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1. Background & Introduction.
1.1. The Darling Anabranch.
The following information is extracted from the tender documentation provided for the project
(Contract No: MD 163.07, Prepared by: NSW Dept of Commerce).
The Great Anabranch of the Darling River (henceforth the Darling Anabranch) is an ancestral path
of the Darling River, which extends 480km from it’s off take on the Darling River (50 km south of
Menindee, NSW) to its downstream junction with the Murray River (15 km west of Wentworth,
NSW). The Darling Anabranch is a naturally ephemeral stream which under natural conditions
would only receive inflows when flows in the Darling River reach 10,000ML/day.
Following construction of the Menindee Lakes system in the 1960’s, an annual replenishment flow
of 50,000ML/yr was provided to the Anabranch properties. A series of 17 block banks and weirs
were constructed across the Darling Anabranch and were used to pond the replenishment flow.
Landholders use about 3,000 ML/annum from these weir pools, with the balance accounted for by
transmission losses, evaporation, riparian vegetation, wildlife and seepage. Little of the
replenishment flow reaches the Murray River. The current water management regime has led to an
increase in sedimentation, salinity, contributions to groundwater and has provided conditions that
favour some non-native fish species.
Darling Anabranch water quality is poor compared to both the Darling and Murray Rivers. This is
due to both the poor water quality of the replenishment source water (Lake Cawndilla) and the
subsequent ponding of this water in the weir pools. Salinities are high due to the Lake Cawndilla
source water being more saline than the other Menindee Lakes, evaporation during ponding and
highly saline groundwater intrusions. Blue-green algal blooms are common during summer in many
of the Anabranch weir pools.
The Darling Anabranch Management Plan (Nias 2002) proposed to supply the stock and domestic
requirements of the landholders via a pipeline with an adaptively managed environmental flow. The
Environmental flow is to be provided from Lake Cawndilla into the Darling Anabranch channel
resulting in an ‘end of stream’ flow. The existing block banks (in stream structures) are to be
modified or removed to reduce the ponding of the environmental flow water.
For the past 40 plus years an annual replenishment flow of 50,000 ML at a maximum of 900 ML/d
has been released from Lake Cawndilla (Menindee Lakes) when available. This water was
maintained behind the various block banks / regulators and achieved little to no end of system
flow into the Murray River.
The Darling Anabranch Project aims to create a more natural wetting-drying cycle through the
release of an environmental flow of approximately 60,000 ML at a maximum rate of 2,000 ML/day
every 2 to 3 years on average (when water is available in Lake Cawndilla). The release will take
place over about 6 weeks depending on the lake outlet capacity, stipulated discharge rate, and
desirable ramping up and ramping down periods. With the various block bank / regulators removed
an end of system flow is anticipated to be achieved. Operation of the environmental flow is via
releases from Lake Cawndilla through the Packers Crossing Regulator (approx 30 km south of Lake
Cawndilla). Investigations are currently being undertaken to determine the most appropriate
downstream structure (Oakbank Regulator or Warra’s Dam) to control end of system flows into the
River Murray. There is no control structure (except the natural channel) for flows from the Darling
7

River. It is preferable that the release time is varied over the years, rather than occurring in the same
months every time.
There is some potential for environmental flows in the Darling Anabranch to be generated through
the Darling River during periods of moderate to high flows (> 10,000 MLday-1 ), if environmental
flows are unable to be to be delivered from Lake Cawndilla.

1.2. Overarching Approval Conditions

Commonwealth Dept of Environment and Heritage
The following conditions relate to this Adaptive Management Monitoring Program as required by
the Commonwealth Dept of Environment and Heritage for the Project:
Prior to the commencement of construction of in-stream infrastructure, the person taking the action
must submit for the Minister’s approval, an adaptive management and monitoring program for
assessing the effectiveness of the proposed environmental flow regime and other management
strategies on listed threatened species. The program must include:
a) clearly defined environmental objectives for the Darling Anabranch;
b) a targeted monitoring program to indicate how well the environmental flow regime and
other management strategies are achieving the objectives defined above in (a), that includes
monitoring of:
i. water quality parameters;
ii. riparian and aquatic vegetation;
iii. frog and native fish populations; and
iv. waterbird populations.
c) a process for incorporating data provided by monitoring and other investigations into
models to describe ecosystems processes; and
d) a review process that analyses change in the Darling anabranch environment,
assesses the effectiveness of current management practices, and reports the findings of this
process to all relevant authorities.
The above conditions of the Commonwealth Dept of Environment and Heritage must be
satisfactorily included and dealt with as part of the Adaptive Management Monitoring Program

1.3. Description of services

This document provides for:


Development of appropriate, clearly defined and measurable ecological objectives for the
Darling Anabranch;



Development of systematic, scientifically robust condition and intervention monitoring
programs;



Identification of an adaptive management cycle that will allow for;
8

o Compiling the data generated from implementation of the monitoring program in an
annual report;
o Analysing changes in ecological condition resulting from the implementation of
environmental flows and other management strategies;
o Reporting against progress towards the defined ecological objectives;
o Incorporating data provided by monitoring and other investigations into models to
describe ecosystems processes to improve knowledge of ecological function and
responses to interventions
The Monitoring Program will allow for the generation of knowledge required to inform decision
making processes in the Adaptive Management of in-stream processes and environmental flow
releases in the Darling Anabranch. The Monitoring Program has been developed specifically for
monitoring of environmental flows, but the approach taken ensures that the program is applicable to
monitoring the outcomes from any flow event, including regulated and non-regulated flood’s which
induce flow into the Anabranch from the Darling River. Being able to compare ecological responses
to managed and natural floods will be an essential component of the adaptive management process
to ensure that maximum environmental benefits from minimal water resources are being achieved.
It is important to recognise that the Darling Anabranch Lakes form an integral component of the
Darling Anabranch as a functioning ecosystem. However, it is considered that including the
Anabranch Lakes in the monitoring program is beyond the scope of this project due to various
factors including:


That the primary focus of the overarching project is the use of environmental flows from Lake
Cawndilla and modification of the existing in-stream structures to improve ecological condition;



The magnitude of environmental flows deliverable from Lake Cawndilla will constrain benefits
primarily to the channel and riparian zone;



The complexity of issues influencing the management of the Anabranch Lakes; and



The restricted time line for delivery of this project.

Consideration should be given to development of a monitoring program for the floodplain lakes
either in a process separate to the Darling Anabranch AAMP or in future iterations of this
monitoring program.

2. Monitoring Program Structure – consistency with The Living Murray:
In accordance with The Living Murray (TLM) monitoring programs, the document will separate
condition monitoring, intervention monitoring and compliance monitoring. The following sections
outline the key difference’s between these monitoring types.
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2.1. Condition Monitoring
Condition monitoring seeks to provide a “moment in time” or “snap-shot” of community/population
condition, and does not attempt to demonstrate cause-and-effect relationships associated with
environmental flows and other associated management interventions. Regular time series data of
these “snap-shots” will allow assessment of progress towards achieving the defined ecological
objectives. In accordance with The Living Murray Outcomes Evaluation Framework (Draft
Minimum Standards Document, 2006), the condition monitoring components of the Adaptive
Management Plan will seek to:
“determine the change in the environmental condition of the Darling Anabranch resulting from
water application and implementation of works programs” .
Parameters that will be monitored in the condition monitoring component of the program and
consequently can be included in annual reports include components of each of the major group’s
hydrology, vegetation condition, frogs, waterbirds and groundwater/soil condition. Parameters
dependent on the presence of surface water within the Darling Anabranch (e.g. fish, water quality
and aquatic invertebrates) will only be monitored in the Intervention Monitoring Program.
2.2. Intervention Monitoring
The intervention monitoring program structures monitoring effort within a scientifically rigorous
hypothesis based experimental framework with environmental flows and natural floods
(uncontrolled flows) treated as experiments to demonstrate cause-and-effect relationships between
environmental responses (e.g. improvement in ecological condition) and management interventions.
In accordance with The Living Murray Outcomes Evaluation Framework (MDBC, 2006), the
intervention monitoring components of the Adaptive Management Plan will seek to:
“assess the ecological response to interventions or environmental management actions” .
2.3. Compliance Monitoring
Compliance monitoring is directed at any negative environmental impacts that may be generated as
a result of the intervention; e.g. salt load, blackwater events, blue-green algal blooms. Because
environmental flows have the potential to mobilise high salt loads to the River Murray, the impacts
of water application will need to be monitored. Potential impacts of harmful or nuisance algal
blooms on downstream users should also be considered. Some background information on these
issues is provided in the following sections. However, as previously stated, development of clearly
identified practices to manage compliance issues associated with management of the Great Darling
Anabranch should be developed and addressed elsewhere by the relevant authorities.
2.3.1. Salt Loads:

Although the Darling Anabranch is currently dry (subsequently there is no saline water within
remnant pools), the lower reaches of the Darling Anabranch are recognised as gaining reaches
(saline groundwater enters the channel) and there will be a net export of salt from the Anabranch
into the River Murray during flow events. Development of strategies to manage and account for the
impacts of this salt load will need to be guided by the Murray Darling Basin Commission (MDBC)
and the various programs for management of salinity within the Murray-Darling Basin.
Consequently, development of a robust set of targets, an appropriate monitoring and reporting
10

program, and rules for end-of-system flows to manage salt impacts are beyond the scope of this
Monitoring Program. It is however recognised that salinity and flow monitoring in the River
Murray both upstream and downstream of the confluence of the Darling Anabranch, and within the
Anabranch (e.g. at Oakbank Dam) will be required in order to quantify and manage salt loads and
associated salinity impacts.
The system currently maintained by the South Australian Department of Water, Land and
Biodiversity Conservation (DWLBC) in the Lower River Murray to monitor salinity is comprised
of numerous strategically located monitoring stations, each consisting of a pontoon anchored in the
channel. The pontoons have an electrical conductivity (EC) sensor mounted on them, connected to a
logger housed in a locked metal box. The logger records stream EC (not temperature compensated)
and temperature every 30 min. This setup is powered by batteries charged by a solar panel mounted
on the pontoon. Team members from the Berri Hydrometric Unit (Knowledge and Information
Division, DWLBC) are responsible for managing the EC monitoring sites. The Hydrometric Unit
performs monthly site visits, in which the EC sensors are checked and cleaned, and the data from
the loggers is downloaded. The data is verified, corrected for temperature and entered onto the
Hydstra database at the Berri DWLBC offices. Flow (MLday-1) recorded at the respective Lock and
Weirs is used in conjunction with the in-stream measurements of salinity to calculate salt load. It is
anticipated that a direct extension of this network would be the most appropriate system to
implement.
2.3.2. Algal Blooms

Phytoplankton are an important element in the ecology of rivers, and floodplain lakes.
Cyanobacteria (blue-green algae) are a naturally occurring phytoplankton, usually represented in
low cell concentrations. However, factors such as the establishment of stratified conditions and
nutrient pulses (from sediments or inflowing water) can generate conditions conducive to
phytoplankton (algal) blooms.
The following is adapted from Brookes et al., (2007). There are two scenarios where the
development of cyanobacterial blooms in the Darling Anabranch could represent a potential hazard
to public health and/or water supply:
1. cyanobacterial populations that develop within isolated sections of the channel as it becomes
isolated from the Lock 9 weir pool post- cessation of flow
2. cyanobacterial populations that develop within the channel during end of system flows that
enter the main river channel (Lock 9 weir pool)
These two scenarios represent different risks. Blooms that develop within isolated sections of the
Darling Anabranch channel post- cessation of flow will have no impact on the main river channel,
although these blooms may be locally significant. It is considered unlikely that the development of a
phytoplankton bloom within isolated sections of the Anabranch will induce long-term or ecological
damage within reaches that are disconnected. However, if a bloom that develops in the Darling
Anabranch enters the main river channel (Lock 9 weir pool) this may be a significant source of
toxins or taste and odour compounds. The hazards associated with cyanobacteria range from public
health related toxicity issue to aesthetic water taste and odour issues. The toxins produced by
cyanobacteria include both hepatotoxins (liver damaging) and neurotoxins (nerve damaging). The
taste and odour compounds produced by cyanobacteria are geosmin and methyl-isoboreol (MIB).
These compounds are difficult to remove with conventional water treatment and require expensive
activated carbon for adequate removal.
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Strategies to manage risk

Development of strategies to manage and account for the impacts of algal blooms in the River
Murray that may arise from end-of-system flows will need to be guided by the MDBC and the
various agencies responsible for management of in-stream water quality and treatment of water for
potable use. Consequently, development of a robust set of targets, an appropriate monitoring and
reporting program, and rules for end-of-system flows to manage potential impacts of algal blooms
are beyond the scope of this Monitoring Program. However, it will be important that environmental
flows in the Darling Anabranch are timed to avoid periods of low flow in the main river channel to
avoid supplying nutrients to the river at times of thermal stratification. A combination of lower than
normal flow in the river and higher than average temperatures would provide the worst case
scenario for persistent stratification.

3. Monitoring Program Content – consistency with The Living Murray:
A list of overarching objectives and variables for fish, vegetation and birds for condition monitoring
at The Living Murray Icon sites are presented in the Outcomes Evaluation Framework (MDBC,
2006). TLM objectives and variables that may be considered relevant to the Darling Anabranch
Adaptive Management Monitoring Program are presented below. It is important to note that the
objectives listed in Section 3.1 and 3.2 are specific to the TLM icon sites (MDBC, 2006) and are
not necessarily directly applicable to the Darling Anabranch. They are simply presented here to
provide background and for comparative value.
3.1. Ecological Objectives for The Living Murray Icon Sites:

Fish Assemblage:
Objective:

Sustainable communities of channel specialists (e.g. Golden Perch, Silver Perch,
Murray Cod, Catfish), non-channel ( and low flow) specialists (e.g. Australian
Smelt, Bony bream, Gudgeon spp) and Channel generalist (e.g. Crimson spotted
rainbow fish, Carp gudgeons, Hardy heads), fish assemblages.

Variables:

Species diversity, relative abundance, distribution, age structure

Fish Species:
Objective:

Viable populations of Murray Cod, Golden Perch, Catfish and restrict populations of
Common Carp

Variables:

Abundance, distribution, age structure, spawning, recruitment

Bird Assemblages:
Objective:

Sustainable communities of colonial nesting waterbirds, waterfowl, waders and
passerine birds*
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Variables:

Species diversity, relative abundance, distribution, breeding

*This objective has subsequently been revised and is anticipated to be superseded with the
following:
“Provide suitable habitat, including breeding habitat in some years, for a wide range
of waterbird and water-dependent species”.
Vegetation Assemblages:
Objective:

Sustainable communities of and terrestrial plant assemblages

Variables:

Diversity, relative abundance, distribution

Vegetation Species:
Objective:

Viable populations of river red gums and black box

Variables:

Relative abundance, distribution, age structure, condition, recruitment

“A healthy river system may be defined as one that can support sustainable or viable biological
communities. Sustainable populations of native flora and fauna are those where birth and mortality,
and immigration and emigration rates maintain the population above threshold levels (i.e. below
which a viable population could not be established). Furthermore, sustainable populations require
adequate habitat and food sources, along with connectivity between sub-populations to enable
dispersal and hence immigration and emigration” (MDBC, 2006).
3.2. Management Interventions:

The types of management interventions applicable to the Icon Sites in The Living Murray program
are presented in the Outcomes Evaluation Framework (MDBC, 2006). The TLM interventions that
may be considered relevant to the Darling Anabranch Adaptive Management Monitoring Program
are presented below.
Flow Enhancement:
Manipulation of flow hydrographs through (i) release of environmental water allocations from
storages, or (ii) the use of storages to re-regulate surplus flows.
Retaining waters on floodplain:
The use of regulators (block banks) to retain water following flood recession. This may act as a
substitute for some of the functions of a long flood hydrograph.
Within the context of current management of the Darling Anabranch this could be regarded as the
use of existing banks (Warra’s Bank or Oakbank Dam) to prevent poor quality water from entering
the Lock 9 Weir Pool, thereby artificially extending the duration of channel inundation.
Re-snagging:
The re-instatement of woody debris along the main channel to improve fish habitat.
Fishways:
Enable fish to move from below to above regulation structures.
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Dredging:
Removal of sand (silt).
Within the context of the Darling Anabranch, re-snagging and dredging (excavation) activities may
be implemented as methods to facilitate scour that will contribute to reinstating deep pools.
These TLM specific objectives are refined to be applicable to the Darling Anabranch in Section 6.

4. Development of the Monitoring Program
The Darling Anabranch Adaptive Management Monitoring Program (DA AMMP) was developed
within the seven step process described and implemented by Scholz et al, (2005). The process
utilised in developing the DA AAMP is described in the following sections. It is important to note
that Steps 6 and 7 are beyond the scope of the development of the DA AMMP. These steps need to
be applied when the monitoring programs are implemented.
Step 1. Define monitoring scale, ecological values, and ecological objectives
Define the spatial scale of the monitoring effort; identify ecological values that are of management
and stakeholder concern; determine relevant ecological objectives.
The tender documentation provided for the project (Contract No: MD 163.07, Prepared by: NSW
Dept of Commerce) specifies that the monitoring program needs to be applicable to the following:
•
•
•
•

environmental flows from Lake Cawndilla via Packers Crossing
Flow and Flood Flows from Darling River via the Darling Anabranch’s natural channel
Localised Heavy Rainfall Events
Flow and Flood Flows from the Darling River with the addition of an Environmental flow to
improve potential environmental benefits of the event.

In accordance with this directive, the monitoring program has been developed in such a way as to
be directly applicable to all flows i.e. the same research approach (hypothesis, methods, sites) will
be useable regardless of how the water is delivered. Indeed, determining how the ecological
response to an environmental release from Lake Cawndilla compares to a "natural" flood will be a
key component of the adaptive management program.
Spatial Scale of the Monitoring Program:

The spatial scale of the DA AMMP is largely defined by the geomorphology of the Darling
Anabranch. Monitoring sites will be located (i) between Lake Cawndilla and Junction Dam; (ii)
within the main reach of the Darling Anabranch downstream of the Junction Dam and upstream of
the influence of the Lock 9 weir pool (i.e. upstream of Oakbank Regulator) (iii) within the
permanently inundated zone of the Darling Anabranch between the junction of the River Murray
and the upper end of the Lock 9 weir pool; (iv) the upper end of the Darling Anabranch between the
Anabranch Junction Regulator (Junction Dam) and the junction of the Darling River. It is
considered likely that compliance monitoring sites will need to be established in the River Murray.
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The term “reference” site is often used to describe sites that are deemed to be representative of
either (i) the perceived state of the environment prior to human induced disturbances; or (ii) a
desired “end point”. Similarly the term “control” site is often used to describe sites that are similar
to the impact sites but do not have the intervention applied. Representative “reference” and
“control” sites do not exist for the Darling Anabranch. As the terms “reference” and “control” sites
are typically taken to have well defined meanings (and are typically used in BACI style programs)
the use of these terms is avoided in this monitoring program.
Monitoring sites located in the section between:
•
•

Lake Cawndilla and upstream of Junction Dam (Redbank Creek and Packers Crossing)
The main reach of the Darling Anabranch downstream of the Junction Dam and upstream of
the influence of the Lock 9 weir pool (i.e. upstream of Oakbank Regulator),

These sites can be considered as “primary” sites, and will allow for assessment of the influence of
environmental flows on factors such as scour, impacts on water quality between the source (Lake
Cawndilla) and the end of the system, and fish recolonisation.
Monitoring sites will also be located in the section between:
•
•

the permanently inundated zone of the Darling Anabranch between the junction of the River
Murray and the upper end of the Lock 9 weir pool;
the upper end of the Darling Anabranch between the Anabranch Junction Regulator
(Junction Dam) and the junction of the Darling River (This reach will not be inundated via
flows generated by controlled releases from Lake Cawndilla but during unregulated flows,
the sites in the upper end of the Anabranch will be inundated).

These sites do not function as true “controls” but will allow for the use of a “lines of evidence”
approach to assessing ecological response to environmental flows.
The EIS defined five reaches along the Darling Anabranch for use in the hydrologic, hydraulic and
geomorphic assessments (Fig. 1). The reaches were selected based on hydrology and physical form
(e.g. channel geometry, gradient) and were:
1.
2.
3.
4.
5.

Cawndilla Outlet to Packers Crossing
Packers Crossing to Junction Dam
Junction Dam to 183 Dam
183 Dam to Warras Dam
Warra’s Dam to Murray River

For implementation of the Adaptive Management Monitoring Program, it is recommended that
reaches 1-2 be combined, 3 and 4 be retained, but that reach 5 be split to identify the zones above
and below the area influenced by the Lock 9 weir pool, and that the reach from upstream of
Junction Dam to the Junction of the Darling River be included.
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Condition Monitoring

The reaches proposed for use in the Condition Monitoring Component of the Adaptive Management
Monitoring Program are:
1.
2.
3.
4.
5.
6.

Cawndilla Outlet to Junction Dam
Darling River to Junction Dam
Junction Dam to 183 Dam
183 Dam to Warra’s Dam
Warra’s Dam to the zone permanently inundated by the Lock 9 weir pool
Downstream of the zone permanently inundated by the Lock 9 weir pool to the River
Murray

Three spatially separated monitoring sites will be established within each reach.
Intervention Monitoring

For the Intervention Monitoring Program (fish, frog and invertebrates) sites will be located at six
predetermined reaches;
1.
2.
3.
4.
5.
6.

