie Lake Memorandum of Understanding (Nias 2002).  It would not 

have been possible to configure a regulator on Nearie Lake that operated according to the principles 

of the memorandum. 

Table 6.1.3. Hydrological behaviour of floodplain configuration for Nearie Lake. 

Area 
Inundated 

Area 
(ha) 

Duration 
(days) 

Volume  
(ML) 

Depth 
(m) 

Natural Current % 
change 

75 % 1321 1 9768 .96 1 in 7.2 1 in 8.3  13 
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Table 6.1.4. Hydrological behaviour of floodplain configuration for Nearie halo floodplain 

Area 
Inundated 

Area 
(ha) 

Duration 
(days) 

Volume  
(ML) 

Depth 
(m) 

Natural Current % 
change 

100 % 339 1 5175 2.6 1 in 4.7 1 in 7.7  39 
100 % 339 30 5175 2.6 1 in 6.3 1 in 10.8  41 
 

6.1.4.Lower Darling Billabongs 
The Lower Darling Billabong locality contains one storage, a 100 ha and 2 m deep oxbow lagoon, 

that represents the type of billabong found in this reach of the river.  The billabong commences to 

flow at a discharge of 13000 ML / d at Weir 32, representing the level at which 50 % of wetlands in 

the Lower Darling River below Menindee are filled (Green et al. 1998).  Prior to regulation this 

flow occurred on average every 11 months, and currently occurs every 1.8 years (Green et al. 

1998).  More than half the billabongs in this reach hold water for durations longer than 7 months, 

with recorded durations up to 1-2 years (King and Green 1993, Green et al. 1998). 

Table 6.1.5. Hydrological behaviour of floodplain configuration for billabong and billabong halo 
floodplain. 

Area 
Inundated 

Area 
(ha) 

Duration 
(days) 

Volume  
(ML) 

Depth 
(m) 

Natural Current % 
change 

75 % 75 1 240 .32 1 in 2.2 1 in 4.2 47 
 

6.1.5.Unregulated Menindee Lakes 
Emu Lake floods during major floods in the Darling River, in the 7-17000 ML/d flow range at Weir 

32 (Green et al. 1998).  It was flooded in September 1989, April 1990, and September 1990 (Green 

et al. 1998).  During annual waterbird surveys over a 19 year period from 1983 to 2001, Emu Lake 

was flooded in 42 % of years (Kingsford et al. submitted 2003).  Emu Lake supports lignum on the 

lakebed and blackbox woodland around the margins (King and Green 1993). The only potential 

physical barrier against natural flow is a culvert crossing the creek line between river and the lake 

(King and Green 1993), although water still flows in quickly on the river side.  The lake is 

ephemeral and attracts a variety of waterbird species when inundated (King and Green 1993).  Emu 

Lake was configured with a commence to flow of 19000 ML/d, as a lower threshold resulted in 

flooding occurring too frequently. 

Table 6.1.6. Hydrological behaviour of floodplain configuration for Emu Lake and Emu halo 
floodplain. 

Area 
Inundated 

Area 
(ha) 

Duration 
(days) 

Volume  
(ML) 

Depth 
(m) 

Natural Current % 
change 

75 % 834 1 4758 .72 1 in 2.3 1 in 3.3 28 
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6.1.6.Main Menindee Lakes 
Prior to regulation of the lakes at Menindee in the 1960s, short creeks or overbank flows (<20 km) 

from the Darling River flooded the lakes (Kingsford et al. 2002).  Based on the levels at which 

lakes fill (Bewsher 2000), the first lakes to fill were Menindee Lake, Pamamaroo Lake and Tandure 

Lake, flooding every 1 in 2 years (Kingsford et al. 2002).  Lake Cawndilla filled every 1 in 3 years 

when Menindee Lake overflowed down Cawndilla Creek, filling Dry and Eurobilli Lakes first 

(Kingsford et al. 2002).  The Menindee Lakes Scheme, completed in 1968, diverts water to the 

main lakes from the Darling River.  The storage capacity in the lakes was increased and the flood 

duration altered so that the lakes dry less often and for shorter durations than naturally (Table 

6.1.7).  For example, under the Natural scenario Cawndilla Lake dried for 274 days every 1 in 12 

years, but dry durations of this length are not recorded under the Current scenario (Table 6.1.7).  

Similarly shorter durations of drying were reduced by up to 70 % under the Current scenario (Table 

6.1.7). 