Lake Cawndilla
Upper Darling Anabranch (between Junction Dam and the Darling River)
Upstream of Junction Dam
Upstream of the existing site of Dam 183
Upstream of Warra’s Dam
Downstream of the zone permanently inundated by the Lock 9 weir pool to the River
Murray

Reach 1 and 2 will be rotated according to the source of the flow; i.e. Lake Cawndilla or the Darling
River. This will allow an assessment of the fish population in the source water, and provides a
baseline for assessment of downstream dispersal/migration. In the scenario where flows are
originating from both sources, the program should be expanded to include all six reaches. The same
reaches will be assessed in the invertebrate and frog sampling program. Three spatially separated
monitoring sites will be established within each reach.
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Figure 1. Map of the Darling Anabranch depicting reaches defined in the Geomorphology
assessment of the EIS (source, EIS; Appendix U) for the Anabranch Pipeline Project. The reaches
proposed for use in the Condition Monitoring Component of the Adaptive Management Monitoring
Program are (1) Cawndilla Outlet to Junction Dam; (2) Darling River to Junction Dam (3) Junction
Dam to 183 Dam; (4) 183 Dam to Warra’s Dam; (5) Warra’s Dam to the zone permanently inundated by
the Lock 9 weir pool; and (6) Downstream of the zone permanently inundated by the Lock 9 weir pool
to the River Murray.
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Development of Ecological Objectives:

The ecological objectives defined in the Darling Anabranch Management Plan (Nias, 2002) and the
anticipated benefits/risks (associated with implementation of an e-flow regime within the Darling
Anabranch EIS) identified in the EIS; and the approval conditions specified by the Commonwealth
Dept of Environment and Heritage were used as preliminary objectives.
Darling Anabranch – Previously Defined - Overarching Ecological Objectives:

The Darling Anabranch Management Plan (Nias, 2002) states:
•

The present 50,000 ML/a annual release and ponding in seventeen pools is not natural, and
provides ideal breeding conditions for blue-green algae and carp;

•

Drying out of part or all of the Anabranch for periods of time is expected to improve the
environment overall as it would more closely replicate the natural wetting and drying cycle;

The implementation of an environmental flow regime and the removal/modification of blockbanks
is anticipated to allow achievement of the following objectives (Nias, 2002):
•
•
•
•
•
•
•
•
•

Improved water quality;
Healthy vegetation with few weeds;
Stable topsoil and banks;
Lowered water table;
Reduction in exotic fish, particularly Common carp;
Reintroduction of native aquatic (including yabbies), riparian and avian fauna;
Maintenance of snags and deep holes;
Greater diversity of water plants;
More diversity of bird species.

Jenkins (1999) anticipated that the benefits of reinstating a more natural flow regime would include:
•
•
•
•

Cleaner water via reintroducing inherent nutrient and carbon cycles
Promote movement of native fish
Reduction of aquatic species and blue-green algae; and
Riparian vegetation health

Approval conditions specified by the Commonwealth Dept of Environment and Heritage include
monitoring of:
•
•
•
•

water quality parameters;
riparian and aquatic vegetation;
frog and native fish populations; and
waterbird populations.
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These issues are concisely presented as an overarching ecological objective to “Restore a flow
regime to the Darling Anabranch which closely mimics the natural flow regime so that plant and
animal communities and ecological processes are largely restored”.
Refinement of Ecological Objectives:

The ecological objectives previously described in the EIS and DAMP (Nias, 2002) were refined by
comparison with objectives and targets previously developed for the Chowilla Floodplain (SA –
NSW component; excluding Lindsay-Mulcra-Wallpolla Islands), The Lindsay-Mulcra-Wallpolla
(Victrorian) component of the Chowilla Floodplain Icon Site and the Gunbower-KoondrookPerricoota Icon Sites, review of relevant published literature (e.g. Integrated Monitoring of
Environmental flow documentation) and expert panel discussions.
Species of significance.

Several “species of significance” were identified in the EIS, and the issues surrounding these
species are briefly discussed in the following sections.
Menindee nightshade (Solanum karsense)

Menindee nightshade (Solanum karsense), a threatened plant species listed on the Threatened
Species Conservation Act 1995 has previously been recorded within 10km of the pipeline route.
The potential impact of the project on this species was assessed as part of the EIS (using vegetation
maps for the region and flora habitat assessment surveys). Appendix I (p 102) describes the water
requirements for this species, and the proposed flow regime is “considered unlikely to have any
significant impact on this or other threatened flora listed on the Environment Protection and
Biodiversity Conservation Act 1995 occurring or potentially occurring on the Darling Anabranch”
(EIS, Ch 4, p73). Consequently no ecological objective or monitoring program is presented for
this species.
The River Snail (Notopala sublineata)

The River Snail (Notopala sublineata) is listed as an endangered species under NSW legislation and
is now virtually extinct throughout its natural range. A distribution map produced by NSW
Fisheries indicate that the species is expected to occur in the Darling Anabranch (EIS, Appendix I).
Recognised threats to the species survival include the replacement of bacterial dominated biofilms
with algal dominated biofilms, a trophic shift that is associated with the change from a lotic
(flowing) to a slow or no-flow environment. The 8-part test for this species (EIS, Appendix I)
concluded that the long-term impact of re-instatement of a regular drying cycle is likely to have a
positive impact on the species. The EIS suggested that if the species is present, it is likely to be
confined to pipes traversing the existing block banks and recommended that prior to removal, all
pipes must be carefully examined for evidence of snail species occurring there. Where populations
are identified, they should be carefully removed from the pipe and placed in suitable habitat at the
margins of any residual pools. Within the scope of the EIS, it was anticipated that permanent water
would remain within isolated sections of the Anabranch. However, due to the extended dry period
that is currently being experienced, with no remnant pools existing, it is unclear if the species is
present in the Anabranch. An up-to-date assessment of the status/distribution of this species is
required before a meaningful ecological objective for its management can be established.
Consequently no ecological objective or monitoring program is presented for this species.
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Southern Bell Frog (Litoria raniformis)

Populations of the Southern Bell Frog (Litoria raniformis) are considered important because the
Darling Anabranch is considered to be at the northern limit of the species distribution. However,
frog species such as the Southern Bell Frog that are dependent on permanent, open water habitats
will have been significantly impacted by the extended dry period currently being experienced. The
EIS surveys undertaken at 28 locations along the Darling Anabranch failed to locate the species
(EIS, Appendix I). The loss of permanent pools would suggest that the spatial distribution of the
species would be limited to the area influenced by the River Murray Lock 9 weir pool, and that
some upstream recolonisation may occur during flow events. Due to the likelihood that the
distribution of the species would be highly localised and the associated detection issues, no
species specific ecological objective or monitoring program is presented for this species. The
species will however be reported on if it is located within the generalized, non-species specific
frog surveys.
Australian Painted Snipe (Rostratula australis)

The Australian Painted snipe (Rostratula australias) is listed as a vulnerable species under the
Commonwealth Environment Protection and Biodiversity Conservation Act 1999, it is also listed as
a migratory species under this act and in the China-Australia Migratory Bird Agreement. Little is
known of the ecology, habitat and reproductive biology of the Painted Snipe (Birds Australia 2007).
However Painted snipes are a cryptic species that are hard to see and often overlooked they are
usually found in shallow inland waters that are either permanently or temporarily filled, the MurrayDarling Basin appears to be a key area for this species as many records come from this area. Loss of
and alteration of habitat is thought to be a key factor in the species decline. As the painted snipe is a
migratory bird it is possible that it will use the Darling Anabranch as habitat and breeding grounds
during flow events. It is therefore important that populations are monitored and recorded (EPBC
Act 1999). Due to the likelihood that the distribution of the species would be highly localised
and the associated detection issues, no species specific ecological objective or monitoring
program is presented for this species. The species will however be reported on if it is located
within the generalized, non-species specific bird surveys.

Murray Hardyhead (Craterocephalus fluviatilis)

The Murray hardyhead Craterocephalua fluviatilis) is endemic to the lowland floodplains of the
Murray River, current distribution includes the mid to lower reaches of the Murray River, with
confirmed records from the Darling River near Wentworth. The Murray Hardyhead is listed as
endangered in NSW under the provisions of the Fisheries Management Act 1994 and vulnerable in
the Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (Backhouse et
al 2007). Historically the species probably inhabited along the lower reaches of the Darling River
and if populations still occur in this region, they may migrate into the Darling Anabranch channel if
there are no barriers to movement (Iain Ellis MDFRC pers. comm.). Due to the likelihood that the
distribution of the species would be highly localised and the associated detection issues, no
species specific ecological objective or monitoring program is presented for this species. The
species will however be reported on if it is located within the generalized, non-species specific
fish surveys.
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Threatened Species Conservation Act 1995 - listed Species:

Two threatened bird species were specifically listed in the scoping document, namely Blue-billed
Duck Oxyura australis, and Australasian Bittern Botaurus poiciloptilus. Neither appears to have
had known significant populations along the Darling Anabranch in the past 30 years. Three bird
atlas databases were examined, namely the ‘bird atlas of western NSW’ (Cooper & McAllan 1995),
the ‘first Australian bird atlas’ (Blakers et al. 1984), and the ‘new atlas of Australian birds’ (Barrett
et al. 2003). The first two atlases were initiated in 1977 (and share some common data which can be
examined over the internet at a coarse resolution of one degree latitude and longitude – Birds
Australia 2007), while the last Atlas continues and is also searchable at the same internet site
(www.birdata.com.au) but at a greater resolution. There appear to be no atlas records of
Australasian Bittern from between Lake Cawndilla and the River Murray over this 30-year period,
and there is one locality record of Blue-billed Duck from a 10-minute (lat/long) square (containing
Lake Mindona) along the course of the Darling Anabranch in the western NSW atlas (observations
in this atlas date from the period 1981-1992: Cooper & McAllan 1995). In the second (and ongoing)
Australian bird atlas there is a single record of Blue-billed Duck from south-east of Lake Tandou, to
the east of Redbank Creek (perhaps at Paradise Lake: source online atlas, Birds Australia 2007;
these records are undated but span the period 1998 to present). A fourth atlas database was also
examined, namely the NSW Parks and Wildlife atlas (Department of Environment and Climate
Change 2007: http://www.wildlifeatlas.nationalparks.nsw.gov.au/) again there were no records of
either species indicated from immediately along the Darling Anabranch between the Menindee
Lakes and the Murray River; the Blue-billed Duck record from the Paradise Lake vicinity was
mapped, and there was another record to the west of the Darling Anabranch (the Coombah Lake to
Popiltah Lake area). Finally, the authoritative accounts of both listed species were examined in the
‘Handbook of Australian, New Zealand and Antarctic Birds’ (Marchant & Higgins 1990), and the
Darling Anabranch was not identified as being a significant region for either species. We conclude
from this brief survey that the Darling Anabranch does not provide core habitat for these two
species, although the Blue-billed Duck may occasionally visit the Great Anabranch Lakes when the
lakes fill (e.g. Barrett et al. 2002). The environmental flows (and associated works) that are the
focus of this report are not intended to fill these lakes, and so little further specific attention is
paid to these two species. The bittern is cryptic and very difficult to survey effectively, while the
Blue-billed Duck, if present, will be detected as part of regular bird surveys recommended as part of
the monitoring program. The species will be reported on if detected in these surveys.
It is noted that there are other Environmental Protection and Biodiversity Conservation Act 1999 and Threatened Species Conservation 1995 -listed species that are likely to occur, even if only
occasionally or as vagrants, in the study region. These species, their broad habitat preferences and
likelihood of known occurrence could be addressed individually if required.
Management of exotic fish such as Common carp

Under the previous replenishment flow regime, introduced fish species such as Common carp
dominated the abundance and biomass of fish communities within the Darling Anabranch. A
reduction in exotic fish, particularly Common carp was presented as an ecological objective in the
Darling Anabranch Management Plan (Nias, 2002). The perceived ecological and water quality
benefits of Carp exclusion from a system include a reduction in turbidity and sedimentation (King
et al. 1997) and an associated reduction in nutrient loading (Gallo and Drenner 1995; Harris 1995),
increased aquatic vegetation density (Crivelli et al. 1983; Roberts et al. 1995), a range of benthic
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properties (Robertson et al. 1997), and decreased competition for resources required by native fish
(Fletcher 1986) (as cited by Meredith et al. 2005).
The prevailing dry conditions and the lack of any remnant pools within the Darling Anabranch has
effectively removed the pre-existing fish communities. Consequently any fish community that
develops within the Anabranch during subsequent flows will be entirely dependent on upstream and
downstream recolonisation by the fish communities present in the area influenced by the source
water (e.g. Lake Cawndilla or the Darling River) and the Lock 9 weir pool respectively. The
community may or may not become dominated by carp depending on a range of factors including
seasonal timing of flows, the prevailing abundance of carp in upstream and downstream connected
water bodies and response to cues for migration and spawning.
Management approaches to preventing recolonisation of etc by Common carp include the
installation of “carp screens”. These “screens” are physical barriers (usually steel mesh) of varying
size and design situated across inflow points to prevent fish (size of fish is dependent on mesh size
and design) from entering or exiting a . It is important to note that although the expectation is that
screens prevent carp from entering and colonising, Nichols and Gilligan (2003) found no consistent
difference in native and exotic fish abundance or biomass between sites with and without carp
screens. The result is believed to be due to colonisation of the s by young-of-the-year carp that were
sufficiently small to move through the carp screens and rapidly grow within the channel.
Potential disbenefits of installing carp screens include;
• preventing large bodied native fish from recolonising the system as the screens are not selective
for native v’s exotic fish
• congregations of adult carp at the screen may preclude the passage of small bodied native fish
through the screen
• precluding fish recolonisation by carp screens is likely to cause a decrease in the abundance of
fish prey for piscivorous birds (Meredith et al., 2005)
• restricted turtle passage (the Murray Turtle (Emydura macquarii) is not well adapted for
overland migration (Cann 1998, as cited by Meredith et al., 2005); and
• restriction of flows due to clogging of the screens and associated maintenance costs
The vast majority of the Darling Anabranch will dry out between flow events. Consequently the
remaining fish community will be constrained to the few pools deep enough to provide refugia
between flows. Given that (i) any attempt to control re-colonisation of the system by Common carp
will require installation of carp screens; (ii) the efficacy of carp screens in preventing adult
Common carp from dominating the composition and biomass of the fish community within the
Darling Anabranch is not clear; and (iii) installation of carp screens may preclude being able to
achieve the ecological objectives “reduce the barriers to fish passage throughout the system” and
“reinstate a diverse native fish assemblage in the Anabranch”; no ecological objective for
management of exotic fish is presented here. However, if the intervention monitoring program
demonstrates that the re-colonising fish community is dominated by exotics such as Common carp,
ecological objectives and targets for management of exotic fish, and the use of management tools
such as the installation of carp screens should be investigated in the adaptive management review
process.
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Compilation of ecological objectives

The defined ecological objectives have been consolidated into functional groups:
1. Hydrology
2. Channel geomorphology
3. Fish
4. Vegetation
5. Frogs
6. Birds
7. Aquatic Invertebrates
8. Water quality
9. Groundwater and Soil Condition
10. Ecosystem Drivers
A complete list of the objectives is presented in Table 1. Background information on the selection
and definition of these objectives is presented in the following sections.
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Table 1. Ecological Objectives for the Darling Anabranch

Hydrology
1. Re-instate a flow regime that is representative of the natural hydrology of the Darling
Anabranch
Channel geomorphology
2. Re-establish scouring of deep holes (refugia) within the main channel
Fish
3. Reduce the barriers to fish passage throughout the Darling Anabranch system
4. Reinstate a diverse native fish assemblage in the Darling Anabranch
Vegetation
5. Maintain sustainable river red gum communities within the riparian zone
6. Maintain sustainable black box communities within the riparian zone
7. Maintain sustainable river cooba communities within the riparian zone
8. Maintain distribution and abundance of particulate natural organic (leaf) material
9. Determine the spatial extent and hydraulic influence of river red gum and black box as
invasive (increaser) species within the Darling Anabranch Channel
10. Limit the extent of recognised weeds as invasive (increaser) species
11. Maintain sustainable communities of flood tolerant understorey vegetation
12. Maintain sustainable communities of flood dependent understorey vegetation
13. Maintain sustainable communities of lignum habitats
14. Limit the extent of cumbungi (Typha) as an invasive (increaser) species

Frogs
15. Maintain sustainable communities of the riparian frog species
Birds
16. Provide suitable habitat, including breeding habitat in some years, for a wide range of
waterbird and -dependent species
Aquatic Invertebrates
17. Maintain a sustainable population of Yabbies (Cherax destructor)
Water Quality
18. Maintain water quality to maximise habitat value
Groundwater and Soil Condition
19. Provide conditions conducive to long-term lowering of the shallow groundwater system
and subsequent reduction of soil salinity and seepage.
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Targets:

Due to the limited amount of available data related specifically to the Ecological Objectives, targets
have not yet been defined for most Ecological Objectives. Where possible targets will be
quantitative (e.g. number of fish) but where insufficient data or knowledge is available, qualitative
directional targets (e.g. increase, maintain, decrease) will be determined. In accordance with The
Living Murray Program, targets should define what is considered to represent a sustainable or
viable assemblage for the respective species (MDBC, 2006) or parameter (e.g. salt load).
A key objective of TLM condition monitoring is the delivery of outcomes that may be readily
interpreted in terms of the three categories (Good, Moderate, Poor) (cf. Table 2). As presented,
these categories are to be accorded depending on whether a response variable target is met and/or
the indicator is trending positively or negatively.
Table 2: Categories developed for reporting of Icon Site condition for each objective/response
variable (source: MDBC 2006).
Condition

Target

Good

Currently satisfied

Moderate

At borderline of satisfaction

Poor

Trending down

Step 2. Develop a conceptual model for the environmental processes occurring in
the Darling Anabranch under both replenishment flow and environmental flows
scenarios
A generic conceptual model synthesising conceptual understanding of the various ecosystem
objectives and targets and how the variables are likely to function/respond under the two contrasting
management scenarios is presented in Figures 2 and 3. This model was developed based on expert
consultation and the models presented by Scholz et al. (2005) which were developed for the
Lindsay-Mulcra-Wallpolla Island Icon Site. More detailed conceptual models are presented for
individual objectives in the respective sections.
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Fig. 2. Conceptualisation of ecosystem function under the previous, replenishment flow regime
(processes denoted with “?” marks indicate that the process/response has a high degree of
uncertainty attached).
Environmental Patterns and Processes
Groundwater
levels?

- elevated groundwater levels due to elevated surfacewater
- saline intrusion in lower reaches (un-quantified)

Cumbungi

- invasion/expansion in wet/dry zone

Fish

- Fish communities dominated by resident non-natives
- Carp dominate fish numbers and biomass

Connectivity

- block banks inhibit fish passage
- block banks inhibit fish re-colonisation
- block banks inhibit turtle movements and re-colonisation?

Sediments

- loss of scouring flows resulting in sedimentation of deep
pools
- removal of wet/dry cycle interferes with nutrient cycling
processes ( depletion of organic content)

Water Quality

- ponding of water and low/no flow conditions increases
potential for nuisance and harmful algal blooms
- lack of end of system flows increases accumulation of salt
within the anabranch channel
- permanent inundation may increase acidification risk
particularly in areas with saline groundwater intrusion

Trees

- river red gum establishment in area’s historically dominated
by black box
- river red gum & black box germination and establishment
within channel

Replenishment Flows Scenario
Altered hydrology
•

Increased permanence

•

Decreased water level variability

•

Loss of drying events

Non-tree vegetation - low species diversity due to removal of drying phase
Invertebrates

- low temporal variability in micro/macro invertebrate
productivity and species diversity due to removal of drying
phase?
- isolated populations of the River Snail are surviving in
irrigation pipelines?

Waterbirds

- low temporal and spatial variation in species richness?
- low abundances of generalist filter feeding, dabbling duck
and piscivorous species?

Frogs

- species dependent on permanent water establish in regions
outside their normal distribution range
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Fig. 3. Conceptualisation of ecosystem function under an in-channel environmental flow regime
(processes denoted with “?” marks indicate that the process/response has a high degree of
uncertainty attached).

Environmental Patterns and Processes
Groundwater
levels?

- lowered groundwater levels due to lowered surfacewater
- increased potential for saline intrusion in lower reaches (unquantified)?

Cumbungi

- rate of invasion/expansion in wet/dry zone reduced

Fish

- drying phase eradicates non-native (carp) population
- Increase relative native fish numbers and biomass during
flows

Connectivity

- removal/modification of block banks enhance fish passage
- removal/modification of block banks enhance potential for
fish re-colonisation via river and lake
- removal/modification of block banks enhance turtle
movements and re-colonisation?

Sediments

- increased frequency of end of system flows may increase
scour in isolated zones
- re-instatement of wet/dry cycle resets nutrient cycling
processes (improve organic content)
- rewetting of oxidised sediment may result in acidification

Water Quality

- end of system flows reduce ponding of water and duration of
no flow conditions
- end of system flows decreases potential for nuisance and
harmful algal blooms
- end of system flows increase potential to export salt from
the anabranch channel
- during end of system flows water quality will be reflective of
source water and release of nutrient from dried sediments
and natural organic matter in channel during flow periods

Trees

- undesirable river red gum and black box recruitment below
historical elevation range (within the Anabranch Channel)
- enhanced river red gum, black box and Cooba recruitment
within the historical elevation range
- increased condition and vigour of riparian trees

Environmental flow scenario
Altered hydrology
•

Return to a hydrological regime
more representative of preregulation conditions

•

Increased water level variability

•

Reinstatement of drying events

•

Reduce barriers to fish passage

Non-tree vegetation - improved species diversity via reinstatement of drying phase
Invertebrates

- increased temporal variability in micro/macro invertebrate
productivity and species diversity due to reinstatement of
drying phase?
- increased variability in water levels and the re-setting of
bacterial dominated biofilms may benefit remnant populations
of the River Snail

Waterbirds

- increased temporal and spatial variation in species richness
and abundance

Frogs

- distribution of species dependent on permanent water
will contract to a more normal distribution range
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Step 3. Generate hypotheses
Testable hypotheses for the anticipated ecological responses to the imposition of management
actions (e.g. application of environmental flows, removal/modification of block banks) were
developed. Failing to define hypotheses compromises the scientific credibility of the program and
the capacity to inform the adaptive management process. As an example, attempting to develop an
understorey vegetation survey with no clearly defined question would lead to significant uncertainty
in deciding on locations and elevations at which to establish transects, and in deciding on an
appropriate methodology to employ. Identifying and stating hypothesis such as:
•

The distribution of flood dependent and flood tolerant vegetation will change through reintroduction of wet-dry cycles.

allows for identification of the need to encompass an elevation gradient to ensure transects are
established within (i) the zone that will be completely inundated by flows; (ii) at the wet edge and
(iii) above the wet edge; and the need to have regular baseline (condition) monitoring that is
complemented by intervention monitoring following flows.
In 2006, the MDBC commissioned a report (McCarthy et al. 2006) to develop a prioritised list of
hypothesis for funding intervention monitoring at the TLM icon sites. A detailed Intervention
Monitoring Program complete with hypotheses has been developed for the Lindsay-MulcraWallpolla Islands (Victorian) component of the Chowilla Floodplain Icon Site (Scholz et al. 2005).
The hypotheses developed by McCarthy et al. (2006) and Scholz et al. (2005) were used
extensively in the development of hypotheses for the monitoring of interventions in the Darling
Anabranch.
Step 4. Identify variables
The ecological objectives (and targets), hypotheses, and management actions are fundamental in
determining the indicators and response variables that will be assessed within both the condition
and intervention monitoring. Consideration was given to the spatial and temporal availability of the
indicator groups, overlap (redundancy) of variables, impact of mobility of variables on data
interpretation (e.g. fish v trees), time lapse required to observe a response to changes in
environmental conditions, and the reliability (robustness) of methods utilised (Downes et al. 2002).
Step 5. Program design
Condition monitoring provides a “moment in time” or “snap-shot” of community/population
condition, and does not attempt to demonstrate cause-and-effect relationships associated with
environmental flows and other associated management interventions.
The intervention monitoring program structures monitoring effort within a scientifically rigorous
hypothesis based experimental framework with environmental flows and natural floods
(uncontrolled flows) treated as experiments to demonstrate cause-and-effect relationships between
environmental responses (e.g. improvement in ecological condition) and management interventions.
Compliance monitoring is directed at any negative environmental impacts that may be generated as
a result of the intervention; e.g. salt load, blackwater events, blue-green algal blooms.
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The most scientifically defensible, statistical design incorporates Before, After, Control, and Impact
(BACI) data (Stewart-Oaten and Bence, 2001). However, this approach requires the incorporation
of experimental controls or reference sites to eliminate artefacts in the experimental procedure (the
selected indicators may vary both temporally and spatially, independent of management actions).
Unfortunately, comprehensive "before" (replenishment flows management scenario) data does not
exist for the Darling Anabranch. "Control" sites, by definition (Stewart-Oaten and Bence, 2001)
are similar to the impact (primary) sites but do not have the intervention applied. Consequently
representative "control" sites do not exist at the spatial scale of the whole Darling Anabranch.
In order to interpret the influence of management actions on ecological condition it will be
necessary to rely on a program design that (i) compares repeated "snap-shots" of
community/population condition (condition monitoring); and (ii) data collected before, during and
after implementation of the environmental flows (and natural floods - uncontrolled flows). This is
the goal of Intervention Analysis, which attempts to construct, check and fit plausible models, and
uses them to predict future values or long-term averages (Stewart-Oaten and Bence, 2001).
Because control sites are not available, it will not be possible to statistically demonstrate whether
implementation of the environmental flows regime and removal/modification of the block banks has
‘caused’ any observed ‘effect’ due to the likely presence of confounding factors, i.e. observed
changes in the measured variable may be due to uncontrolled influences (Hurlbert 1984,
Underwood 1996). The use of secondary (see section 5 for description) monitoring sites within (i)
the permanently inundated zone of the Darling Anabranch between the junction of the River Murray
and the upper end of the Lock 9 weir pool; and (ii) the upper end of the Darling Anabranch between
Junction Dam and the junction of the Darling River will allow for the use of a "lines of evidence"
approach to assessing ecological response to environmental flows.

Step 6. Optimise sampling effort and statistical power
It is important to design a monitoring program that provides both an efficient (in terms of resources)
and precise estimate of ecological response to the management actions. Because there is only a
limited amount of existing data specifically related to the ecological objectives and targets, an initial
period of assessment will be required. Data collected during this initial period will allow for the
determination of the spatial and temporal monitoring effort (the number of samples/sampling effort)
required to detect change (power analysis) and consequently report against the defined ecological
objectives and targets. This phase is beyond the time constraints associated with development of the
AMMP, and will need to be undertaken as a “first step” in the implementation of the program.
Step 7. Review of collected data and incorporation of evolving knowledge in the
adaptive management process
The periodic review of the data collected from the monitoring program, interpretation of that data
with regard to the conceptual model and ecological objectives and targets and subsequent review
and modification is essential to the adaptive management process. Without this process, changes in
management actions (e.g. the way environmental flows are delivered) cannot be efficiently
implemented in order to achieve positive management outcomes.
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5. Hydrology
An interim objective for “Hydrology”

•

Re-instate a flow regime that is representative of the natural hydrology of the Darling
Anabranch

Conceptual Model

Components of a natural flow regime:
Periods of no-flow are a natural occurrence in Australian lowland rivers and, flow regimes in
naturally ephemeral systems such as the Darling Anabranch would have varied significantly across
a range of temporal and spatial scales. Drying phases are likely to have short and long-term positive
and negative effects on ecological communities. Aquatic refuges would be focussed around deep
within-channel pools. Drying of deep pools will lead to deaths of confined fish communities, but
may also reduce long-term dominance of various biotic components of the system by undesirable
species such as common (European) carp. Re-instatement of wetting and drying cycles can also be
expected to improve macroinvertebrate diversity and abundance; and spatial and temporal diversity
of flood tolerant and flood dependent vegetation.
In-channel flows represent the expected outcome from environmental flows given the volumes of
water likely to be available and delivery constraints associated with the outlet capacity at Lake
Cawndilla. These flows can be anticipated to provide a range of benefits including; migration (recolonisation) and spawning cues for fish, birds, frogs, macroinvertebrates etc.; mobilization of
previously deposited sediments; redistribution of natural organic matter (e.g. leaf litter) and resetting of biogeochemical processes including nutrient cycles and energy transfer through trophic
cascades; freshening of near bank groundwater zones via through-bank recharge; improvements in
soil-water availability and resultant benefits to riparian vegetation; and conditions required for
establishment and growth of flood tolerant and flood dependent understorey vegetation.
Out of channel-flood flows connect the floodplain with the river channel. It is suggested (EIS;
Appendix H) that flows greater than 2,000 MLday-1 start to engage the floodplain. These flows are
essential in maintaining floodplain biogeochemical processes, but are unlikely to eventuate directly
from environmental releases from Lake Cawndilla. However, use of environmental water from lake
Cawndilla to “boost” or “piggy-back” flows entering the Anabranch from the Darling River may
achieve increased inundation extents. It is important to recognise that out-of-channel flooding and
subsequent inundation of the Anabranch Lakes form an integral component of the Darling
Anabranch as a functioning ecosystem. However, it is considered that including the Anabranch
Lakes in the monitoring program is beyond the scope of this project.

Existing and proposed Hydrological Regime:
The following section is adapted from Darling Anabranch EIS-Appendix F; Flow Modeling
Assessment (2004)
Natural Conditions
•

Return Intervals

Inflow to the Darling Anabranch from the Darling River is reported to have occurred at flows
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of approximately 20,000ML/day. This flow has a 2 to 3 year average recurrence
interval. Anecdotal evidence suggests that the lakes located midway along the Anabranch received
flooding every 7 to 15 years. Flows sufficient to reach half-way down the Anabranch occurred
approximately every 2 and half years, with end of system flows linking the Anabranch with the
Murray river occurring approximately only once every 15 years (EIS, Appendix H).
•

Timing

The timing of the Darling Anabranch floods is dependent on flows in the Darling River. Withers,
1994 indicates that floods in February to April generally result from summer rainfalls in tributaries
in southern Queensland while those in July and August result from winter rainfall in central and
north-eastern New South Wales. Between flood events the Anabranch would have dried to form a
chain of waterholes. Withers (1994, as cited in EIS Appendix F) suggests Hunter Hole is about 3.6
m deep and, prior to the introduction of replenishment flows, lasted more than 2 years when filled.

Replenishment Flow Regime
The replenishment flow regime that has been utilised for management of the Anabranch is
substantially different to that which occurred under natural conditions. The changes include
development of a cutting between the Darling River and the Anabranch to reduce the commence-toflow stage height in the Darling River at which water enters the Anabranch.
The cutting is considered unlikely to significantly alter flow patterns during major flood inflows.
The development of blockbanks and by-wash banks across the Anabranch flow paths increase the
volume, depth and duration that water could be held within the Anabranch (and consequently area
inundated) during no-flow periods.
•

Return Intervals

Post-construction of the Menindee Lakes storage scheme, annual replenishment flows of
approximately 50 GLyear-1 had occurred at a rate of approximately 500 MLday-1 for a period of 2-3
months. These replenishment flows were released from Lake Cawndilla into the Anabranch via a
regulating structure and an excavated channel and were used to fill the weir pools created by the
blockbanks, creating a series of near continuous weir pools along the length of the Anabranch.
•

Timing

Prior to 1980, replenishment flows typically commenced in May. Post ~1980 replenishment flows
have been made in Spring to provide a more reliable supply and better water quality during the
major Summer demand period (Withers, 1994, as cited in EIS Appendix F).

Proposed Environmental Flow Regime
The intent of the management intervention (construction of the stock and domestic pipeline and
reinstatement of environmental flows) is to restore elements of the long-term natural flow regime
requiring reinstatement of a ‘wetting and drying’ cycle along the length of the Anabranch. It is
proposed that this will be achieved via a combination of managed releases from Lake Cawndilla to
the Anabranch complemented by natural flood inflows from the Darling River to the Anabranch.
Regulated releases from the Menindee Scheme that induce flows into the Anabranch via the Darling
River may need to be considered if sufficient water resources are not available for releases from
Lake Cawndilla, to achieve the ecological objectives of the Anabranch. Drying of the Anabranch
channel will become a relatively frequent event under the proposed flow regime.
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•

Return Intervals

Due to the high level of control able to be exerted over releases from Lake Cawndilla – releases can
be made as desired provided there is sufficient water available in the storage. Release rates will be
dependent on the lake outlet capacity, stipulated discharge rate, and desirable ramping up and
ramping down periods.
The hydrograph initially proposed for the Darling Anabranch Project aims to create a more natural
wetting-drying cycle. It is proposed that this will be achieved via delivery of an environmental flow
of approximately 60,000 ML at a maximum rate of 1,500-2,000 ML/day over about 6 weeks
(60,000 ML ÷ 2,000MLday-1 = 30 days). It is anticipated that releases will occur every 2 to 3 years
on average when water is available in Lake Cawndilla; no release would occur if <220 GL was
present in Lake Cawndilla (EIS; Appendix F).
With the various block bank / regulators removed, an end of system flow is anticipated to be
achieved. Operation of the Environmental Flow is via releases from Lake Cawndilla through the
Packers Crossing Regulator (approx 30 km south of Lake Cawndilla) and with the only other
controlling structure being either the Oakbank Regulator (approx 10 km north of the Junction with
the Murray River) or Warra’s Dam. There is no control structure (except the natural channel) for
flows from the Darling River.
The occurrence of floods in the Darling River and resultant inflows into the Anabranch will not be
‘managed’ as a component of a release regime (EIS; Appendix F). However it is possible that
controlled releases from other lakes within the Menindee Scheme could be used in conjunction with
controlled releases from Lake Cawndilla to increase the magnitude of flows within the Anabranch.
Under natural conditions the channel sections from Lake Cawndilla to Junction Dam (Reaches 1
and 2, and not strictly part of the Anabranch) received only infrequent inflows during large floods
in the Darling. Most flows into the Anabranch would have originated from high flows in the
Darling River. Under the proposed flow regime the frequency of release via reaches 1 and 2 will be
increased relative to natural conditions. It will therefore not be possible to restore the natural flow
regime in reaches 1 and 2 (Model outputs, EIS; Appendix F).
•

Timing

The modeling undertaken as part of the EIS was performed with the assumption that releases will be
made commencing in spring. Timing will be highly dependent on available volumes of water in
Lake Cawndilla and additional factors such as salinity impacts which will be largely influenced by
availability/magnitude of flows in the River Murray available to dilute downstream salinity impacts
resulting from export of salt out of the Anabranch system. It is preferable that the release time is
varied over the years, rather than occurring in the same months every time. Optimising the
hydrology of the system with regard to average return intervals, the shape of the hydrograph and
magnitude of individual flows, seasonal timing and use of environmental water via releases from
Lake Cawndilla to supplement inflows from the Darling River is discussed in the EIS (Appendix F).
The timing and occurrence of flood inflows from the Darling River are uncontrolled.
Targets

It is anticipated that a more natural flow regime will be reinstated, as the incidence of
• no or very low flows (< 100 MLday-1) is increased,

32

•
•
•

low flows in the 100 – 500 MLday-1 is reduced,
flows in the 500 – 2,000 ML/D range is increased, replicating small floods
flows > 2,000 ML/D is not significantly changed

Hypothesis

Adaptive management of controlled releases from Lake Cawndilla will allow re-instatement of a
flow regime that is representative of the natural hydrology of the Anabranch
Variables

•
•
•

Flow duration curves
End of system flows
ARI

Methodology

Recording gauged flow for releases from Lake Cawndilla combined with installation and operation
of an ADCP (Acoustic Doppler Current Profile) at the source of the flow, Packers Crossing and at
the end of the system (either Warra’s Dam or the Oakbank Regulator).
Timing

Annual reporting.
Data Analysis

Non-statistical analysis of flow data and average return intervals.
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6. Channel geomorphology
An interim objective for “Channel Morphology”

•

Re-establish scouring of deep holes (refugia) within the Anabranch

Conceptual Model

The Darling Anabranch adopts a sinuous course with low stream velocities and is a largely
depositional environment but retains sufficiently high velocity during flood events to produce and
maintain scour holes. Some of these scour holes were large and deep enough to function as near
permanent water holes providing important habitat for the flora and fauna species in the Anabranch
(EIS; Appendix H).
Various factors including construction of the cut between the Darling River and the anabranch;
grazing/feral animals; blockbank construction, construction of the channel between Lake Cawndilla
and the Anabranch to provide a direct link between the Menindee Lakes Scheme and the
Anabranch; have resulted in increased deposition of sediments, and reduced rates of scour in the
channel.
The changed flow regime will reduce the frequency of flows less than 500 MLday-1 and increase the
frequency of flows between 1000-2000 MLday-1range. Removal/modification of the blockbanks
will increase the velocity and thereby scour potential of flows. Modeling within the sections
downstream of blockbanks indicates that within reach 3 (Junction Dam to existing site 183 Dam),
flows are anticipated to increase by ~0.1ms-1. In reach 4 (existing site 183 Dam to Warra’s Dam),
flows are anticipated to increase by up to 0.3ms-1 in the upstream sections and by ~0.1-0.2 ms-1 in
the remaining sections. Upstream of blockbanks, velocity is likely to increase by ~0.1ms-1 (EIS;
Appendix H).
The implementation of an environmental flow regime and the removal/modification of blockbanks
is anticipated to allow “Maintenance of snags and deep holes” (Nias, 2002). Assessment of scour
(EIS; Appendix H) indicates that the greatest influence is likely to occur in pools on tight bends,
within sites located immediately upstream of the existing blockbanks. Minimal scour is predicted
downstream or midway between the existing blockbank locations. The modelling predicts scour
depths of between 1.1 and 1.6m for flows of 1,600 MLday-1 (as measured at Wycot) in the sections
upstream of the existing blockbanks. Due to model constraints, the depths of scour reported were
considered to be conservative, with an expectation that the magnitude of scour that will be observed
could be substantially greater.
It is anticipated that sediment mobilised from pools will be re-deposited in reaches downstream of
the source pool. Mechanisms of increasing the depth of scour achieved during flows via the
strategic installation of physical structures or excavation etc are being investigated as part of a
separate process.
Targets

Based on the assessment of scour (EIS; Appendix H);
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Achievement of scour greater than 1m of deposited sediment within the pools in the sections
immediately upstream of the blockbanks.
Hypothesis

Flows greater than 1,600 MLday-1 will reinstate scour greater than 1m of deposited sediment within
the pools in the sections immediately upstream of the blockbanks.
Variables

•

Channel morphology

Methodology

It is predicted that the maximum scour will occur at pools on high angle bends immediately
upstream of the existing blockbanks (EIS; Appendix H). Assessment of scour should be undertaken
at sites that were previously recognised as functioning as deep, near permanent pools that fit this
criteria. Sites should be distributed along the Anabranch. It is suggested in the EIS (Appendix S)
that sites should be established in Reach 3 (near the Wycot gauge), in Reach 4 (near the Bulpunga
gauge) and at one additional site in between (near 183 Dam). The justification for these sites was
that locating the monitoring points close to flow gauges will maximise the accuracy of calibration
with discharge. It is recommended that a preliminary survey be undertaken to determine if these
reaches contain pools that have historically been recognised as deep, retaining pools.
Each geomorphology monitoring site should be between 500 and 1,000 metres in length, and
consist of a bend (expected scour sites) and a long channel profile (expected deposition site), with at
least five cross sections at each spaced to account for channel variation. On the bends, the profile
constructed should extend around the bend. The length of the long channel profile should be in the
order of 1,000m.
Along-channel profiles should be comprised of multiple transects (e.g. n = >3) as opposed to a
single transect aligned down the centre of the channel. The channel morphology at the bends (scour
zones) shall be determined via establishing one transect at the very apex of the bend, two cross
sections towards the upstream and downstream ends of the pool, and two cross sections at the
upstream and downstream end of each pool. Each cross section should extend from bank top to
bank top.
The potential for the use of coring equipment and assessment of sediment grain size to determine
the depth of recently deposited material within the pools should be investigated during the
preliminary (baseline surveys).
Photo points should be established at each monitoring point, and photos taken each time surveys are
conducted. The use of semi-permanent markers installed within the channel for use as reference
points showing increased or decreased deposition of sediment should be investigated.
Timing

A baseline survey should be carried out before the flow regime changes and block banks are
removed. Specific surveys following environmental flows (or natural flows) will not be required
because the repeat surveys will be capable of reporting on geomorphological changes. Furthermore,
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holes deeper than 2m are likely to hold water for ~12 months following a flow event and surveys
will need to be undertaken when the channel has dried (to prevent pugging of channel sediments) to
determine extent of scour.
Data Analysis

Medium- and long-term trend analysis of changes to channel morphology in erosion zones (pools)
and sedimentation (downstream runs) zones.
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7. Fish
Interim objectives for “Fish”

•
•

Reduce the barriers to fish passage throughout the Anabranch system
Reinstate a diverse native fish assemblage in the Anabranch

Generalised Conceptual Model

Fish are an important and integral component of aquatic ecosystems, possessing many physiological
and behavioural adaptations that allow them to either persist or move to adjacent, more favourable
habitats as conditions deteriorate (Snowgrass and Burger, 2001, as cited by Baldwin et al., 2005).
In this context, native and exotic species migrate from adjacent upstream and downstream sources
as either juveniles or adults to colonise recently inundated areas of ephemeral channels and
floodplains. In ephemeral systems, specialist floodplain species (e.g. gudgeons, Australian smelt
and carp) exhibit population booms with in situ spawning and recruitment upon flow commencing
and throughout the inundation period. Alternatively, channel specialists (e.g. Murray cod, tandanus
catfish, silver perch) are less likely to exhibit in situ spawning within ephemeral habitats. Larvae
and juveniles (recently spawned) of these species colonise the ephemeral system from upstream
sources. For example, golden perch larvae and juveniles produced in the main channel upstream of
the ephemeral channel may passively colonise flooded areas within which populations may become
established. Golden perch juveniles migrate back to the main river channel when reconnecting
flows permit, exiting ephemeral habitats to complete the life-cycle. Further, golden perch adults
may migrate extensively throughout the system to colonise ephemeral habitats from upstream and
downstream sources, although it is unlikely that they will successfully reproduce within temporary
habitats.
7.1 Barriers to fish passage
• Reduce the barriers to fish passage throughout the Anabranch system
Conceptual Model

Barriers to fish movement such as block banks and weirs preclude or restrict the upstream and
downstream migration of fish species. Barriers to movement have been identified as a key issue
involved in the decline of native fish populations. Barriers restrict upstream colonization as well as
downstream transport of prologues via increased mortality with transport over, through or under
regulatory structures. Many Australian native species within the bioregion exhibit migration
behavior at various stages of their life cycle. Completion of the life-cycle, which is entering the
spawning population, may be denied by preventing return by juveniles to permanent riverine
habitats.
It has been suggested that the spatial extent and hydraulic influence of river red gum, black box and
cumbungi as invasive (increaser) species within the Anabranch Channel may have the potential to
restrict upstream and downstream migration. This is an emerging issue that may be assessed
indirectly via assessments of spatial extent of in-channel vegetation and patterns of fish
recolonisation during flow events.
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Target

•

Removal of barriers to fish movement within the Anabranch

Hypothesis

Removal or modification of blockbanks will reduce the barriers to fish migration, enhance
colonization, and enable native fish to return to permanent riverine habitats.
Variables

Existence of blockbanks or flow control structures that are not consistent with guidelines for fish
passage. Although it is anticipated that the majority of the blockbanks will be removed or modified
and that these actions will reduce the barriers, this currently remains an “objective” for the
management of the Anabranch.
Methodology

Assessment of this objective is primarily a desktop study. However, monitoring of fish abundance
and diversity at the intermediate sites will be informative for upstream and downstream dispersal of
fish during flow events.
Timing

Annual Reporting until all non-compliant blockbanks removed or modified.
Data Analysis

As individual blockbanks are removed/modified, progress towards attaining this objective can be
assessed and reported on.