The volumes in the main Menindee Lakes are modelled directly in MSM Bigmod. These modelled 

volumes were input directly into MFAT. This allowed the complex operating rules to be 

incorporated, as it would have been impossible to configure these in MFAT using flows at Weir 32. 

Table 6.1.7. Hydrological behaviour of floodplain configuration for Cawndilla Lake and Cawndilla 
halo floodplain. 

Area 
Inundated 

Area 
(ha) 

Duration 
(days) 

Volume  
(ML) 

Depth 
(m) 

Natural Current % 
change 

75 % 8025 1 181967 2.88 1 in 7.2 1 in 3.8 -87 
Dry 0 30 1 0 1 in 9 1 in 27 67 
Dry 0 180 1 0 1 in 10.8 1 in 36 70 
Dry 0 274 1 0 1 in 12 0  
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6.2.  Zone F ratio outcomes and Murray cod indices 
The comparison of scenario to Current (S/C) and scenario to Reference (S/R) for waterbird habitat 

condition suggests that all scenarios were half Natural except for 1500c (Tables 6.2.1 and 6.2.2).  

The median scores used did not detect subtle improvements due to the scenarios revealed by the 

mean values. 

Time series plots of scenarios v Current for vegetation indices suggest that some have no effect at 

all (indicated by median of 1, min = 1 and max = 1).  However the difference between the flow 

scenarios and the Current scenario is localised in time. For example the series ‘a’ Cap scenarios 

(350a, 750a, 1500a) tend to be effective in the 1930s whereas the series ‘b’ scenarios (350b, 750b, 

1500b) were effective in the 1950s. The series ‘c’ scenarios produced the most widely distributed 

benefits through time relative to the Current scenario. 

There is very little difference between the S/C and S/R ratios for fish habitat condition (Tables 6.2.1 

and 6.2.2). Only the 1500c scenario showed any improvement to median fish habitat condition. 

Changes revealed by the median statistic for the return of roughly 17% of flow to the system under 

the 1500c scenario resulted in only a 4% improvement in median fish habitat condition compared to 

a 7 % improvement in average conditions. 

Table 6.2.1. Ratio of scenario versus Current median and coefficient of variation for ecological 
indices computed over a 108 year period for Natural, Current, Reference and nine flow scenarios, 
without structural and operational improvements. 

 Waterbirds Floodplain 
vegetation

Wetland 
vegetation

Fish Zone 
overall 

 median CV median CV median CV median CV median CV 

Natural 2 0.27 1.08 0.29 1.94 0.32 1.18 0.01 1.39 0.28 
Current 1 0 1 0 1 0 1 0 1 0 
Reference 1 0.22 1 0.07 1 0.23 1 0.04 0.99 0.09 
350a 1 0.11 1 0.03 1 0.01 1 0.02 1 0.01 
750a  1 0.17 1 0.05 1 0.15 1 0.03 1 0.05 
1500a  1 0.2 1 0.06 1 0.18 1 0.04 1 0.07 
350b 1 0.11 1 0.04 1 0.06 1 0.01 1 0.02 
750b 1 0.21 1 0.08 1 0.16 1 0.03 1 0.06 
1500b  1 0.24 1 0.08 1 0.27 1 0.04 1 0.10 
350c 1 0.25 1 0.08 1 0.21 0.99 0.04 0.99 0.12 
750c 1 0.24 1 0.07 1 0.22 1 0.04 1 0.14 
1500c 1.23 0.32 1.11 0.25 1 0.37 1.03 0.1 1.11 0.31 
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Table 6.2.2. Ratio of scenario versus Reference median and coefficient of variation for ecological 
indices computed over a 108 year period for Natural, Current, Reference and nine flow scenarios, 
without structural and operational improvements. 

 Waterbirds Floodplain 
vegetation

Wetland 
vegetation

Fish Zone 
overall 

 median CV median CV median CV median CV median CV 

Natural 2 0.26 1.14 0.28 2 0.31 1.18 0.10 1.54 0.27 
Current 1 0.22 1 0.08 1 0.22 1 0.04 1.01 0.13 
Reference 1 0 1 0 1 0 1 0 1 0 
350a 1 0.24 1.01 0.09 1 0.22 1 0.03 1.01 0.13 
750a  1 0.24 1 0.10 1 0.23 1 0.05 1.01 0.14 
1500a  1 0.27 1.01 0.11 1 0.25 1 0.05 1.01 0.15 
350b 1 0.24 1.01 0.09 1 0.22 1 0.04 1.01 0.13 
750b 1 0.27 1 0.09 1 0.23 1 0.05 1 0.13 
1500b  1 0.26 1 0.08 1 0.26 1 0.04 1 0.08 
350c 1 0.28 1 0.10 1 0.27 1 0.05 1 0.13 
750c 1 0.28 1 0.11 1 0.29 1 0.04 1 0.20 
1500c 1.31 0.33 1.16 0.26 1.01 0.36 1.03 0.10 1.13 0.30 

 

 

Table 6.2.3. Mean and coefficient of variation for Murray cod fish habitat condition in Zone F with 
and without Structural and Operational (S&O) changes. 

 Zone F Zone F  
S&O 

Weir 32 Weir 32 
S&O 

Wycot  Wycot 
S&O  

 mean CV mean CV mean CV mean CV mean CV mean CV 
Natural 0.65 0.14 0.65 0.14 0.87 0.13 0.87 0.13 0.43 0.49 0.43 0.49 
Current 0.55 0.15 0.60 0.14 0.84 0.11 0.89 0.10 0.27 0.68 0.32 0.57 
Reference 0.56 0.15 0.61 0.14 0.84 0.11 0.89 0.10 0.28 0.68 0.33 0.57 
350a 0.56 0.16 0.61 0.14 0.84 0.11 0.89 0.10 0.27 0.68 0.32 0.57 
750a  0.55 0.17 0.60 0.16 0.83 0.13 0.88 0.12 0.27 0.68 0.32 0.57 
1500a  0.56 0.16 0.61 0.15 0.84 0.11 0.89 0.10 0.28 0.68 0.33 0.57 
350b 0.56 0.16 0.61 0.14 0.84 0.11 0.89 0.10 0.27 0.68 0.32 0.57 
750b 0.55 0.14 0.60 0.13 0.85 0.10 0.90 0.10 0.26 0.67 0.31 0.56 
1500b  0.56 0.13 0.61 0.12 0.86 0.08 0.91 0.07 0.26 0.67 0.31 0.56 
350c 0.55 0.15 0.60 0.14 0.83 0.12 0.89 0.12 0.27 0.64 0.32 0.53 
750c 0.57 0.15 0.62 0.14 0.85 0.11 0.90 0.11 0.29 0.62 0.34 0.52 
1500c 0.59 0.14 0.64 0.13 0.86 0.08 0.92 0.08 0.31 0.61 0.37 0.52 
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6.3. Locality indices 
Table 6.3.1. Mean and coefficient of variation for waterbird habitat condition computed for Zone F 
localities over a 108 year period for Natural, Current, Reference and nine flow scenarios. 

Waterbirds Northern 
Anabranch 

Lakes 

Southern 
Anabranch 

Lakes 

Northern 
Darling 

Billabongs 

Unreg. 
Menindee 

Lakes 

Main 
Menindee 

Lakes 
 mean CV mean CV mean CV mean CV mean CV 
Natural 0.58 0.49 0.25 1.25 0.58 0.55 0.26 1.31 0.52 0.39 
Current 0.27 1.30 0.17 1.61 0.31 1.18 0.19 1.57 0.68 0.23 
Reference 0.26 1.34 0.17 1.64 0.29 1.21 0.18 1.68 0.68 0.27 
350a 0.27 1.29 0.18 1.60 0.31 1.18 0.20 1.56 0.69 0.22 
750a  0.28 1.28 0.18 1.59 0.31 1.18 0.20 1.55 0.68 0.22 
1500a  0.27 1.28 0.18 1.59 0.30 1.20 0.21 1.53 0.65 0.22 
350b 0.27 1.28 0.17 1.61 0.31 1.18 0.20 1.56 0.68 0.23 
750b 0.27 1.28 0.16 1.73 0.30 1.20 0.19 1.60 0.68 0.23 
1500b  0.25 1.36 0.16 1.71 0.28 1.26 0.18 1.62 0.67 0.26 
350c 0.27 1.27 0.16 1.71 0.30 1.18 0.19 1.60 0.69 0.20 
750c 0.28 1.27 0.18 1.57 0.32 1.13 0.21 1.52 0.68 0.18 
1500c 0.43 0.81 0.24 1.28 0.50 0.70 0.28 1.19 0.00 10.07 

Table 6.3.2. Mean and coefficient of variation for floodplain vegetation habitat condition computed 
for Zone F localities over a 108 year period for Natural, Current, Reference and nine flow scenarios. 