7.2. Fish Community Composition
• Reinstate a diverse native fish assemblage in the Anabranch
Conceptual Model

Under the previous replenishment flow regime, introduced fish species such as common carp
dominated the abundance and biomass of fish communities within the Anabranch. However, the
prevailing dry conditions and the lack of any remnant pools within the Anabranch has effectively
removed the pre-existing fish communities. Consequently any fish community that develops within
the Anabranch during subsequent flows will be entirely dependent on upstream and downstream
recolonisation by the fish communities present in the area influenced by the Lock 9 weir pool and
Lake Cawndilla respectively. If the re-colonising fish community is shown to be dominated by
exotics such as Common carp, the use of management tools such as the installation of carp screens
should be investigated.
Targets

To be developed based on results from initial flow events.
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Hypothesis

•
•

The dispersal of native fish will increase through flow enhancement.
The dispersal of exotic fish will increase through flow enhancement.

Variables

Assessment of the fish community will determine patterns of colonisation upon commence to flow,
during and post inundation periods. Baldwin et al., (2005) presents a suite of 13 indicators
developed by SRA (2004) that can be used as indicators of fish community health. Recommended
variables include relative abundance and biomass.
Turtles captured as by catch should be recorded and reported on (species, size).
Methodology
Site selection

For the Intervention Monitoring Program (fish, frog and invertebrates) sites will be located at six
predetermined reaches;
1.
2.
3.
4.
5.
6.

Lake Cawndilla
Upper Darling Anabranch (between Junction Dam and the Darling River)
Upstream of Junction Dam
Upstream of the existing site of Dam 183
Upstream of Warra’s Dam
Downstream of the zone permanently inundated by the Lock 9 weir pool to the River
Murray

Reach 1 and 2 will be rotated according to the source of the flow; i.e. Lake Cawndilla or the Darling
River. In the scenario where flows are originating from both sources, the program should be
expanded to include all six reaches. The same reaches will be assessed in the invertebrate and frog
sampling program. Three monitoring sites within each reach are proposed to allow for statistical
analysis of the data collected.
Identify major habitat types (e.g. shallow/deep, open water, and bank) and obvious variations in
hydrology (inlet-outlet channels). Based on these observations of habitat diversity, sampling should
occur in geographically, morphologically and or hydrographically discrete sections within
individual sites in order to maximise the diversity of fish species and life stages (intervals) sampled.
A description of the habitat where the fishing effort (active and passive) is targeted, and the relevant
GPS co-ordinates shall be recorded.
Sites should be selected with a view to standardise fishing effort across specific habitat types. This
will improve the capacity to make local and regional comparisons between fish communities and
fish-habitat preferences.
Sampling gear

The following methodology is adapted from Richardson et al. (2005) and Baldwin et al. (2005).
Effective sampling requires a combination of active (e.g. electrofishing) and passive (e.g. fyke nets)
techniques.
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o Active Fishing - Electrofishing
Either boat or backpack electrofishing can be used depending on the size, depth and ease of access
of the sites to be sampled. Efficiency of electrofishing in the Darling Anabranch will also be
constrained by factors such as the turbidity and salinity of the water column (electrofishing is not
effective at salinities >1,300 µScm-1).
Due to the shallow nature of the Anabranch, it is unlikely that boat electrofishing will be viable.
Consequently backpack electrofishing will be used if salinity, turbidity and depth permits. A
minimum of 8 (preferably 12) electrofishing shots should be performed at each site, with a
minimum of 2 minutes between each shot. Backpack electrofishing shots should be of 150 second
“power on” time.
Electrofishing shall be carried out in accordance with the Australian Code of Electrofishing
Practice (Anon. 1997). All electrofishing operations must be carried out under the supervision and
control of a Senior Operator who has been awarded a Certificate of Competency in Electrofishing
Procedures and Safety for the particular type of equipment being used.

o Passive Fishing - Small fyke nets
A minimum of four small fyke nets (SFN) shall be used to sample the small bodied fish at each site.
SFN have dual wings (each 2.5 m x 1.2 m) with a first supporting hoop (∅ = 0.4 m) fitted with a
square entry (0.15 m x 0.15 m) covered by a plastic exclusion grid with rigid square openings (0.05
m x 0.05 m). SFNs have a stretched mesh size of 2 mm.
o Large fyke nets
Where active (electrofishing) techniques are not viable (due to factors such as depth, turbidity, salinity,
access etc), a minimum of four large fyke nets (LFN) shall be used to complement the small fyke nets
described above. LFN have a central wing (8 m x 0.65 m) attached to the first supporting hoop (∅ =
0.55 m) with a mesh entry (0.32 m, stretched) and stretched mesh size of 28 mm.
Sampling protocols

A description of the habitat where the fishing effort (active and passive) is targeted, and the relevant
GPS co-ordinates shall be recorded.
For electrofishing effort, operators should record; number and duration (including power time on)
of shots, electrofishing unit settings, mean depth, distance traversed in each shot, proportion of each
habitat sampled.
For fyke netting effort, operators should record set and pull times (fyke nets will be set in the
afternoon and collected the following morning) and depth of water.
The end of fyke nets not fitted with exclusion grids (e.g. LFN) shall be suspended above the water
surface in order to allow bi-catch such as turtles and water rats to breathe if they become captured
within the net.
Within sites, SFNs will be set parallel to the shore line; LFNs will be set perpendicular to the
shoreline with the cod ends towards the middle of the channel. Nets shall be set in pairs (each pair
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will only represent one set of nets) obliquely to stream banks, facing upstream and downstream to
assess fish movement up and downstream.
For large bodied species, standard lengths (SL ±0.5 mm) should be recorded in the field. All small
bodied species caught will be counted in the field. Captured fish will be identified to species level
according to McDowall (1996), with the exception of the Hypseleotris genus, which is currently
under review (Bertozzi et al., 2000). All native fish will be returned live to their site of capture.
Exotic fish will be humanely destroyed and disposed of in accordance with the operator’s ethics and
licensing permits.
Catches will be standardised to fish per survey (survey CPUE) and fish per site (site CPUE).
Timing

Event Based: Reaches should be surveyed 3-times; (i) within the first 2-3 weeks of the full flow; (ii)
at the tail-end of flow; and (iii) the third after flow cessation and disconnection of residual pools.
Data analysis

Primary data outputs include the assessment of fish community species richness, variability, and
diversity, total catch for a fixed level of sampling effort, recognition of any rare, threatened or
endangered species, and the identification of any recent spawning events based on size frequency
distributions.
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8. Vegetation
Interim objectives for “Vegetation”

•
•
•
•
•
•
•
•
•

Maintain sustainable river red gum communities within the riparian zone
Maintain sustainable black box communities within the riparian zone
Maintain sustainable river cooba communities within the riparian zone
Determine the spatial extent and hydraulic influence of river red gum and black box as
invasive (increaser) species within the Anabranch Channel
Limit the extent of cumbungi (Typha) as an invasive (increaser) species
Limit the extent of recognised weeds as invasive (increaser) species
Maintain sustainable communities of flood tolerant understorey vegetation
Maintain sustainable communities of flood dependent understorey vegetation
Maintain sustainable communities of lignum habitats

Generalised Conceptual Model

Vegetation is a primary feature of riverine ecosystems. Vegetation in this context includes longlived woody vegetation (e.g. river red gum, black box) floating, submerged and emergent
macrophytes growing within the water body and along its edges, and plants within the floodplain.
These diverse vegetation types provide habitat and influencing factors such as primary and
secondary production, soil stability, nutrient cycling and water quality (Baldwin et al., 2005). As
the distribution and abundance of vegetation is strongly influenced by hydrology, alterations to
wetting and drying cycles are likely to impact on these assemblages and consequently ecosystem
function (e.g. nutrient cycling, soil condition, provision of food resources and structural habitat).
Assessment of vegetation can provide a good indication of disturbance (e.g. altered hydrology, soil
condition) at a site.

8.1 Long-lived woody vegetation (trees)

Interim objectives for “trees”

•
•
•

Maintain sustainable river red gum communities within the riparian zone
Maintain sustainable black box communities within the riparian zone
Maintain sustainable river cooba communities within the riparian zone

Conceptual Model

The following paragraphs are extracted from Scholz et al., (2007) (see references in that paper).
River red gums (Eucalyptus camaldulensis Dehnh. Myrtaceae) play an important functional role
within floodplain and systems through their provision of carbon (e.g. leaf litter) and habitat for a
range of aquatic and floodplain fauna (e.g. Briggs and Maher 1983, Briggs et al. 1997, Baldwin
1999, MDBC 2003a). During extended periods of drought, river red gums may become increasingly
reliant on access to groundwater using deep tap roots (Zohar 1985, White et al. 2001). Where such
resources are not available or are saline, river red gums may reduce their water requirement by
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shedding leaves, thereby reducing transpiration rates (e.g. Thorburn et al. 1994, Thorburn and
Walker 1994, Roberts and Marston 2000, MDBC 2001). Whilst such responses by individuals to
short-term water deficits are often non-lethal and reversible, little is currently known of the
cumulative impact of longer dry spells on the resilience of river red gums.
Black box (Eucalyptus largiflorens F. Muell.) typically form open woodlands on floodplains and
fringing ephemeral and intermittent s and water courses. black box differs from river red gums in
being less tolerant of flooding but more tolerant of prolonged dry conditions. Hence black box
woodlands tend to occur higher on the floodplain than river red gums and would naturally (i.e. prior
to regulation) have been subject to only extremely infrequent incidental shallow flooding from
major events if at all (Roberts and Marston 2000, White et al. 2003).
Targets

Tree condition targets will be developed based on results from preliminary surveys.
Based on ecological monitoring of tree condition in response to environmental watering projects at
Chowilla Floodplain and Hattah Lakes, it is considered likely that the maximum extent of
observable benefit to trees fringing the channel will be in the order of 50m. In areas of high clay
content this distance may be reduced, conversely in areas of high sand content, the distance may be
increased. Determining the spatial extent of in-channel flow benefits to fringing tree communities
will be a key objective during the first set(s) of flow events.
Hypotheses

•
•
•
•

The condition of native vegetation will increase through flow enhancement.
Native vegetation will germinate and recruit through flow enhancement.
The distribution of vegetation will change through introduction of wet-dry cycles.
The health and growth of native vegetation at higher elevations will increase.

Variables

•
•

Visual indices
Satellite Imagery

8.2 Visual Indices
Definitions of tree ‘health’ or ‘condition’ vary considerably depending on user context (e.g. timber
harvest, water catchment services, carbon sinks, wildlife habitat etc.). Field surveys have been used
to assess RRG (and black box) condition within the Lower Murray River floodplain (e.g. Lane and
Associates 2003, 2005, 2006, MDBC 2003a,b). These assessments of tree crown condition rely on
the visual assessment of individual trees using one or more subjective categorical rating scales
(refer to review in Scholz et al. 2006). Many of the indices typically used, have not been
specifically developed for assessing tree condition on lowland river floodplains, and this has
resulted in limited success of this approach. However, staff from the South Australian Department
for Water, Land and Biodiversity Conservation (DWLBC) and The Murray-Darling Freshwater
Research Centre (MDFRC) have recently (2005-07) been investing considerable resources into
developing a robust, standardised field methodology specifically for assessing tree condition on
lowland river floodplains.
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Methodology

The methodology (unpublished) of assessing red gum condition is based on a series of visual
assessments of certain characteristics for individual trees. Each assessment is made against a
hypothetical reference condition of the given tree if it was in full ‘health’. The parameters defined
in the methodology are; bark condition, canopy cover, new growth, canopy density, reproductive
status, leaf condition, mistletoe load, and diameter at breast height. This technique was developed
with the intention of having a simple, repeatable methodology for condition monitoring, that has an
additional suite of parameters that can be included (e.g. during periods of intervention monitoring or
for areas of specific interest) to complement the data collected during condition monitoring. The
three primary parameters suitable for monitoring of tree condition at s and water courses under
consideration for disconnection are; (1) bark condition, (2) canopy cover, and (3) new growth. The
diameter at breast height should also be recorded. The methodology to be used is detailed below.
The first step is to decide on location and numbers of transects to be established based on channel
complexity, and the distribution and number of trees present. Where possible, a minimum of 2
transects, each comprised of 30 trees should be used. Where possible, each transect should be more
than 500m away from the next nearest transect.
Select the starting point for the transect in a location where 30 mature trees (DBH > 10 cm) are
readily accessible. Trees shall be numbered 1 to 30. GPS locations of individual trees shall be
recorded. Where practicable (and permissible) trees should be temporally marked to aid
repeatability of transects. Two options for marking the trees are (i) flagging tape and (ii) plastic tags
(e.g cattle/sheep tags). Flagging tape is less invasive, but previous experience has shown this to
approach to more susceptible to vandalism and less durable. Fitted tags should denote (marked with
permanent marker such as paint pen) the transect location code tree number, and be located at head
height on a consistent side of the tree that is easily approachable for the transect. Failure to
accurately identify individual trees compromises the ability to assess (i) the impact of disconnection
on individual trees; and (ii) the influence of pre-existing tree condition on response to
disconnection.
Using the methodology outlined below, assess the individual condition of the 30 trees within each
transect. Observers should record site, transect number, date, and GPS location of each individual
tree. Observers should also record the GPS location, approximate number and condition (%
healthy, stressed, dead) of stands of saplings (saplings >3 m high but < 10 cm DBH, saplings 0.25 –
3 m high and seedlings (< 0.25 m high) within the transect.
Parameters for black box and river cooba differ slightly from those appropriate for river red gums.
For example, Cracking and shedding of bark is a characteristic not observed in stressed black box
and river cooba, but is prevalent in red gums. Although canopy condition is reported in categorical
groups (e.g. 10-25%) it is essential that observers record an actual estimate (e.g. 15%). This
provides capacity to refine the categories post-data collection with the highest resolution data.
1. Bark Condition
Long term dead trees (Fig 4.A) have no bark and have lost all of their medium and fine branches.
Very stressed trees have cracked bark, deep vertical cracks in the bark, that expose the heartwood
(Fig. 4.B and 4.C). Trees with cracked bark have generally lost all of their leaves or only have dead
leaves (see Table 3.1 for ranking).
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2. Canopy Cover
Canopy cover is a measure of the spatial extent of the tree canopy (see Fig. 5). Canopy cover is
assessed as the extent to which the existing canopy fills the hypothetical full extent of the canopy
structure (see Table 3.2 for ranking). It is important to note that old trees may have substantial gaps
in the canopy as the canopy structure (branches) spread apart. Due to between site variability (e.g.
lower Murray River v’s Darling River) in predominant tree canopy condition, a pilot study will be
required to ensure that appropriate % canopy groups are utilised.

3. New Growth
Records the presence of new growth, either new leaves, or epicormic growth (see Fig. 6), and is
measured as the spatial extent of new or epicormic growth on the branches and trunk (see Table 3.3
for ranking).

4. Diameter at Breast Height
Record the diameter of the tree at 1.3m above the ground.

Table 3.1: Assessment of bark condition.
Category
0
1
2

Description and Range
Long Term Dead (no bark or fine branches)
Cracked Bark
Intact Bark

Table 3.2: Assessment of canopy condition.
Category
0
1
2
3
4
5

Description and Range

% Cover

No canopy or sparse dead leaves (near dead)
Full or substantial canopy of dead leaves (near dead)
Sparse canopy of live leaves (highly stressed)
Minimal Cover (stressed)
Moderate Cover (moderately stressed)
Full Cover (healthy)

0%
0%
<10%
10-25%
26-75%
76-100%

Table 3.3: Assessment of New Growth
Category
0
1
2
3
4

Description and Range

% Cover

None
Sparse
Minimal Cover
Moderate Cover
Dense Cover

0%
<10%
10-25%
26-75%
76-100%
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Figure 4. Assessment of bark condition [A] Long-term dead tree (Category = 0); [B] & [C] Cracked
Bark (Category = 1).

Figure 5. Assessment of canopy condition [A] No canopy or sparse dead leaves (near dead, Category
= 0); [B] Moderate Cover (stressed, Category = 3); [C] Full Cover (healthy, Category = 5).

Figure 6. Assessment of new growth [A] Dense cover (Category = 4).
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Timing

In order to constrain costs, intervention based monitoring (e.g. surveys repeated before, 3 months
and 6 months post-flow) of tree condition has not been included. It is considered that annual
surveys conducted in spring will provide sufficient temporal resolution to record changes in
condition.
Data Analysis

A formal protocol for analysis of tree condition data is currently being developed by staff from the
MDFRC and DWLBC.

8.3 Remote Sensing - Satellite Imagery
The following is adapted from Scholz et al., (2007) (refer to original document for references
contained within).
Remote sensing methods, such as normalised difference vegetation index (NDVI) (Aerometrex Pty
Ltd St Morris SA), ECCI and ECHIDNA (Old and Coop 2003 and CSIRO 2005 cited by Wheal
2006), though still in their infancy offer distinct advantages over field assessments, especially
where large areas need to be covered.
Two options available to obtain remote sensing imagery are via satellite and airborne sensors. Of
these, airborne images are more cost effective and provide greater spatial resolution (0.04-0.5m
resolution) than satellite imagery (e.g. IKONOS and Quickbird satellites 2.4-4.0m resolution) (refer
to McCarthy et al. 2006).
Vegetation indices calculated from aerial images provide a means for interpreting spatial and
temporal differences in vegetation types, and between vegetation and artificial objects. Of the
remote sensing methods currently available, the NDVI is preferred for vegetation monitoring
because of its capacity to compensate for changing illumination conditions, surface slope, aspect,
and other extraneous factors.
Remote sensing of vegetation condition relies on the reflectance/absorbance of different
wavelengths in the presence of plant chlorophyll and plant biomass. For example, chlorophyll
strongly absorbs visible light (0.45-0.63 nm) for use in photosynthesis, and the cell structure of the
leaves strongly reflects near-infrared light (0.70-1.3 nm). Based on these characteristics, it is
possible to obtain a measure of ‘greenness’ or ‘condition’ for a given area calculated as NDVI:
Normalized Difference Vegetation Index

NDVI = (Near IR – Red) / Near IR + Red)

For example, healthy vegetation absorbs most of the visible light that hits it and reflects a large
proportion of the near-infrared light. Conversely, unhealthy or sparse vegetation reflects more
visible light and less near-infrared light. Calculations of NDVI for a given pixel produce a number
that ranges from -1 to +1. Derived NDVI values may be interpreted as follows: water bodies (1.0→-0.2), damp exposed soil no vegetation (0), exposed soil and dead vegetation (0→+0.3), live
vegetation with higher values indicating maximum density of green leaves (+0.3→+0.9), and
mixture of vegetation response and shadow (+1.0). Using these values, trees can be isolated from
background noise (i.e. water bodies, exposed soil, dead vegetation and shadows) and summary
statistics of tree condition determined for ecological vegetation class (EVC) defined areas (i.e.
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percentage of community in good/poor condition or with in-/decreasing canopy cover) (D. Ralph
pers. comm. Aerometrex Pty Ltd).
Potential for use of NDVI analysis on the Darling Anabranch

It was anticipated that archived satellite imagery would be available that could be used to determine
a pre-drought baseline condition. Preliminary discussions with staff from Aerometrex and Sunrise
21 reveal that suitable (multi-spectral) baseline imagery for the area does not exist. Images from
Spot (20m resolution) would not be suitable for the normal approach to NDVI methodology. The
earliest archived imagery from Quickbird (2.4m resolution) is March 2006 and coverage does not
include the entire Anabranch. Limited coverage of the Anabranch was obtained in Feb 2003 and
2006 via aerial photography (0.35m resolution) (see Fig. 7). This data would need to be orthorectified and analysed.
Timing

This option has merit for future surveys on an intermediate time scale (e.g. every 3 years) but would
need to be investigated in finer detail.
Data Analysis

Two types of NDVI-based images are able to be generated from ortho-rectified multi-spectral band
width aerial photographs: NDVI vegetation condition images for each time period and change-inNDVI vegetation cover between time periods. In contrast to NDVI vegetation condition images,
which have a pixel resolution ranging from 0.2-0.3 m, producing change-in-NDVI vegetation cover
images requires more complex algorithms that correct for differences in ‘tree lean-over’ (cf.
parallax) between images. This process reduces pixel resolution to 100 m.
Remote imagery may also be particularly useful in mapping vegetation patches and expansion of
within-channel eucalypt stands etc.
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Figure 7. Map of Anabranch depicting available satellite imagery and potential area for capture of
future imagery (Image courtesy Sunrise 21). Area banded in black is the sections proposed for future
surveys.
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8.4 Particulate Natural Organic Matter (leaf litter) Loading.

Interim objectives for “Particulate Natural Organic Matter”

•

Maintain distribution and abundance of Particulate Natural Organic Material (leaf
material)

Conceptual Model

The release of nutrients and carbon from inundated floodplains is well documented (Baldwin and
Mitchell 2000 and references therein) and it is generally considered that a substantial component of
the dissolved organic material entering streams is leached from terrestrial plant material (Baldwin
1999; McKnight et al. 2003). Soils (Nelson et al. 1996), and grazed grasslands (McTiernan et al.
2001) are also a key source of organic material in some catchments. Carbon and nutrients from
terrestrial vegetation is believed to be an important component in the functioning of lowland river
systems (Junk et al., 1989); For example, it has been demonstrated that in low order streams, up to
99% of total energy inputs are from terrestrial inputs (Fisher and Likens 1973). The carbon and
nutrients are essential in fuelling in-channel productivity. The magnitude of terrestrially derived
organic material (e.g. plant/leaf material) that can contribute organic carbon and nutrients to the
system will be directly related to the dominant vegetation type and density, season, antecedent dry
period (time since last flood) and the canopy condition of trees in riparian zone. For example, litter
loadings for black box woodland, grassland and lignum shrublands on the Chowilla Floodplain
demonstrate generally low median loadings of less than 400g m-2 compared to litter loads for the
river red gum forests (median load of 2500 g m-2). The wide range of loading in river red gum zones
on the Chowilla Floodplain (650 – 6100 g m-2) reflect the difference in organic loading in areas
with canopy condition ranging from poor to good. Assessment of variability in organic loading
between elevations will provide an indication of the rise in water level required during flows to
result in a significant input of natural organic material into aquatic food webs.
Targets

Targets will be based on results from preliminary surveys. Frameworks such as Ecological
Vegetation Class bioregion benchmarks developed by The State of Victoria Department of
Sustainability and Environment are likely to provide appropriate bioregion benchmarks.

Hypothesis

Organic loading will be directly related to vegetation type, tree density and tree condition.
Variables

•

Organic loading (grams of organic material m-2)
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Methodology

Organic loading (grams of organic material m-2) will be assessed at three spatially separated sites
within each reach. Loading of NOM to the riparian zone floodplain will be determined by
measuring standing litter mass annually. At each site, all recognisable organic material (leaf litter)
down to the soil horizon will be collected from within three spatially separated, randomly selected
1m2 quadrats (i.e. 9 quadrats per reach). Collected material will be returned to the laboratory, dried
at 60 degrees Celsius for 24 hours and weighed. Loading of NOM to the anabranch channel will be
estimated using a modelling approach (Bowen et al., in prep), which calculates aerial dispersal of
litter based on tree height, distance to objective (in this case, the anabranch channel) and riparian
canopy width. At each site, litter production within the riparian zone will be measured using three
mesh litter traps (0.5 m2 area) deployed at 1.3m above ground level (i.e. 9 traps per reach). Traps
will be cleared (at least) 3 times per year and litter mass determined as outlined above. Mean tree
height at each reach will be determined by measuring the height of 5 randomly selected trees at
each site using clinometers or laser surveying equipment (ie 15 trees per reach). Mean distance of
the nearest canopy to the channel (or degree of canopy overhang) and mean riparian canopy width
will be determined from 5 measurements at each site (either on ground or using remote imagery if
resolution is sufficient) (ie 15 measurements of each variable per reach).

Timing

Litter production to be assessed (at least) 3 times per sampling year.
Data Analysis

Comparison between sites, vegetation types and elevation. The model developed (Bowen et al., in
prep) will be utilised to provide a qualitative assessment of the ecological importance of leaf litter
within the riparian zone to ecological function.

8.5 In-channel regeneration of Red Gum & Black-box

Interim objectives for “in-channel regeneration of River Red Gum & Black Box”

•

Determine the spatial extent and hydraulic influence of river red gum and black box as
invasive (increaser) species within the Anabranch Channel

Conceptual Model

From Schloz et al., (2007) (refer to original document for references).
For populations to persist within their current distribution range, recruitment must keep pace with
mortality, and recruitment must be evenly dispersed throughout the population range. In variable
environments, opportunities for reproduction occur patchily in time and space, and favourable
conditions must occur sufficiently often to allow growth to maturity (George et al. 2005). The
recruitment and survival characteristics of a community of trees are at least in part indicated by their
age-class distribution. RRG stand structure may be influenced by recruitment events, such as
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flooding, and by disturbance events, such as fire or logging. Whilst these processes may result in
the presence of overlapping age classes or the predominance of a single cohort, the overall viability
of a stand is reflected in the frequency distribution of age classes. Ideally this distribution should
approximate a smooth inverse J-curve or log normal function, and reflects the need for recruitment
to counter losses through disturbance and mortality (e.g. Smith et al. 1997, Kohira and Ninomiya
2003, George et al. 2005).
Targets:

Specific targets are yet to be defined due to lack of existing data. They may be able to be
determined using the Ecological Vegetation Class bioregion benchmarks developed by The State of
Victoria Department of Sustainability and Environment.
Hypothesis

•
•

The distribution of flood dependent and flood tolerant vegetation will change through reintroduction of wet-dry cycles.
Weed/nuisance native vegetation will be scoured or drowned during flow periods

Variables

•
•
•

Transect surveys of spatial distribution of eucalypt species.
Tree size class distribution
Patch size (rate of in-channel expansion)

Methodology

From Schloz et al., (2007) (refer to original document for references).
Transect surveys will be used to establish the spatial arrangement of river red gum and black box
age/size classes within the channel and on the channel edges. A transect rather than a quadrat based
approach to sampling was selected as transects are more likely to provide a more precise assessment
of community structure per unit effort for unevenly distributed populations, such as RRGs
(Caughley and Sinclair 1994). Transects at each site will be set perpendicular to key environmental
gradients, such as water courses or water bodies and elevation.
Establishing the age of eucalypts in semi-arid regions is problematic, where rainfall and seasonal
temperatures constrain the production of annual tree rings (cf. George et al. 2005 and references
therein). Instead, tree size measured as trunk (or bole) diameter is commonly used as a surrogate for
tree age, and this approach will be used here (cf. Roberts and Williams 2004, George et al. 2005).
For trees > 3-4 m high trunk diameters will be recorded at a height of 1.3 m (i.e. diameter at breast
height; DBH). For smaller trees, trunk diameter will be measured above the tree base and below the
first bifurcation.
Transect location and elevation (base of channel, edge of channel, top of bank will be recorded to
allow investigation of spatial relationships. The size (width, length (meters) and location (GPS coordinates)) of within-channel eucalypt stands will also be recorded to provide a measure of rate of
expansion.

52

Timing

As community structure is likely to vary little from year to year, surveys at individual sites will only
need to be repeated every 3 years in conjunction with assessments of canopy condition. However, in
order to balance workloads, sites will be assessed on a rotating basis, with a subset of sites assessed
each year.

Data Analysis

Size class-frequency (trees per ha), size class-frequency-elevation, and rate of patch-expansion will
be assessed.

8.6 Understorey (non-woody vegetation)
Interim objectives for “understorey vegetation”

•
•
•

Limit the extent of recognised weeds as invasive (increaser) species
Maintain sustainable communities of flood tolerant understorey vegetation
Maintain sustainable communities of flood dependent understorey vegetation

Conceptual Model

Riparian understorey strata provide habitat for many terrestrial fauna (particularly small bush birds
and ground mammals), form ground cover in conjunction with litter from overstorey species which
reduces erosion and enhances soil water retention, contribute to riparian nutrient and water cycling
processes and provide organic matter to both terrestrial and aquatic food webs. The understorey of
riparian woodlands in the Darling Anabranch region is comprised mostly of small to medium
chenopods with sparse cover of small herbs and tufted graminoids. In naturally ephemeral systems
such as the Anabranch, native riparian plant species have adapted to wetting and drying cycles
which have a high degree of variability. Where this variability has been reduced through river
regulation, native plants tend to be replaced by introduced species, particularly where grazing of
native species occurs and disturbance promotes the colonisation of invasive weeds.
The return of more natural wetting and drying cycles to ephemeral systems tends to promote
flowering, seed production, germination and recruitment of native species over exotic species
(MWWG research, unpublished data). While high within-channel flows are generally sufficient to
enhance flood-tolerant vegetation communities, over-bank flows are required intermittently to
sustain flood-dependent species.
The impact of grazing may significantly influence the results of the vegetation surveys. Although
control sites (e.g. grazing exclosures) could be established, there are financial and logistical
constraints associate with this. Consequently it will be important to liaise with relevant graziers to
determine grazing rates at the monitoring sites and to incorporate this information into the analysis
and interpretation of the data.
Targets

Targets are yet to be defined due to a lack of existing data, however they will be developed in the
future based on results from baseline surveys and initial flow events. Targets for factors such as
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invasive weeds and plant communities that should be present within respective EVC classes may be
able to be determined using the Ecological Vegetation Class bioregion benchmarks developed by
The State of Victoria Department of Sustainability and Environment.
Hypothesis

•
•
•
•

The health and growth of native vegetation will increase through flow enhancement.
Native vegetation will germinate and recruit through flow enhancement.
The distribution of vegetation will change through introduction of wet-dry cycles.
The health and growth of native vegetation at higher elevations will increase.

Variables

•

Diversity and relative abundance of flood tolerant/flood dependent vegetation across
elevation gradients.

Methodology

It should be noted that assessment of species composition in autumn or winter will complicate
analysis of data as senescence of annual plants can (i) complicate identification and (ii) cause
underestimation in species counts (Baldwin et al., 2005).
Quantitative vegetation surveys will follow the procedure developed by Nicol and Weedon (2006)
for the South Australian component of the Chowilla Floodplain Icon Site. This procedure has
subsequently been implemented at the Victorian (Lindsay-Mulcra-Wallpolla) component of the
Chowilla Floodplain Icon site and at the Hattah Lakes Icon Site (Scholz et al., 2007).
Optimum quadrat size will be determined by assessing species area curves obtained from adjacent 1
x 1 m quadrats at each elevation. Assessments undertaken on the Chowilla Floodplain suggests that
15 x 1 m quadrats are likely to suffice (Nicol and Weedon 2006). However, to ensure representative
sampling occurs, 20 x 1m should be used.
At each site, establish four sites (spaced as widely as possible e.g >500m). An initial inspection of
the site should be used to identify substantial differences in vegetation functional groups and
community distributions. If distinct communities exist, this should be taken into account when
locating sites. At each site, four transects (comprised of 20m x 1m quadrats) spatially separated by
50m will be surveyed. Transects are to be arranged in a straight line, with each of the replicate
transects running perpendicular to the channel (Figure 8). Quadrats within each transect are to be
established at 0 cm (the standing water level at the time of sampling), +30cm and +60 cm to survey
the riparian vegetation. One quadrat per transect will also be established at 30 cm and 60cm below
the water (or the deepest point if the depth is less than 30 cm). Transect elevation should be
determined using a laser level or similar surveying device.
The location of all quadrats will be recorded by GPS and should be permanently marked with a
hardwood survey peg (e.g. 2 x 2 x 30cm) labelled with the transect number. It should however be
noted that survey pegs are susceptible to vandalism and or theft.
Systematically proceed down the transect recording the presence/absence of each plant species that
has live roots within each 1 x 1m cell to complete each 20m x 1 m quadrat and a score out of 20 for
respective species. In addition to vegetation, bare earth and coarse woody debris are to be included
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as taxa (and given a score of one for each respective cell). Species abundances will be determined
by frequencies, with each quadrat divided into 1 x 1 m cells and the presence or absence of species
in each noted.
Plants should be identified to species level using appropriate taxonomic keys (e.g. Cunningham et
al. (1981), Sainty and Jacobs (1981), and Romanowski (1998). It is important to collect
representative voucher specimens (or high-resolution digital photographs) of plant species that the
operator is not familiar with which should then used to develop a reference collection or be lodged
at a herbarium. A trained plant taxonomist should verify all identifications.
Timing

The following is adapted from Scholz et.al. (2007).
Vegetation surveys will be undertaken during mid-late summer each year to standardise for season
and to incorporate the peak growing period for many species (January-February; cf. Mitchell and
Rogers 1985). Whilst comparisons between annual surveys may be confounded by differences in
the successional development of vegetation assemblages following disturbances (e.g. flooding or
drying), the magnitude of such successional artefacts will be reduced where events occur during the
spring-early summer high flow period. However, it will not be possible to control for other
potentially important determinants of assemblage structure such as differences in both terrestrial
and aquatic grazing pressure and physical disturbances (e.g. carp, pig and rabbit densities) during
and between flood events. These issues will not be examined directly as part of the current program.

Data Analysis

A complete species list identifying rare, threatened, exotic and invasive plant species should be
presented. Multi-variate analyses of collected data using PRIMER V5 (Primer-E Ltd. 2000) will
permit the identification of shifts in assemblage composition between elevations and years.
Assessment of shifts in distribution and abundance of functional groups will be a key output.
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Figure 8. Elevation and plan view of transect layout for vegetation monitoring (Figure courtesy Oliver
Scholz).
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8.7 Photo-points
The purpose of photo-points is to provide a visual assessment of changes in vegetation condition
and channel morphology over time. Consistency in photographs is essential to provide a valuable
observational record of trends in condition over time. A minimum of one photo-point shall be
established for each site within each reach. The photo-points should be representative of the riverine
landscape, and the locations must be clearly identifiable.
Mark the photo points by inserting a survey peg (e.g. HDPE (poly) 3 x 3 x 130 cm with a painted
tip) in the ground. Label the survey peg with the site number. Insert a “sighter” peg 10m away from
main peg (see Fig. X). Record GPS location. A small white board (e.g. 0.3 x 0.3m) with the site
name, site number, and date (dd/mm/yyyy) should be placed at the base of the “sighter” peg.
Photos should be taken using a high-resolution (≥5MPixel) digital camera. The photo is taken from
the base of the photopoint peg with the camera lens set on wide and the focus set on infinity (Fig.
6). Where possible (due to elevation and aspect) the viewfinder should be centred on the sighter
peg. Record photo number, with reference to site, photopoint number and GPS location.
Blue-tooth enabled GPS and blue tooth enabled cameras, that imbed GPS coordinates into the
photos and synchronise with GIS software are recommended.

Figure 9. Position of photograph at photo-point (Tatnell 1987).

Timing

In conjunction with vegetation and geomorphology surveys.
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8.8 Understorey (non-woody vegetation)
Interim objectives for “Lignum”

•

Maintain sustainable communities of lignum habitats

Conceptual Model

From Scholz et al., (2007) (refer to original document for references). .
Lignum (Muehlenbeckia florulenta Meissn.) is a multi-stemmed native woody perennial shrub with
rigid, tangled, intertwining branchlets (Sainty and Jacobs 1981), and is common in low-lying areas
of the floodplain that are subject to flooding every 3-10 years (Craig et al. 1991). Lignum occurs as
an understorey in eucalypt woodlands or in riverflat shrublands, and may form dense thickets 2-3 m
high. In the absence of flooding, lignum tends to be replaced by more terrestrial plant species,
particularly flat-top saltbush (Atriplex lindleyi) and nitre goosefoot (Chenopodium nitrariacium),
which do not provide the structural complexity and aquatic habitat values of lignum (Ecological
Associates 2006a). Lignum thickets are an important habitat for terrestrial animals and, when
inundated, provide structural habitat that is beneficial to many aquatic species (e.g. fish, reptiles,
invertebrates) and water dependent birds (e.g. Cowling and Lowe 1981, Maher and Braithwaite
1992), and thus play a potentially important role in maintaining such biota.
Lignum often appears to be in poor condition, with dry, brown stems and no leaves during dry
periods. However, because of its tuberous habit it is more resilient to desiccation stress than its
above ground biomass alone would suggest. This allows lignum to respond rapidly to rainfall or
flooding by producing shoots, leaves, flowers and seeds (Craig et al. 1991, Roberts and Marston
2000). As the seeds produced by lignum are thought not to persist for long on the parent plant or in
the soil, and seeds germinate opportunistically regardless of season, the persistence of lignum in
environments prone to erratic wet/dry cycles appears to depend mainly on its capacity to tolerate
dry periods and its capacity to respond quickly to watering (i.e. set seed and germinate) (Chong and
Walker 2005).
Targets

Specific targets have not been determined for this objective at this stage due to a lack of data.
Objectives will be defined once baseline surveys have been completed.
Hypothesis

The persistence of lignum in the Anabranch will be dependent on its capacity to tolerate dry periods
and to respond quickly to watering.
Variables

•
•

Mapping of distribution
Assessments of condition

Methodology

From Scholz et al., (2007) (refer to original document for references).
Lignum condition will be assessed annually using categorical rating scales describing the
percentage of above ground plant biomass that is viable (i.e. not dry/dead), and colour of the viable
crown; the Lignum Condition Index (LCI) (Table 4). We believe that this approach represents an
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improvement on the Greenness Index proposed by Southgate (nee Craig) in that it permits the
identification of both changes in biomass (growth response) and colour (photosynthetic response),
and avoids the need to observe short-term flowering and seed production events.
Although Lignum Condition Index is reported in categorical groups (e.g. 75 < x ≤ 95 %) it is
essential that observers record an actual estimate (e.g. 80%). This provides capacity to refine the
categories post-data collection with the highest resolution data.
Survey sites will be haphazardly distributed throughout the distribution range of lignum within each
reach to ensure as wide a spatial coverage as possible. The number and location of sampling sites
will be established during the initial survey. Thirty plants reflecting the range and frequency of
conditions present at each site will be marked and assessed. Recording the location (GPS GDA94
datum co-ordinates) of each plant encountered will permit the exploration of spatial and
topographic relationships.

Score
6
5
4
3
2
1
0

Lignum Condition Index (Scholz)
% of above ground
biomass that is viable
Colour of viable crown
> 95%
75 < x ≤ 95 %
All green
50 < x ≤ 75 %
Mainly green
25 < x ≤ 50 %
Half green, half yellow/brown
5 < x ≤ 25 %
Mainly yellow/brown
0<x≤5%
All yellow/brown
0%
No viable stems

Table 4: Categorical scales developed for assessing the condition of lignum.

Timing

Monitoring will take place during spring and early summer.
Data Analysis

From Scholz et al., (2007b) (refer to original document for references).
Differences in condition estimates between sites within years will be assessed by comparing median
site Lignum Condition Index scores non-statistically. Differences in condition estimates of
individual plants between years will be assessed using paired sample t-tests. Although the
categorical nature of Lignum Condition Index scores strictly speaking precludes the use of
parametric paired sample t-test, no non-parametric equivalent of this test is possible. Alternative
approaches such as the non-parametric Kruskal Wallis test requires sample populations to be pooled
(i.e. the pooling of individual Lignum Condition Index scores within treatment sites/times).
However, doing so necessarily increases sample variance and reduces the ability to detect treatment
responses.
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8.9 Cumbungi

Interim objectives for “Cumbungi”

•

Limit the extent of cumbungi (Typha) as an invasive (increaser) species

Conceptual Model

From Scholz et al., (2005) (refer to original document for references):
Two species of cumbungi have been recorded within the Mallee region, both of which are native:
the narrow-leafed Typha domingensis and the broad-leafed T. orientalis. Cumbungi flowers in
spring-summer, its seeds are dispersed both with the water and through the air, and germination and
seedling establishment dependends on the availability of water (depth >5 cm). Once established,
cumbungi forms tall (2-4 m) dense mono-specific stands in water up to 2 metres deep and has the
ability to expand by rhizome extension throughout the year, although most rapid rhizome extension
typically occurs after mid-summer once the canopy has reached maximum biomass and flowering
has occurred (Roberts and Ganf 1986).
Mature cumbungi stands typically comprise three distinct concentric zones; an actively expanding
outer edge characterised by laterally colonising shoots, an inner denser mature zone characterised
by reproductive shoots and taller leaf shoots, and a central core of senescent and senescing shoots
(cf. Scholz et al. 2006). Whilst mature stands can tolerate exposure for 3-4 months in summerautumn once the growing season is over without loss of vigour, its rhizomes can survive longer
periods of exposure (possibly a few years) where soil moisture is sufficient to prevent desiccation
(Froend and McComb 1994, Roberts and Marston 2000). The management of cumbungi by
desiccation is thus unlikely to prove effective. Conversely, inducing physiological stress through
prolonged exposure to water depths >2 m (i.e. drowning) is not possible under current or proposed
flow management scenarios. Consequently, alternative management actions such as cutting stems
below the water level to drown plants, poisoning or physical removal may prove more effective in
controlling the spread of cumbungi (cf. Brooke et al. 2006).
Cumbungi is viewed as a key threat to aquatic ecosystems throughout the region due to its vigorous
growth, and its ability to both displace other plant species and to reduce the hydraulic capacity of
floodplain channels and flood runners (e.g. Roberts and Wylks 1992, Roberts and Marston 2000).
Recent work at Webster’s Lagoon (Lindsay Island) and Potterwalkagee Creek (Mulcra Island) has
highlighted the rapidity with which cumbungi has appeared and expanded over recent years (Scholz
et al. 2006). Therefore, we consider it appropriate that the distribution of cumbungi be monitored as
part of the condition assessment program.
Targets

This target will be developed based on results from baseline mapping and initial flow events. A
preliminary target may be to reduce the rate of expansion of individual stands if they re-establish
after flow events.
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Hypothesis

Introduction of a variable surface water regime and the associated extended periods of drying
(exposing) cumbungi will reduce stand vigour (defined as rate of expansion).
Variables

•

Size of individual stands

Methodology

Annual assessments of cumbungi distribution will be based on field surveys of the Anabranch
Channel and adjacent floodplain depressions where soil moisture is sufficient to support mature
cumbungi. The location of each stand of cumbungi encountered will be recorded (GPS; GDA94
datum).
Timing

Monitoring will take place annually in spring and early summer.
Data Analysis

Comparisons between years will allow for the identification of both increases in cumbungi range
and cumbungi stand density. Broad spatial scale analyses of rates of individual stand expansion may
be achievable via aerial photography if the imagery is available.
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9. Frogs
An interim objective for “Frogs”

•

Maintain sustainable communities of frog species known to the area.