Floodplain 
Vegetation 

Northern 
Anabranch 

Lakes 

Southern 
Anabranch 

Lakes 

Northern 
Darling 

Billabongs 

Unreg. 
Menindee 

Lakes 

Main 
Menindee 

Lakes 
 mean CV mean CV mean CV mean CV mean CV 
Natural 0.53 0.26 0.43 0.28 0.13 1.28 0.51 0.23 0.04 1.87 
Current 0.48 0.26 0.42 0.25 0.04 2.21 0.47 0.32 0.04 2.12 
Reference 0.46 0.28 0.41 0.24 0.04 2.63 0.44 0.37 0.05 2.11 
350a 0.48 0.24 0.42 0.25 0.04 2.25 0.47 0.32 0.04 2.26 
750a  0.48 0.24 0.43 0.24 0.04 2.21 0.47 0.32 0.04 2.23 
1500a  0.48 0.24 0.43 0.24 0.04 2.25 0.47 0.32 0.04 2.37 
350b 0.48 0.24 0.42 0.25 0.05 2.27 0.47 0.32 0.04 2.37 
750b 0.47 0.24 0.41 0.24 0.05 2.16 0.45 0.36 0.04 2.28 
1500b  0.47 0.27 0.41 0.24 0.04 2.49 0.45 0.36 0.06 1.97 
350c 0.48 0.24 0.41 0.24 0.06 2.20 0.45 0.36 0.04 2.35 
750c 0.48 0.25 0.41 0.25 0.06 2.05 0.46 0.32 0.03 2.54 
1500c 0.54 0.22 0.43 0.28 0.18 1.14 0.53 0.25 0 - 

Table 6.3.3. Mean and coefficient of variation for wetland vegetation habitat condition computed for 
Zone F localities over a 108 year period for Natural, Current, Reference and nine flow scenarios. 

Wetland 
Vegetation 

Northern 
Anabranch 

Lakes 

Northern 
Darling 

Billabongs 

Main 
Menindee 

Lakes 
 mean CV mean CV mean CV 
Natural 0.63 0.47 0.57 0.59 0.29 0.78 
Current 0.30 1.26 0.30 1.23 0.63 0.50 
Reference 0.28 1.34 0.29 1.26 0.55 0.62 
350a 0.30 1.26 0.30 1.23 0.63 0.50 
750a  0.30 1.26 0.30 1.22 0.64 0.48 
1500a  0.30 1.28 0.30 1.25 0.63 0.49 
350b 0.30 1.27 0.30 1.23 0.63 0.50 
750b 0.27 1.37 0.30 1.23 0.62 0.54 
1500b  0.27 1.38 0.27 1.34 0.61 0.54 
350c 0.27 1.35 0.30 1.24 0.61 0.53 
750c 0.31 1.21 0.32 1.18 0.65 0.48 
1500c 0.49 0.76 0.50 0.72 0 - 
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6.4. Suggestions for future work with MFAT 
6.4.1.MFAT hydrology 
Some modifications to the floodplain hydrology module of MFAT are suggested to more accurately 

represent the hydrologic properties of wetland and floodplains. However some of these changes will 

require data on wetland hydrological behaviour that is generally not available. In addition to 

changes to MFAT hydrology, more data need to be recorded for wetland flooding and drying events 

to allow calibration of the model.  There are very few gauges on wetlands in the Murray-Darling 

Basin, most occurring in the main river channel. 

Currently, the definition of pipes in MFAT, which connect wetlands and floodplains to the river, 

only enable a commence-to-flow and a rate of flow to be specified.  This results in:  

• Wetlands and floodplains in the model tending to fill completely or not fill at all. There is a trade-

off between selecting a commence-to-flow that matches the data for the first water entering a 

wetland and a commence-to-flow that matches the frequency with which the wetland is 

completely filled; 

• Wetlands filling if the duration of the period above the commence-to-flow is long enough, 

regardless of whether this is possible given the level of the river; 

• Difficulty in modelling the volume of water in halo floodplains since this volume is actually a 

function of the volume in the main lake yet the model requires it to be a function of the duration 

that the lake volume is above the commence-to-fill of the halo; 

• Inaccuracy in modelling rates of rise and fall. Because of the way pipes are defined in MFAT, the 

filling and draining of each wetland or non-shedding floodplain will essentially occur at a fixed 

rate. The rates of rise and fall are fixed by the options chosen for the pipes and are, to a 

considerable extent, independent of the scenario that is being examined. Improved accuracy in 

modelling of rates, is important in the following MFAT components: 

o Wetland vegetation model - Adult - Rate of depth change 
o Wetland vegetation model - Recruitment - Rate of depth increase 
o Wetland vegetation model - Recruitment - Rate of depth decrease 
o Waterbird model - Breeding - Rate of Fall 
o Waterbird model - Foraging - Depth variability. 