Conceptual Model

Floodplain systems represent critical habitat for the breeding and larval development of many
Australian frog species. As frogs are known to be sensitive indicators of environmental change
(including water quality, habitat fragmentation and changes to hydrologic regime - US EPA 2002c)
monitoring frog community structure and dynamics can give useful insights into changes in site
condition (Baldwin et al., 2005). Frogs are anticipated to be most impacted by the loss of aquatic
habitats during the drying phases. Consequently it is anticipated species dependent on permanent
water are expected to have suffered a decline in distribution through the current dry period.
Maintenance of “sustainable communities” will therefore result in very different distribution for
frog species that are dependent v not-dependent on permanent water.
Targets

Due to a lack of existing data this target will be developed based on results from baseline surveys
and initial flow events.
Hypothesis

Distribution, abundance and diversity of the riparian frog species will be tightly coupled to the
availability of surface water.
Variables

Frog species, diversity and distribution
Methodology

Due to the anticipated lack of activity and associated detection issues, sampling for frog populations
will only be undertaken as intervention (event based) monitoring in order to constrain costs.
Monitoring of frog populations is relatively straightfoward, as individual species have distinct calls
and can be identified accordingly. The EPA FROG CENSUS web page
http://www.epa.sa.gov.au/frogcensus/ has information on species description, calls, and keys to
identifying the frogs present in South Australia. Descriptions of the calls are also available in the
book titled A field guide to frogs in Australia (59).
Frogs should be identified to species level primarily by listening for the male advertisement calls.
Calls will be recorded for 10 minutes at each site with a digital sound recorder at least 20 minutes
after dusk. The abundance of calling males will be counted for each species. The call of the
southern bell frog Litoria raniformis will be played back for 1 minute in an attempt to elicit calling
from any males of this threatened species present at the sites. Spotlighting shall be undertaken for
10 minutes at each site (two observers) to visually identify the frogs present.
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Timing

Event Based. During the intervention program, frogs should be surveyed 3-times; (i) within the first
2-3 weeks of the full flow; (ii) at the tail-end of flow; and (iii) the third after flow cessation and
disconnection of residual pools.
Frog surveys should be undertaken during the evening after dark. As different frog species call at
different times during the spring period, surveys should be undertaken at each site between
September and November to ensure surveys record the range of frog species present. The timing of
the first survey will be dependant on when flows are received.
Data Analysis

Report on temporal and spatial variation in the abundance and diversity of frog species at the
respective sites.
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10. Birds
An interim objective for “Birds”

•

Provide suitable habitat, including breeding habitat in some years, for a wide range of
waterbird and -dependent species

Conceptual Model

Australian waterbirds in the main are highly mobile fauna, and so a wide range of species can be
expected to colonise newly created aquatic habitat when water flows down the Darling Anabranch.
The return of an episodic flow and drying system should allow limited boom-bust dynamics to be
restored, and waterbirds will respond accordingly. It is anticipated that some functionality will be
restored to the Darling Anabranch and this will be reflected in breeding responses by a small
number of waterbirds during environmental flows (and unregulated floods), and by the presence of
at least 20 species of waterbird across four broad waterbird functional groups (defined below as
assemblages).
There may be scope to include riparian woodland birds in the proposed monitoring program.
However, as riparian woodland would not normally constitute vegetation, brief attention only is
paid to woodland birds. It is pointed out that woodland birds might prove to be a convenient
indicator of riparian woodland health (Bryce et al. 2002), although we are unaware of relevant
Australian research into the issue. It would only be worth including a riparian woodland bird
component in the monitoring program if there were comparable control sites (riparian woodland
along now usually dry channels) incorporated into the design. Consequently this topic is not
addressed further.
Waterbird Assemblages

Faunistically the waterbirds of the Darling Anabranch are the same species as occur in adjacent
portions of the Murray River, and so the assemblage definition erected by Scholz et al. (2007) for
the Lindsay-Mulcra-Walpolla Islands is used here.
Waterfowl (WF) is a taxonomically defined group and in Australia comprises swan, geese and
ducks. Fourteen species could occur in the region:
Magpie Goose
Plumed Whistling-Duck
Blue-billed Duck
Musk Duck
Freckled Duck
Black Swan
Australian Shelduck
Australian Wood Duck
Pacific Black Duck
Australasian Shoveler
Australian Grey Teal
Chestnut Teal
Pink-eared Duck
Hardhead
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Three species – Australian Wood Duck, Pacific Black Duck, Australian Grey Teal – are likely to be
reasonably abundant and respond positively to the imposition of Environmental Flows, while
Hardhead may also respond rapidly to newly flooded habitat along the Anabranch. Individuals of
Pacific Black Duck, Australian Grey Teal and Hardhead Duck sp. could be expected to breed in
response to environmental flows; a large breeding event by these and other waterbird species would
only be likely as a response to a much larger flood. Smaller numbers of some to most of the other
species should be detected over the life of the monitoring program.
Colonial Nesting Waterbirds (CNW) is defined taxonomically as species belong to two Orders,
the Pelecaniformes and Ciconiiformes, and 20 species could occur in the Anabranch region:
Darter
Little Pied Cormorant
Pied Cormorant
Little Black Cormorant
Great Cormorant
Australian Pelican
White-faced Heron
Little Egret
White-necked Heron
Great Egret
Intermediate Egret
Cattle Egret
Nankeen Night Heron
Little Bittern
Australasian Bittern
Glossy Ibis
Australian White Ibis
Straw-necked Ibis
Royal Spoonbill
Yellow-billed Spoonbill
Most of these species will be detected over the life of the monitoring program, and a limited
breeding response to Environmental Flow could be anticipated for some of the more common
species that do not require large flood conditions (and colonies) in which to breed, e.g. Darter, Little
Pied Cormorant, White-faced Heron and Yellow-billed Spoonbill in particular; a few of the other
species might breed, particularly under larger flood conditions than the standard 60 ML release.
Waders-Shorebirds (WS), including:
Australian Shorebirds (AS)
Australian Painted Snipe
Bush Stone-curlew
Black-winged Stilt
Banded Stilt
Red-necked Avocet
Black-fronted Dotterel
Red-kneed Dotterel
Masked Lapwing

Migratory Shorebirds (MS)
Latham's Snipe
Black-tailed Godwit
Marsh Sandpiper
Common Greenshank
Wood Sandpiper
Common Sandpiper
Red-necked Stint
Long-toed Stint
Pectoral Sandpiper
Sharp-tailed Sandpiper
Curlew Sandpiper
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A large number of other migratory shorebird species could occur in the Darling Anabranch region,
but generally there will be very little suitable habitat along the Anabranch channel itself for the
migratory shorebirds. Only two or three species from either group of shorebirds might be regularly
detected along Anabranch channel habitat, and then mainly in backwaters, namely Masked
Lapwing, Black-fronted Dotterel, and sporadically the Red-kneed Dotterel; summer surveys might
encounter a few commoner migratory species.
Many more species in this assemblage would be expected to occur in the region after large floods.
Limited breeding by Masked Lapwing and Black-fronted Dotterel could be expected as a response
to an Environmental Flow release.
Other Waterbirds (OW) include 17 species in four families (listed in Table 4.3 of Scholz et al.
2007) and comprise grebes, rails and coots, terns, Silver Gull and Brolga. Small numbers of
Australasian Grebe, Purple Swamphen, Dusky Moorhen, Eurasian Coot and tern species are likely
to occur along the Anabranch in response to environmental flow releases. Breeding by the Dusky
Moorhen in response to an environmental flow release could be expected.

Targets

It may be unrealistic to set quantitative targets in the absence of any baseline or pilot study, but that
is attempted here. Since the Anabranch is currently dry, it is easy to set qualitative targets under the
expectation that some species of waterbird across the four assemblages will colonise aquatic habitat
once it is provided by Environmental Flow releases. These targets are in line with ‘increased bird
diversity’ advocated by Nias (2002).
A successful environmental flow release could be measured by the number of species of waterbird
observed along the length of the Darling Anabranch, and 25 species (in summer) would be a
reasonable expectation (20 in winter).
Target 1: Several species of waterfowl (WF) will occupy the Darling Anabranch during
environmental flow releases and their recession.
Target 2: Several species of colonial nesting waterbirds (CNW) will occupy the Darling Anabranch
during environmental flow releases and their recession.
Target 3: Several species of waders-shorebird (WS) will occupy the Darling Anabranch during
environmental flow releases and their recession.
Target 4: Several species of other waterbirds (OW) will occupy the Darling Anabranch during
environmental flow releases and their recession.
Target 5: Several species of waterbirds (across all assemblages) will attempt to breed along the
Darling Anabranch during environmental flow releases and their recession.

Hypothesis

Hypothesis 1a: When inundated, species richness of waterfowl (WF) is greater than or equal to
three at each sampling station;
Hypothesis 1b: When inundated, cumulative (across station) species richness of waterfowl (WF) in
the Darling Anabranch is greater than or equal to five.
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Hypothesis 2a: When inundated, species richness of colonial nesting waterbirds (CNW) is greater
than or equal to four at each sampling station;
Hypothesis 2b: When inundated, cumulative (across station) species richness of colonial nesting
waterbirds (CNW) in the Darling Anabranch is greater than or equal to seven.
Hypothesis 3a: When inundated, species richness of waders-shorebird (WS) is greater than or equal
to two at each sampling station in winter and three in summer;
Hypothesis 3b: When inundated, cumulative (across station) species richness of waders-shorebird
(WS) in the Darling Anabranch is greater than or equal to four in winter, and six in summer.
Hypothesis 4a: When inundated, species richness of other waterbirds (OW) is greater than or equal
to four at each sampling station;
Hypothesis 4b: When inundated, cumulative (across station) species richness of other waterbirds
(OW) in the Darling Anabranch is greater than or equal to six.
Hypothesis 5: When inundated and across the whole period of the environmental flow release,
cumulative (across station, across surveys, within environmental flow event) breeding species
richness of all waterbirds in the Darling Anabranch is greater than or equal to five.
Hypothesis 6: When inundated and across the whole period of the environmental flow release,
cumulative (across station, across surveys, within Environmental Flow event) species richness of all
waterbirds in the Darling Anabranch is greater than or equal to 25 in summer, 20 in winter.
Variables

Variable 1a: Sample species richness of waterfowl (WF);
Variable 1b: Cumulative (across sample) species richness of waterfowl (WF).
Variable 2a: Sample species richness of colonial nesting waterbirds (CNW);
Variable 2b: Cumulative (across sample) species richness of colonial nesting waterbirds (CNW).
Variable 3a: Sample species richness of waders-shorebird (WS);
Variable 3b: Cumulative (across sample) species richness of waders-shorebird (WS).
Variable 4a: Sample species richness of other waterbirds (OW);
Variable 4b: Cumulative (across sample) species richness of other waterbirds (OW).
Variable 5: Cumulative (across sample, across surveys, within environmental flow event) species
richness of breeding waterbirds across all assemblages.
Variable 6: Cumulative (across sample, across surveys, within Environmental Flow event) species
richness of all waterbirds across all assemblages (= 1b + 2b + 3b + 4b).
Methodology

Binoculars, GPS and limited use of vehicle and boat are the main gear requirements; also detailed
maps, field notebook and pro-formae. The bird community should be assessed at the same five sites
assessed in the fish, frog and invertebrate sampling intervention monitoring program and should be
surveyed 3-times; (i) within the first 2-3 weeks of the full flow; (ii) at the tail-end of flow; and (iii)
the third after flow cessation and disconnection of residual pools.
Habitat Stratification: There are two main variables, termed here Event and Morphology.
Event: The primary distinction is between river flow-filled and casual (local rain-filled); similarly,
although an unlikely scenario, the distinction between any previous river-filled now disconnected
(e.g. large natural flood in previous year) and focal event-filled needs to be made; finally,
disconnected, off-channel should be distinguished from connected, as do disconnected channel
pools from flowing or contiguous channel.
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Morphology (or type of waterbody): The primary categories are main channel, minor or secondary
channel, backwater (includes shallow infeeders), lake (includes small open waters), swamp
(vegetated on floodplain), inundated floodplain (in large floods), and casual small pools (often after
local rain); other categories can be recognised in the field.
Survey Methodology or Observation Type: the primary survey type is the main channel survey as
this will be the predominant habitat available during an Environmental Flow. Detailed maps of each
site and data sheets need to be compiled.
Channel Survey: assuming the channel is flowing and/or contiguous for 10 km, and navigable, use
boat to count all waterbirds in 1-km segments of the main channel, for 5 km upstream and 5 km
downstream of site’s midpoint. Assign each waterbird observation to species, number of
individuals, ‘kilometre-segment’, habitat (morphology and event types), and basic activity (e.g.
on/in water, perched on edge, perched on vegetation, flying over, breeding).
If channel is un-navigable or disconnected, survey pools by foot and/or vehicle out to 5 km up and
down-stream as time permits, recording the extent of aquatic habitat and how much surveyed, as
well as the ID, abundance and activity data indicated in the previous paragraph. Sketch maps of the
distribution of water bodies and area surveyed would be useful if main channel is disconnected.
Other Survey: any non-channel s within 5 km of the site should be surveyed as time permits. A
separate pro-forma should be compiled for this activity.
Incidental Waterbird Observations: all incidental observations of waterbirds in the Darling
Anabranch region should be recorded with brief location, habitat and activity details.

Timing

Event Based: To be undertaken at the same time as the fish, frog and invertebrate sampling.
Reaches should be surveyed 3-times; (i) within the first 2-3 weeks of the full flow; (ii) at the tailend of flow; and (iii) the third after flow cessation and disconnection of residual pools.

Data Analysis

Separate databases should be compiled for the three Observation Types described above. Enter the
field observations into spreadsheet/database, and group the data by waterbird assemblage. Calculate
the values of species richness variables. Recognise any threatened species.
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11. Aquatic Invertebrates
An interim objective for “Invertebrates”

•

Maintain a sustainable population of Yabbies (Cherax destructor)

Conceptual Model

Most monitoring programs are interested in shifts in macroinvertebrate community structure per se
(i.e. changes in measures of species diversity and abundance), rather than changes in biomass
within specific groups that may be used as food resources by iconic species (particularly birds and
fish) (Baldwin et al., 2005). However, community interest in macroinvertebrates communities in the
Darling Anabranch is largely confined to Yabbies (Cherax destructor) due to the recreational value
of this species.
Determining the impact of changing the hydrological regime from permanently inundated to
ephemeral may increase the abundance and distribution of Cherax destructor during flow events
relative to the previous, replenishment flow regime, but quantifying this change will not be possible
due to a lack of baseline data. However, it will be possible to assess the response of the species to
different flow events (e.g. managed flows and natural floods).
Targets

Due to a lack of existing data, targets will be determined based on results from initial flows.
Hypothesis

Unmanaged floods will produce a greater abundance (measured by Catch Per Unit Effort (CPUE))
and distribution of Cherax destructor than a managed environmental flow.
Variables

•
•
•

Size classes
Abundance
Sex ratio

Methodology

The invertebrate community will be sampled on an event (environmental or unregulated flow) basis
for the intervention component of the monitoring program in conjunction with the fish monitoring
program. Consequently surveys will be conducted at the same time, and at the same locations as the
fish surveys. Cherax destructor communities will be targeted via the use of baited opera house style
traps. A minimum of six nets will be set at each site. Set and pull times and depth of water will be
recorded. A description of the habitat where the fishing effort (active and passive) is targeted, and
the relevant GPS co-ordinates shall be recorded.
Sites should be selected with a view to standardise fishing effort across specific habitat types. This
will improve the capacity to make local and regional comparisons and habitat preferences.
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Sex and carapace lengths (SL ±0.5 mm) should be recorded in the field. Catches will be
standardised to yabbie per survey (survey CPUE) and per site (site CPUE).
Timing

Event Based. To be undertaken at the same time as the fish, frog and bird sampling. Reaches should
be surveyed 3-times; (i) within the first 2-3 weeks of the full flow; (ii) at the tail-end of flow; and
(iii) the third after flow cessation and disconnection of residual pools.
Data Analysis

Primary data outputs include the assessment of total catch for a fixed level of sampling effort, and
the identification of any recent recruitment based on size frequency distributions.
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12. Water Quality
Interim objective for “Water Quality”

•

Maintain water quality to maximise habitat value

Conceptual Model

Water quality in the Anabranch will be highly dependent on the quality of the source water.
Salinities in Lake Cawndilla are typically higher than the other Menindee Lakes. Under the
previous replenishment flow regime, salinity in the Darling Anabranch typically increased with
distance downstream (EIS Appendix K) and this was attributed to ponding and subsequent
evaporation of water within the channel, lack of flushing flows and groundwater intrusion (Reid,
2000; Nias 2002; Scholz et al., 2003). Frequent algal blooms were also recorded and this may be
attributed to combination of low flows, high temperature and poor mixing (stratification) in the weir
pools created by the block banks. Removal/modification of the block banks and allowing a
relatively unimpeded flow from Lake Cawndilla should result in flushing of salts and assist in
maintaining relatively good water quality during end of system flows.
Water quality within the reaches of the Anabranch that retain water after the flow has passed can be
expected to deteriorate as natural processes (e.g. evaporative and concentration of salts etc.) occur.
Thermal and salinity stratification can exist in slow/no flow water bodies. Considerable differences
in parameters such as dissolved oxygen can exist between surface and bottom waters as a
consequence of temperature or salt induced stratification. High salinities can be caused by seepage
of saline ground waters into the channel or by concentration of surface waters through evaporation
(Tucker, 2003). Salt concentrations in excess of 1000 mg L-1 can begin to affect species
composition in Australian water bodies and increasing salinisation is considered a long-term threat
to the health of many inland water bodies (Nielsen et al., 2003).
Maintaining water quality is not necessarily an ecological objective in its own right. However,
maintenance of water quality within certain boundaries is required in order to maintain ecological
function and communities. The value of deep pools as refugia to aquatic communities during dry
(non-flow) periods will be directly related to the depth of the pool. For example, assuming:
•
•

a 2-year return interval,
average annual evaporation rates for the Darling Anabranch of ~2.2m per year,

any given site would need to be significantly deeper than 4.4m deep (e.g. >5.5m) to retain any
refugia value to aquatic communities between flow events. It is currently considered unlikely that
any sites offer depths in excess of 4m. Surveys of existing depth and assessments of the success of
environmental flows in reinstating scour processes needs to be undertaken before meaningful water
quality targets for maintaining fish refugia for isolated communities can be developed.
Targets

Targets will be developed after assessment of the water quality during the first environmental flow
event in the Anabranch. Standard water quality trigger values (Table5) will be used to provide a
rigorous set of benchmarks.
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Table 5: Australian and New Zealand Guidelines for Freshwater and Marine Water Quality Default
Trigger Values for physical and chemical stressors for south-east Australia for slightly disturbed
ecosystems – Lowland River.
Physical and Chemical Stressors

Units
-1

Salinity
Turbidity
Chlorophyll
Dissolved Oxygen (% saturation)
pH

Trigger Value

(µScm )

125 - 2200

(NTU)

6 to 50

-1

(µgL )

5

Lower Limit

85

Upper Limit

110

Lower Limit

6.5

Upper Limit

8

Hypotheses

•

•

Water quality at the downstream end of the system in comparison to the upstream reaches
will have:
o higher salinity
o lower dissolved oxygen
o lower pH
Thermal stratification and low dissolved oxygen at depth will develop in the deep pools
following cessation of flow

Variables

•
•
•
•
•

Salinity (EC),
Temperature stratification
Dissolved oxygen
Depth.
pH, Turbidity

Methodology

Regular monitoring (i.e. weekly) of water quality at each of the sites previously used in the
respective state agency monitoring programs will be resource intensive and expensive.
Consequently the following program is recommended. The suggested program will provide a
rigorous method of comparing water quality between different components of the hydrograph (e.g.
rising limb, peak and falling limb) and between flows of different magnitudes (e.g. environmental
flows generated entirely from Lake Cawndilla; unregulated floods from the Darling; and flows
from the Darling which are supplemented by releases from Lake Cawndilla).