 

Using more than one pipe can reduce these problems, each with a different commence to flow level. 

The use of multiple inlet and outlet pipes, does provide a closer approximation by replacing a single 

fixed rate of water level rise with multiple fixed rates.  
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There is a difference between water level and average water depth. MFAT calculates the average 

depth of wetlands and floodplains. Depending on the shape of the wetland or floodplain, a change in 

average depth may differ considerably from a change in water level.  The following "depth" terms 

would be more accurately expressed in terms of level: 

o Wetland vegetation model – Adult – Rate of depth change 
o Wetland vegetation model – Recruitment – Rate of depth decrease 
o Wetland vegetation model – Recruitment – Rate of depth increase 
o Waterbird model – Breeding – Rate of fall 

 

There is a difference between average depth and the depth for key parts of the wetland or 

floodplain. In particular, the average depth of a floodplain may change little as the flow increases 

but the depths for key vegetation types may exceed critical levels. In part this can be addressed by 

adjusting the inundation depths for wetland and floodplain vegetation to account for the 

idiosyncrasies of the wetland. However a generic relationship with depth could be used if the model 

was based on levels and the key vegetation types were assigned to a range of ground surface levels. 

6.4.2.Suggestions for MFAT Hydrology 
1. Supply water level output for wetlands and floodplains rather than flows using BIGMOD. In 

most cases it will be safe to assume that the level in the wetland or floodplain is the same as that 

in the river. The modelling of those cases where this is assumption is not appropriate, (i.e. Hattah 

Lakes and the Darling Anabranch lakes), could be done explicitly in BIGMOD. 

2. Specify wetlands and floodplains by a water level/surface area table. 

3. Define a wetland sill level below which there is no connection with the river. Levels above the 

sill should be the same as the river. Below sill level, the water level should decrease in 

accordance with monthly evaporation estimates. 

4. Regulators could be specified which would artificially increase the sill level in specified months.  

5. Those parameters that relate to change in water level should be calculated directly from the 

water level. 

6. For those cases where depth is required: 

• The ground surface level range of the feature should be specified (i.e. blackbox occur between 

120 and 123 m AHD), and 

• Either the average depth of that feature should be determined or the areas of the feature 

occurring within say 0.1 metre increments should be calculated by the model and the depth of 

water covering those areas should be processed separately. 
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6.4.3.Waterbird module 
In the waterbird module for MFAT, only Area Inundated (Breeding), Dry Period and Nesting 

Vegetation can be made locality specific. If changes were made to any other SRP Default 

Preference Curves, and to the Weightings within the module, they were replicated at all localities. 

These constraints limited our ability to treat each locality according to the prevailing local 

circumstances.  

6.4.4.Floodplain habitat condition: Multiple floods, RHC and rainfall 
Recruitment habitat condition (RHC) is set up to be optimal in a two-stage process, with 

Germination in year one and Seedling Establishment in year two.  The two-year approach is rigid, 

and therefore MFAT misses (ie does not detect) appropriate conditions if these both occur within a 

year.  An example of this might be a spring flood followed by a late summer –autumn flood.  It is 

recommended that MFAT be adjusted to look for follow-up floods for seedling establishment 

within a specified time frame, and not be restricted to the following hydrological year.  

An even greater refinement of RHC would be if local rainfall could be factored in.  Heavy rainfall 

events during the warmer seasons in Zones E and F alleviate water (and heat) stress.  Species such 

as Black Box, Lignum and many ephemeral herbs respond rapidly, with new leaf growth and 

flowering, and such rainfall events could also be important in seedling survival. 

The score at the Main Menindee Lakes is probably due to the halo floodplain configuration, with the 

same dimensions for the lake being used to define both the lake proper and halo floodplain, and thus 

referring to the whole lakebed.  This may not be appropriate for a floodplain species as evident in 

the indices for floodplain vegetation habitat condition is zero for ten consecutive years at a time, 

including a 20-year period spanning the 1940s. 

6.4.5.Wetland habitat condition: Inundation depth 
In MFAT, inundation depth (ID) is expressed in relation to the site, and is a fixed attribute that does 

not vary with locality.  Usually, depth tolerated is considered a species attribute.  Localities in 

MFAT may differ in depth and in benthic morphology, hence using a single ID value ignores site  

differences.  It is recommended that ID be made either locality-specific or a species attribute that is 

then referred to using spatially-explicit information such as the Volume-Area curve.  The latter 

would make the Preference Curve consistent, in always referring to species.   
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