12.1. Instantaneous Vertical Profiles at Intervention Monitoring Sites.
Standard water quality parameters will be measured at each of the intervention monitoring sites
when the fish, invertebrate and frog surveys are undertaken. Three (3) spatially separated vertical
profiles of temperature, DO, pH, turbidity, and conductivity will be made at each site with data
collected at 0.2m intervals.
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12.2. Continuous Vertical Profiles at Key Sites.
Changes in water quality between the source and the end of system will be assessed by development
of a real time logging network at site 1 (Lake Cawndilla) or 2 (Upper Darling Anabranch); site 4
(near existing site of Dam 183) and site 6 (downstream of the zone permanently inundated by the
Lock 9 weir pool to the River Murray). Reach 1 and 2 will be rotated according to the source of the
flow; i.e. Lake Cawndilla or the Darling River. In the scenario where flows are originating from
both sources, the program should be expanded to include all six reaches. The logging network
established will be identical to that developed for drought monitoring in the lower Darling River;
Dissolved oxygen (DO), conductivity (EC; uScm-1) and temperature will be measured continuously
via the installation of 2x DO and 2x conductivity loggers at each pool. Loggers will be set at
300mm above the water-sediment interface, and 300mm below the water-air interface. Two
additional temperature loggers will be installed at equal distances between the top and bottom
loggers to provide a measure of the degree of thermal stratification that develops within each pool.
Loggers will be set to record data at 15 minute intervals.
The vertical chain of temperature loggers provides an accurate, real time measurement of the
development and persistence of thermal stratification. The spatial separation of the dissolved
oxygen loggers between the top and bottom of the water column provide a direct measure of the
impact of stratification on re-oxygenation processes and potential impacts of anoxic conditions on
aquatic biota, soil condition and biogeochemical process. A salinity logger provides a direct
measure of EC, and a built in depth logger will be used to measure related changes in water quality
to different stages of the hydrograph.
Data Analysis

Non statistical comparison of thermal stratification and dissolved oxygen between and within
reaches, and comparison to standard water quality trigger values (e.g. ANZECC guidelines).
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13. Groundwater and Soil Condition
Interim objective for “Groundwater and Soil Condition”

•

Provide conditions conducive to long-term lowering of the shallow groundwater system
and subsequent reduction of soil salinity and seepage.

13.1 Groundwater

Conceptual Model

Groundwater level, groundwater salinity and soil salinity are major factors influencing vegetation
condition and type, and soil condition in the Murray-Darling Basin. In addition, generation of
groundwater mounds during floods and subsequent displacement of saline groundwater can
generate significant discharge of salts from floodplains to the river channel (Jolly et al. 1994).
Consequently it is generally considered that characterization of these three parameters is required to
understand and manage floodplain ecosystems.
Regional groundwater trends for the Darling Anabranch indicate that under the recent
hydrogeological regime, the upper and middle sections of Anabranch are net losing reaches
(recharge the groundwater system), yet the lower Anabranch is a net groundwater gaining region
and that substantial fluctuation in groundwater levels (associated with seasonal events including
variations in river levels) occurs.
The extent of future surface water-groundwater interactions will be highly dependent on the future
hydrology of the system (EIS, Appendix K). In 1988-89 shallow groundwater levels at the lower
end of the Anabranch were within 1-1.5m of the soil surface (EIS Appendix K). Elevated surface
levels in the Anabranch are likely to have increased the hydraulic resistance of seepage of
groundwater into the channel, resulting in a localised, near-bank groundwater mound. Reducing the
hydraulic head on the groundwater system by introducing a drying cycle is likely to result in a
lowering of the shallow groundwater system, but may also result in intrusion of saline groundwater
into the Anabranch as the channel is typically 2-3.5m deep (EIS, Appendix K). Localised
groundwater intrusion was anticipated as the modelling undertaken as part of the EIS predicts
groundwater levels above the minimum channel depth in areas such as in the Oakbank Dam and
Bells Camp – Bingo Dam regions. However, recent (July-August 2007) rapid-visual (ground based
and localised aerial) surveys and discussions with Anabranch landholders indicate only a limited
amount of within-channel seepage at a small number of sites.
The lack of observed intrusion/seepage in the sections of the Anabranch upstream of the influenced
by the River Murray Lock 9 weir pool may be attributable to the observed decline in groundwater
levels (e.g. groundwater depth at bore GW087404 increased from 1-1.5m in 1988-89 to >4 m in
2003) which has been attributed to ongoing dry conditions. The magnitude of future saline inflows
into the Anabranch will be coupled to the prevailing flow regime; groundwater discharge to the
channel is likely to increase post flooding if a groundwater mound is created that raises levels
higher than the bed of the channel (EIS, Appendix K).
Lowering of the shallow groundwater system has a number of potential benefits for soil condition
including reduced risk of soil salinisation and acidification. Groundwater and any dissolved salts
typically moves up-through the soil profile via capillary action and evapotranspiration. In areas of
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shallow groundwater, the water is evaporated, leaving the salts to accumulate in the soil profile. The
accumulation of salt lowers the osmotic potential of soil water. Without regular flooding to leach
salts from the soil profile, the osmotic potential in the root zone can decrease beyond the
physiological capacity of trees (and other vegetation) to access water from the unsaturated zone,
leading to plant death (Bramley et al. 2003).
Targets

Targets for management of groundwater will be developed after collection of baseline soil salinity
data and an up to date assessment of groundwater data.
Hypotheses

•
•
•
•

During dry (e.g. no-flow) periods, the depth to groundwater adjacent to the Anabranch will
increase (increased-depth to groundwater) to a new equilibrium.
During wet (environmental flows, unregulated floods) periods, the depth to groundwater
will decrease (reduced depth to groundwater).
During wet periods, groundwater salinity adjacent to the Anabranch will decrease.
Groundwater discharge into the Anabranch channel will temporarily increase upon flow
recession.

Variables

The spatial coverage of the existing groundwater bore networks is largely limited to the southern
end of the anabranch. Monitoring of level (and salinity) should continue to be undertaken at these
sites.
Methodology
Groundwater Levels and Salinity.

Groundwater levels need to be correlated to surface water levels for variations in level to be
interpreted. Consequently readings of surface water level gauges installed and surveyed to
Australian Height Datum (AHD) should be included. Operators should refer to the standard
operating procedures of their relevant agencies. However, groundwater monitoring and evaluation
should conform to Murray-Darling Basin Groundwater Quality Sampling Guidelines (Groundwater
Working Group, undated-available directly from the Murray-Darling Basin Commission). Pending
maintenance of on-going monitoring arrangements by the relevant state agencies, there should be no
requirement to assign resources to monitoring groundwater levels and salinity in the region.
Electromagnetic conductivity surveying

Electromagnetic geophysical (Geonics EM31) surveys provide a rigorous method of assessing soil
condition over large spatial scales. The EM31 technique utilises induction of an electromagnetic
field to measure the soils ability to conduct or resist electrical current and is effective to between 46 m. The resultant apparent conductivity (or resistivity) provides a bulk representation of soil
conditions in this near surface zone. Variables that may typically influence the results of the EM31
surveys including groundwater level, variations in moisture and salt content due to downward

75

leakage of the applied surface water or evapotranspiration, and the amount of clay content (Berens
et al., 2007).
Predicted outputs from the EM31 surveys include changes in the apparent conductivity beneath the
inundation zone in response to the environmental flows (and unregulated floods) due to a reduction
in soil salinity concentration beneath the inundation zone and variations in the saline groundwater
level.
Timing

To be determined based on availability of contractors.
Data Analysis

Specialist expertise will be required for interpretation of the EM31 survey data. An up-to-date
review of data from the existing groundwater network will also be required. Interpretation of these
data sets will be a requirement of the service provider.
13.2. Soil Condition – Acidification Risk

Conceptual Model

The following two paragraphs are extracts from Baldwin et al. (2007) (see references in that paper),
“Sulfidic sediments form when sulfur compounds are reduced to sulfide by anoxic bacteria in the
presence of organic carbon, and the sulfide reacts with metals in the sediment (predominantly iron)
to form sulfidic minerals such as iron pyrite (Roden and Edmonds, 1997). Sulfidic sediments can
adversely affect aquatic ecosystems because dissolved sulfides are toxic to aquatic organisms (e.g.
Postgate, 1984), and high levels of sulfate reduction can produce noxious odours (Lamontagne et
al., 2004). Furthermore, oxidation of reduced sulfidic sediments (e.g. through exposure to the air)
can produce anoxia and increased levels of acid, which can be flushed into the water body and
cause harm to aquatic organisms (Sammut et al., 1993). In a recent survey of 81 s in the MurrayDarling Basin, more than 20% had evidence for the presence of sulfidic sediments at levels that
could lead to ecological damage (Hall et al. 2006).
Implementing a drying phase in management is increasingly common (Casanova and Brock 2000),
but if sulfidic sediments are present, drying can oxidise sulfidic minerals and generate acid (actual
acid sulfate soils). For example, the partial drawdown of a in western NSW resulted in an extensive
fish kill because of exposure and oxidation of sulfidic sediments leading to acidification (McCarthy
et al. 2006). Many of the s identified with sulfidic sediments had been inundated for extended
periods of time, either because of river regulation, elevated groundwater levels and/or because they
are used as disposal basins for water of poor quality. Conversely, reduced sulfur species tend not to
build up to harmful levels in s that have frequent (annual) wetting and drying cycles.”
Targets

Specific targets for soil condition and acidification risk will be determined once the Anabranch has
been assessed in the initial survey and it is established whether the respective reaches of the
Anabranch are at risk of acidification.
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Hypothesis

Long-term operation of the Anabranch under a replenishment flow scenario may have increased the
risk of soil acidification in the areas immediately upstream of the block banks.
Variables

Risk assessment using the rapid appraisal methodology developed by Baldwin et al., (2007).
Methodology

Water Quality
Record the colour and appearance of the site water and presence of floating debris or biological
films on the water’s surface (in particular, those of rust- or orange colouration). Water quality data
from the measurements of electrical conductivity (µS cm-1), and pH, are required for assessment of
acidification potential.
Water Sampling
At the three locations where the standard water quality parameters (see section above) are
measured, collect a 500mL water quality sample (total for each site = 3) in pre-washed PET
containers. Label the containers with the appropriate information (site, sampling date, and name of
staff collecting samples). Immediately upon sample collection, preserve the water sample via the
addition of 2mL of 1M zinc acetate solution. The sample should be placed on ice in an esky and
frozen as soon as practicable. Upon return to the laboratory, the samples should be kept frozen until
analysis.
Sediment Sampling
At the three locations near where the standard water quality parameters are measured, at a point
approximately at a depth of 0.5m (if water present), take a core 0.3m down into the soil profile.
Record (photographically) any evidence of sulfidic sediments (e.g. red oxidised surface layer
overlying black sulfidic sediment). Transfer the core into a zip lock bag. Label the container with
the appropriate information (water body, site, and sampling date). The sample should be placed on
ice in an esky. Upon return to the laboratory, the samples should be kept refrigerated until analysis.
Water sample analysis
It is recommended that samples be analysed for water column sulphate concentration using the
turbidimetric method at the Wodonga MDFRC (NATA accredited) laboratory (following, Rayment
and Higginson 1992).
Sediment Analysis
It is recommended that the analysis for sediment conductivity and pH be undertaken by the
Wodonga MDFRC (NATA accredited) laboratory. However, a brief description of the method is
outlined below (based on Rayment, GE & Higginson, FR 1992, Australian Laboratory Handbook of
Soil and Water Chemical Methods. Inkata Press, Melbourne, Australian Soil and Land Survey
Handbook, vol 3).
Sediment conductivity and pH is measured as the electrical resistance and pH of a 1:5
soil:deinoinsed water suspension. The pH can be determined on the same soil suspension prepared
for the measurement of electrical conductivity. However, because there is leakage of KCl from the
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pH reference electrode, the electrical conductivity must be measured first. The conductivity and pH
meters and electrodes must be calibrated and used according to the operating instructions.
Air dry sediment samples and homogenise (e.g. grind in a mortar and pestle to pass through a 1 mm
sieve). Prepare a 1:5 soil:water suspension by weighing 10 g air-dry soil (<2 mm) into a bottle. Add
50 mL deionised water. Mechanically shake at 15 rpm for 1 hour (to dissolve soluble salts). Stir
these solutions with a mechanical stirrer during measurement. Rinse the conductivity (EC) probe
with deionised water. Place EC probe electrode in sediment/soil suspension and record the
conductivity. Immerse the pH electrode into the soil suspension. Record the pH value obtained
when the equilibrium is reached. Rinse the probes with deionised water between samples.
Timing

The initial survey will determine if the soils of the Darling Anabranch contain sulfidic sediments
and are therefore potentially at risk of acidification once re-wetted. This survey only needs to be
completed once at sites along the Anabranch to establish the presence or absence of sulfidic
sediments.
Data Analysis

Acidification Potential Assessment:
Use the Decision-Support Scheme (Fig. 10) from Baldwin et al. (2007) to determine the
acidification potential for individual sites. Sites that exceed the water quality guidelines or other
trigger points have a high likelihood of containing sulfidic sediments. If the preliminary assessment
indicates the site may contain sulfidic sediment then a full assessment must be implemented before
initiating a drying cycle (per Baldwin et al., 2007).
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Can you manipulate the water level?(a)

No

No action, wetting and
drying is beyond your control

Yes
Does the wetland undergo
complete drying at least annually?(a)

Yes

Wetland probably
doesn’t contain sulfidic sediments

No
Does the wetland receive municipal
waste water, irrigation return water or
water from a salt inception scheme?(a)

Yes

No
Does the wetland sediment show any
obvious signs of sulfidic contamination
(see Figure 1)?(b)

Yes

No
Is the electrical conductivity of the
water >1750 µS cm-1 (b) and/or the sediment
(1:5 sediment:water extract) >400 µS cm-1?(c)

Yes

No

Yes

There is a high likelihood that
the wetland may contain sulfidic
sediments: Undertake a full
assessment for the presence
of sulfidic sediments before
initiating a drying cycle

Is the pH of the water <4.0(b) and/or
the sediment (1:5 soil:1M KCl extract) <4.5?(c)
Yes
No
Is the concentration of sulfate in
the water column greater than 10 mg/L?(c)
No
(a)

Wetland probably
doesn’t contain sulfidic sediments

Desktop analysis
Field analysis
(c) Laboratory analysis
(b)

Figure 10. Decision-support scheme developed by Baldwin et al. (2007) for initial assessment of the
likelihood that an inland contains sulfidic sediments at levels that could cause ecological damage
(reproduced with permission).

79

14. Quality Assurance and Quality Control:
Description of quality, environmental and safety management proposed.
Quality System

It is recommended that an approach to quality assurance/quality control in Environmental project
such as that developed by the USEPA be implemented. This process requires each project or
activity to have its own Quality Assurance Project Plan (QAPP) or Quality Manual. The QAPP is
based around 4 elements:
1.
2.
3.
4.

Project Management;
Measurement/Data Acquisition;
Assessment and Oversight and
Data Validation and Usability.

Project Management

The project management component of a QAPP includes:








A list of the key personnel involved in the project and their specific roles and
responsibilities;
A clear statement of the problems/questions being addressed in the project;
A clear description of the project and the tasks to be undertaken
A statement on the data quality objectives for measurement data (including statements about
the precision, accuracy, representativeness, completeness, comparability and measurement
range of the data);
Training and certification requirements for key personnel if required for the project;
A list of documentation required/generated in the project (including copies of all forms used
in the project).
Identification of potential occupational, health, safety and environment hazards, risk
assessment and risk minimisation plans.

Measurement/Data Acquisition (If applicable)

This section of a QAPP includes:






An outline of the experimental design including sample types, sampling frequency, locations
etc.
A detailed description of the sampling methods to be used including instrumentation, sample
size, preservatives, whether or not the sample are to be composted etc.
Sample handling and chain of custody documentation
Analytical methods to be used
Quality control requirements including both field QC requirements (including the number
and types of field blanks, number of replicate samples, number and type of sample spikes,
the frequency of cross checks of field data entries etc) and laboratory QC requirements
(recovery of known additions, calibration check standards, blanks, duplicate analyses, use of
certified reference materials, performance audits, independent method comparisons,
participation in inter-laboratory comparison programs, periodic sorting and identification
checks of organisms, maintenance of voucher and reference collections and third party
certification).

80





A detailed instrument and equipment assurance plan including frequency of maintenance
Documented frequency and methods for the calibration of field and laboratory equipment
and,
A description of data acquisition and storage requirements.

Assessment and Oversight

The frequency of audits, what they involve and who carries them out needs to be documented in the
QAPP. Furthermore, the QAPP includes the requirements for the formal reporting of QA/QC
activities, including results of internal assessments, audits and corrective actions that have been
undertaken.

Data Validation and Usability

Finally, once the data has been collected it needs to be stored. However, errors can be introduced in
the process. There is a need to document:




How the data collected is reviewed and whether it is accepted based on the Quality Control
protocols that are in place (e.g. determining whether or not a sample may have become
contaminated)
How to verify that data entry is correct.
What the process is to determine whether or not the data collected meets the monitoring and
evaluation program’s objectives.

Ethics Approval for the Monitoring Program

Researchers who use live non-human vertebrate and higher-order invertebrate animals (e.g.
crustaceans such as yabbies) for experimental (or teaching purposes) are bound by The Australian
Code of Practice for the Care and Use of Animals for Scientific Purposes and relevant Australian
State and Commonwealth legislation together with relevant University regulations and policies. The
Darling Anabranch Adaptive Management Monitoring Program involves monitoring and
observation of fish, frog, bird and invertebrate communities. Consequently appropriate Ethics
Approval must be obtained prior to commencement of each of the respective sections of the
monitoring program.
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15. Adaptive Management Process:
Monitoring and evaluation is a central component of a functional adaptive management framework,
and it is generally considered that monitoring programs should be developed around an agreed
conceptual model of how the ecological system works, and how the system will/should respond to
various management interventions (Baldwin et al., 2005). The Monitoring Program will be
reviewed regularly and updated in response to information arising from monitoring, further
investigations, modelling and consultation. These systematic reviews will ensure that:
•
•
•
•
•
•
•
•

the monitoring program is robust;
the results from the monitoring program provide the information required for reporting against
the ecological objectives and targets;
the management actions are based on the latest information and ecological understanding of the
system, and how it responds to various interventions and natural events;
the management actions implemented are successful in terms of meeting the ecological
objectives;
the ecological objectives and targets defined in the monitoring program are realistic and
attainable;
deleterious impacts or incidental environmental benefits from management actions are reported
upon and accounted for in future management actions;
trigger points are established so that particular outcomes from monitoring trigger corrective
action or further investigation;
changes to the monitoring program proposed via a structured process.

Essential steps to be applied in the review process:

The process of adaptive management is presented in Figure 11. The following points must be
considered during review processes:
•
•

•
•

If the monitoring program is delivering data that is robust and informative
o re-evaluate the ecological objectives/targets based on any new knowledge
o implement appropriate change(s) to management informed by new knowledge
If the monitoring program is not delivering data that is robust and informative (e.g. data is
inconclusive)
o re- evaluate monitoring program (e.g. objectives, targets, methodology, frequency, sample
size, intensity of monitoring)
o continue to monitor as changes may have been due to seasonal/annual effects.
Maintain a detailed record of recommendations.
Maintain detailed records of any changes that are made.
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Description of the System

Identification of Questions

Generation of Baseline Data

Identification of available management options

Identification of the ecological objectives

Predict the environmental responses

Refine Management Options

Decide whether to apply intervention

Establish monitoring program

Apply intervention

Monitor

Evaluate Response

Evaluate Predictions and Objectives

Figure 11. Conceptual Adaptive Management System Flowchart (modified from Tucker, 2003).
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16. Budgets.
The budgets presented here are preliminary and need to be refined following pilot studies.
Furthermore, daily rates will be dependent on the staff engaged to undertake the work.
Consequently the budgets are presented for indicative purposes only.
The defined ecological objectives have been consolidated into functional groups:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Hydrology
Channel geomorphology
Fish
Vegetation
Frogs
Birds
Invertebrates
Water quality
Groundwater and Soil Condition

Parameters are grouped into Condition (annual and bi-annual) and Intervention (event based only).
Budgets are not presented for compliance monitoring (salt load and blue green algae) as direction
from the MDBC and relevant state agencies on monitoring and reporting requirements is necessary
in order to develop an effective and appropriate monitoring program.
Costs are based on one researcher ($610 per day) and one technician ($425 per day) being required
for all field work. Data management will be undertaken by a researcher. Budgets are based on six
condition and six intervention reaches, with 3 sites per reach. Staff days are standardised to 7.5 hour
working days. The Quality Assurance Program will be undertaken by a Senior Researcher ($740 per
day). Costs for bird surveys and EM31 surveys are based on independent consultancy charge out
rates.
16.1. Condition Monitoring – Once-off surveys.
Soil Condition

Soil condition (acidification risk) should be undertaken in the channel zones upstream of the
blockbanks. This assessment has been budgeted to be undertaken in conjunction with the channel
geomorphology assessments to save costs. This parameter only needs to be assessed once to
establish the presence (or absence) of sulfidic sediments on sites along the Anabranch.

Soil Condition
Project Management
Survey Preparation (Researcher)
Survey Preparation (Technician)
Survey Field Time (Researcher)
Survey Field Time (Technician)
Data Management (Researcher)
Field Costs
Once-off

Days
1.0
0.5
0.5
1.0
1.0
2.0
6.0

$
$610
$305
$213
$610
$425
$1,220
$2,000
$5,384
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16.2. Condition Monitoring – Annual surveys.
Hydrology

Progress towards returning the hydrology of the system to a more natural regime should be reported
on an annual basis.
Hydrology
Project Management
Survey Preparation (Researcher)
Survey Preparation (Technician)
Survey Field Time (Researcher)
Survey Field Time (Technician)
Data Management (Researcher)
Field Costs
Annual

Days
1.0
0.0
0.0
0.0
0.0
2.0
3.0

$
$610
$0
$0
$0
$0
$1,220
$0
$1,831

Tree canopy condition and recruitment (size class distribution)

Monitoring of tree canopy condition and recruitment (size class distribution) should be surveyed
annually, and in combination in order to minimise costs.
Tree Visual Condition and Distribution
Project Management
Survey Preparation (Researcher)
Survey Preparation (Technician)
Survey Field Time (Researcher)
Survey Field Time (Technician)
Data Management (Researcher)
Field Costs
Annual

Days
1.0
2.0
4.0
10.0
10.0
5.0
32.0

$
$610
$1,220
$1,701
$6,102
$4,251
$3,051
$2,980
$19,915

Particulate Natural Organic Matter.

Monitoring of natural organic matter distribution should be undertaken annually.
NOM Loading
Project Management
Survey Preparation (Researcher)
Survey Preparation (Technician)
Survey Field Time (Researcher)
Survey Field Time (Technician)
Data Management (Researcher)
Field Costs
Annual

Days
1.0
3.0
2.0
3.0
8.0
5.0
22.0

$
$610
$1,831
$850
$1,831
$3,401
$3,051
$1,590
$13,164
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Understorey Vegetation

Monitoring of understorey vegetation should be undertaken annually.

Understorey Vegetation Surveys
Project Management
Survey Preparation (Researcher)
Survey Preparation (Technician)
Survey Field Time (Researcher)
Survey Field Time (Technician)
Data Management (Researcher)
Field Costs
Annual

Days
1.0
2.0
4.0
8.0
8.0
5.0
28.0

$
$610
$1,220
$1,701
$4,882
$3,401
$3,051
$2,720
$17,585

16.3. Condition Monitoring – Bi-annual surveys.
Cumbungi and Lignum Surveys

Monitoring of Cumbungi distribution and Lignum condition and distribution should be undertaken
bi-annually.
Cumbungi and Lignum Surveys
Project Management
Survey Preparation (Researcher)
Survey Preparation (Technician)
Survey Field Time (Researcher)
Survey Field Time (Technician)
Data Management (Researcher)
Field Costs
Annual

Days
1.0
1.0
4.0
8.0
8.0
5.0
27.0

$
$610
$610
$1,701
$4,882
$3,401
$3,051
$2,720
$16,974

Pending satisfactory completion of the relevant Occupational Health and Safety risk assessments,
and a pilot study to assess feasibility, it may be possible to combine the Understorey Vegetation
surveys with the Cumbungi and Lignum surveys to reduce costs. If this approach is viable, reducing
the number of staff required to undertake the survey from 4 to 3, and the associated reduction in
travel costs could generate an annual saving in the order of $8,000.
Groundwater and Soil Condition – EM31 surveys

A budget is not presented for monitoring of groundwater bores as it is expected that the existing
state agency driven monitoring program of the existing network will continue. Soil condition
assessed via EM31 surveys should be assessed and reported on a bi-annual basis. This budget is
based on a consultative service.
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EM31 Surveys
Project Management
EM31 Hire
Labour - Field (6days@$720 per day)
Travel Expenses
Quad Bike and Trailer
Equipment Mobilisation
Data Processing
Bi-Annual

Days
1.0

1.0

$
$610
$1,350
$4,320
$2,105
$1,280
$1,100
$2,250
$13,015

16.4. Condition Monitoring – Tri-annual surveys.
Channel Geomorphology

Channel Geomorphology should be assessed and reported on a tri-annual (3-yearly) basis.

Channel Geomorphology
Project Management
Survey Preperation (Researcher)
Survey Preperation (Technician)
Survey Field Time (Researcher)
Survey Field Time (Technician)
Data Management (Researcher)
Field Costs
Bi-Annual

Days
1.0
2.0
4.0
9.0
9.0
5.0
30.0

$
$610
$1,220
$1,701
$5,492
$3,826
$3,051
$2,850
$18,750

16.5. Intervention Monitoring
Fish, Frogs and Invertebrates

Monitoring of the fish community, frogs, and invertebrates should be surveyed in combination in
order to minimise costs. The six sites should be surveyed on consecutive days to minimise any time
delays and the impacts associated with distributing the surveys over two weeks. The budget
presented below is for the completion of the full set of surveys (3) to be undertaken during any
flow.
Fish, Frog and Invertebrate Sampling
Project Management
Survey Preparation (Researcher)
Survey Preparation (Technician)
Survey Field Time (Researcher)
Survey Field Time (Technician)
Data Management (Researcher)
Field Costs
Event Based

Days
1.0
5.0
6.0
30.0
30.0
5.0
77.0

$
$610
$3,051
$2,551
$18,306
$12,754
$3,051
$9,370
$49,693

87

Bird Surveys

Monitoring of the bird community should be undertaken at the same sites as the fish, frogs, and
invertebrate sampling, preferably at the same time in order to maximise data value. The budget
presented below is for the completion of the full set of surveys (3) to be undertaken during any
flow.

Bird Surveys
Project Management
Survey Preparation (Researcher)
Survey Preparation (Technician)
Survey Field Time (Researcher)
Survey Field Time (Technician)
Data Management (Researcher)
Field Costs
Event Based

Days
6.0
6.0
6.0
30.0
30.0
5.0
83.0

$
$4,620
$4,620
$2,551
$23,100
$12,754
$3,850
$10,395
$61,890

Water Quality

A monitoring program specific to monitoring water quality is included in the sampling program for
fish, frogs and invertebrates, which includes sampling in the early and mid stages of the flow, and
post cessation of flow. The cost provided below is to purchase all of specialised loggers required to
establish three real time logging stations. Based on the intermittent nature of use for the equipment,
it is recommended that an arrangement for hiring the equipment is undertaken. This would save
approximately $42,000 in capital costs reducing the cost of the program to $18,266 plus an
undetermined hire fee for the capital equipment.

Water Quality
Project Management
Survey Preparation (Researcher)
Survey Preparation (Technician)
Survey Field Time (Researcher)
Survey Field Time (Technician)
Data Management (Researcher)
Capital Equipment Costs (Water Quality Loggers)
Field Costs
Event Based

Days
1.0
2.0
12.0
8.0
8.0
5.0

36.0

$
$610
$1,220
$5,102
$4,882
$3,401
$3,051
$42,126
$4,400
$60,392

16.6. Remote Sensing
The budget presented in this document does not account for remote sensing of vegetation condition.
Although remote sensing offers certain advantages for large spatial-scale assessments of condition,
there is not yet an agreed approach or minimum standard for the use of remote sensing for this type
of program. However, it is of note that there has recently been discussion with MBDC staff and key
stakeholders regarding holding a workshop to develop an agreed standard approach to NDVI data
collection, analysis and reporting. The following information is provided simply to provide an
estimate of potential costs if remote sensing was to be incorporated into the monitoring program at a
later date.
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Limited coverage of the Anabranch was obtained in Feb 2003 and 2006 via aerial photography
(0.35m resolution). This data would need to be orthorectified and analysed. Cost for the available
area is estimated at approx - $25,000 + GST.
The study areas denoted in Figure 7 incorporates 2,187 sq km. Aerometrex have provided a
preliminary quote (August 2007) to provide the "basic" orthophotography as follows:
• 35cm pixel resolution: $60,300 + GST ($30.33 per sq km with GST included)
• 60cm pixel resolution: $31,810 + GST ($16.00 per sq km with GST included).
The quote include the costs for mobilising the survey aircraft from Canberra to the region, capturing
the digital imagery in 4-bands, processing the data to a level 3 and producing a "low end" digital
orthophotograph through aerial triangulation. The quotations do not include the provision for the
surveying of ground control. NDVI change analysis requires a minimum of two datasets taken at
different time stamps, but similar seasons. Indicative costing for this procedure is as follows:
• 35cm datasets $250 + $75 per tile (tile:2km x 2km) $18.75 per sq km ($20,753)
• 60cm datasets $250 + $59 per tile (tile:3km x 3km) $6.56 per sq km ($5,098)

16.7. Compliance Monitoring
As previously discussed, budgets are not presented for compliance monitoring (salt load and blue
green algae) as direction from the MDBC and relevant state agencies on monitoring and reporting
requirements is necessary in order to develop an effective and appropriate monitoring program.

16.8. Quality Assurance
MDFRC has recently adopted the US EPA approach to quality assurance/quality control in
Environmental projects and is currently implementing a process where each project or activity has
its own Quality Assurance Project Plan (QAPP) or Quality Manual. An allocation of 10 days per
year ($7,379) should be allocated for a Senior Researcher to implement the QAPP.

16.9. Budget Summary
The budget summary presented here is based on a 10-year monitoring program that allows for the
respective components of the Condition Monitoring Program (once-off, annual, bi-annual and triannual) and for event-based Intervention Monitoring of 2-flow events during the 10-year period.
The total budget required for a 10-year program is $1,006,227. As described in Section 16.8, the
estimated budget required to implement a QAPP is $7,379 per annum.
Table 6 shows the complete budget required for implementation of the monitoring program over a
10-year period with intervention monitoring scheduled for 2 flow events. Table 7 shows the budget
split into once-off, annual, bi-annual, tri-annual and event based components.
*Note: The budget presented in table 6 is based on present day value and does not take into account
factors such as CPI.

89

Table 6: Total budget required for implementation of the monitoring program.

Category
Hydrology
Channel Geomorphology
Tree Visual Condition & Distribution
NOM loading
Understory Vegetation Surveys
Cumbungi and Lignum Surveys
Soil Condition - Acidification Risk
Soil Condition - EM31 Surveys
Fish, Frogs and Invertebrates
Birds
Water Quality (including hire fee)

Frequency
Annual (10x)
tri-annual (3x)
Annual (10x)
Annual (10x)
Annual (10x)
Bi-Annual (5x)
Once-Off
Bi-Annual (5x)
2 events (2x)
2 events (2x)
2 events (2x)

Single Cost
$1,831
$18,750
$19,915
$13,164
$17,585
$16,974
$5,384
$13,015
$49,693
$61,890
$23,266
TOTAL
Required

Cumulative
Cost
$18,310
$56,250
$199,150
$131,640
$175,850
$84,870
$5,384
$65,075
$99,386
$123,780
$46,532

$1,006,227

Table 7: Component specific budgets required for implementation of the monitoring program.

Category

Condition: Once-Off
Soil Condition - Acidification Risk

Single Cost

Cumulative 10year Cost

$5,384
$5,384

$5,384
$5,384

Condition: Annual
Tree Visual Condition & Distribution
NOM loading
Understorey Vegetation Surveys
Hydrology

$52,495
$19,915
$13,164
$17,585
$1,831

$524,950
$199,150
$131,640
$175,850
$18,310

Condition: Bi-Annual
Cumbungi and Lignum Surveys
Soil Condition - EM31 Surveys

$29,989
$16,974
$13,015

$149,945
$84,870
$65,075

Condition: Tri-Annual
Channel Geomorphology

$18,750
$18,750

$56,250
$56,250

$134,849
$49,693
$61,890
$23,266

$269,698
$99,386
$123,780
$46,532

Intervention (Event Based)
Fish, Frogs and Invertebrates
Birds
Water Quality (including hire fee)
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17. Summary Tables for all Ecological Objectives.
Ecological Objective:

Re-instate a more natural flow regime

Ecological Indicator

Hydrology

Target

Return to historical flow regime for in-channel flows and
end of system flows
Hydrograph
Flow return intervals
Release rates
Timing
Magnitude
surface water levels

Attribute
Response variable

Monitoring Category

Condition

Evaluation of Target

•
•
•
•

Method(s)

Flow return intervals
Release rates from Lake Cawndilla
Magnitude, timing, duration
Surface water level @ regulator structures and key
points (e.g. deep holes).
• Reporting of un-regulated flows originating from the
Darling River
Measurement of flow @ remaining structures….

Frequency & Timing

Annual Review

Estimated Field Time

0 days

Estimated Office Time

2 days

Sites

To be selected once structures along the Anabranch have
been removed or modified.
Frequency of environmental water availability
Non-statistical analysis of flow data and average return
intervals

Central “issues”
Data presentation and
Analysis
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Ecological Objective:
Ecological Indicator
Target
Attribute
Response variable
Evaluation of Target

Monitoring Category

Re-establish scouring of deep holes (refugia) within the
Anabranch
Channel geomorphology
Return to historical bed levels in areas recognised as
previously having deep pools
Habitat
Channel Morphology
Siltation
• Channel morphology at sites recognised as historic
deep pools and downstream runs
• Total suspended solids loads upstream v’s
downstream of sites recognised as historic deep pools
Condition

Estimated Field Time

• LIDAR, DTM
• Cross-section surveys of channel morphology
• Analysis of sediment transport (TSS) during flows
• Depth of deposited silt overlying channel bed
• Photopoints
18 days

Estimated Office Time

5 days

Sites

Areas recognised as historically having deep, retaining
morphology and adjacent areas downstream where
mobilised sediment is likely to accumulate
Bi-annual surveys of cross-sections at key locations will
provide a relative measure of consolidation of sediments.
Medium and long-term trend analysis of changes to
channel morphology in erosion zones (pools) and
sedimentation (downstream runs) zones.

Method(s)

Central “issues”
Data presentation and
Analysis
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Ecological Objective:
Ecological Indicator

Reduce the barriers to fish passage throughout the
Anabranch system
Fish

Evaluation of Target

The removal of physical barriers or provision of
appropriate fish passage
Habitat availability
Presence of physical barriers to fish passage throughout
the floodplain-creek system.
Removal of, or retrofitting of existing barriers

Monitoring Category

Condition

Method(s)

Photopoints of barriers to movement

Frequency & Timing
Estimated Field Time

Annual review of progress towards removal of, or
retrofitting existing barriers
0 days

Estimated Office Time

0.5 days

Central “issues”

Removal of barriers will increase potential for both
upstream and downstream re-colonisation

Target
Attribute
Response variable

Data presentation and
Analysis

non-flow management approaches to control "invasion"
by species such as typha and eucalypt seedlings in the
main channel may be required in order to prevent
invasion by these species precluding fish passage
Desktop Report
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Ecological Indicator

Reinstate a diverse native fish assemblage in the
Anabranch
Fish

Target

To be developed based on results from initial flow event.

Attribute
Response variable

Integrity of fish community
• Spatial distribution – upstream v’s downstream
recolonisation
• Abundance (CPUE) and recruitment (size
frequency)
• Diversity - number of species and proportion of
assemblage
• Trend analysis within and between sites

Ecological Objective:

Evaluation of Target
Monitoring Category
Method(s)
Frequency & Timing

Estimated Field Time
Estimated Office Time
Central “issues”

Intervention
Sampling fish communities: Active – electrofishing,
passive – Fyke nets
Event Based: Reaches should be surveyed 3-times (i)
within the first 2-3 weeks of the full flow; (ii) at the tailend of the flow; and (iii) the third after flow cessation
disconnection of residual pools.
Surveys for fish frogs and invertebrates is combined, the
total amount of estimated field time is 60 days
The combined estimated office time for fish frogs and
invertebrates is 5 days
* The concept of a sustainable native fish community in
the Darling Anabranch is a non sequitor, because the
drying cycle will result in loss of habitat, consequently,
on its own the Anabranch cannot maintain viable selfsustaining assemblages
Re-instatement of more natural flow regimes and
implementation of dry phase is predicted to reduce
dominance of large carp and native fish in deep refugia
?

Data presentation and
Analysis

Re-instate of deep pools predicted to provide refugia for
fish communities(native and exotic) during dry phases
(spatial and temporal extent and quality of refugia
dependent on depth of pool and flow-return periods)
Primary data outputs include the assessment of fish
community species richness, variability and diversity,
total catch for a fixed level of sampling effort,
recognition of any rare, threatened or endangered
species, and the identification of any recent spawning.
events based on size frequency distributions

94

Ecological Objective:
Ecological Indicator
Target
Attribute
Response variable

Evaluation of Target
Monitoring Category

Maintain viable river red gum communities within the
riparian zone
Vegetation
Tree condition targets will be developed based on results
from preliminary surveys
Resilience and Vigour
• Spatial distribution and tree density within quadrats
• Age/size class
• Canopy condition
• Trend analysis within and between sites
• Comparison between elevations
Condition

Method(s)

•
•
•

Estimated Field Time

Surveys for river red gum, black box and river cooba are
combined, the total amount of estimated field time is 20
days
The estimated office time of 5 days, is split between the
three species
Within the 6 reaches specified for condition monitoring

Estimated Office Time
Sites
Central “issues”

Data presentation and
Analysis

•
•
•
•
•

Photopoints
Stem counts by size class
Distribution mapping of individuals (GPS)

At what status e.g. 2007?
EIS anticipates some contraction of range associated
with return to more natural flow regime
3D GIS of distribution and changes over time
Survivorship curve analysis (and changes over time)
Changes to density, canopy condition over time
(RMANOVA?)
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Ecological Objective:
Ecological Indicator

Maintain viable black box communities within the
riparian zone
Vegetation

Monitoring Category

Tree condition targets will be developed based on results
from preliminary surveys
Resilience and Vigour
• Spatial distribution and tree density within quadrats
• Age/size class
• Canopy condition
• Trend analysis within and between sites
• Comparison between elevations
Condition

Method(s)

•

Estimated Field Time

Surveys for river red gum, black box and river cooba are
combined, the total amount of estimated field time is 20
days
The estimated office time of 5 days, is split between the
three species.
Within the 6 reaches specified for condition monitoring

Target
Attribute
Response variable

Evaluation of Target

Estimated Office Time
Sites

Photopoints, as per river red gum

Central “issues”

•
•

At what status e.g. 2007?
EIS anticipates some contraction of range associated
with return to more natural flow regime

Data presentation and
Analysis

•
•
•

3D GIS of distribution and changes over time
Survivorship curve analysis (and changes over time)
Changes to density, canopy condition over time
(RMANOVA?)
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Ecological Objective:
Ecological Indicator

Maintain viable river cooba communities within the
riparian zone
Vegetation

Monitoring Category

Tree condition targets will be developed based on results
from preliminary surveys
Resilience and Vigour
• Spatial distribution and tree density within quadrats
• Age/size class
• Canopy condition
• Trend analysis within and between sites
• Comparison between elevations
Condition

Method(s)

•

Estimated Field Time

Surveys for river red gum, black box and river cooba are
combined, the total amount of estimated field time is 20
days
The total estimated office time of 5 days, is split
between the three species.
Within the 6 reaches specified for condition monitoring

Target
Attribute
Response variable

Evaluation of Target

Estimated Office Time
Sites

Photopoints

Central “issues”

•
•

At what status e.g. 2007?
EIS anticipates some contraction of range associated
with return to more natural flow regime

Data presentation and
Analysis

•
•
•

3D GIS of distribution and changes over time
Survivorship curve analysis (and changes over time)
Changes to density, canopy condition over time
(RMANOVA?)
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Ecological Objective:
Ecological Indicator
Target
Attribute
Response variable
Evaluation of Target
Monitoring Category

Maintain distribution and abundance of particulate natural
organic material
Vegetation
Targets have not yet been defined due to a lack in existing
data.
Ecosystem Function
Load (grams organic material per square meter)
Comparison of recorded organic loading against defined
targets
1. Condition
•
•

Estimated Field Time

Photopoints
Quantification of areal mass of leaf litter (collection,
drying and weighing of leaf litter)
11 days

Estimated Office Time

5 days

Central “issues”
Data presentation and
Analysis

NOM required for ecosystem function - productivity
Changes to mean aerial leaf litter over time.

Method(s)
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Ecological Objective:

Determine the spatial extent and hydraulic influence of
river red gum and black box as invasive (increaser)
species within the Darling Anabranch Channel

Ecological Indicator

Vegetation

Target

Specific targets are yet to be defined due to a lack of
existing data
Integrity of riparian vegetation
• Spatial distribution – mapping of in-channel stands of
river red gum
• Number, size and channel encroachment of stands
• Trend analysis within and between sites
• Comparison between elevations
Condition

Attribute
Response variable

Evaluation of Target
Monitoring Category
Method(s)

Frequency & Timing
Estimated Field Time

Estimated Office Time
Central “issues”

Data presentation and
Analysis

• Photopoints
• Stem counts
• Distribution mapping of patches (GPS)
Every 3 years at any given site within a rolling cycle of
annual monitoring to complete the full suite of sites
Surveys for river red gum, black box and river cooba are
combined, the total amount of estimated field time is 20
days
The total amount of estimated office time of 5 days is
split between the three species.
non-flow management approaches to control "invasion"
by species such as typha and eucalypt seedlings in the
main channel may be required
• 3D GIS of distribution and changes over time
• Changes to total number of patches, mean patch size,
mean patch density, maximum/ mean elevation of
encroachment etc over time (RMANOVA?)
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Ecological Objective:
Ecological Indicator
Target
Attribute
Response variable

Evaluation of Target
Monitoring Category
Method(s)

Timing
Estimated Field Time

Estimated Office Time
Central “issues”
Data presentation and
Analysis

Limit the extent of recognised weeds as invasive
(increaser) species
Vegetation
Targets will be developed based on results from initial
surveys
Integrity of riparian vegetation
• Spatial distribution – presence within quadrats
• Diversity - number of species and proportion of
assemblage presence within quadrats
• Trend analysis within and between sites
• Comparison between elevations
Condition
• Photopoints
• Species ID and presence/absence in quadrats
• Location of quadrats mapped into GIS
Mid-late summer
For invasive species, flood tolerant and flood dependant
species are combined. The total number of days required is
16.
The total estimated office time for flood tolerant and
dependant species is 5 days
Wind and water can act as a medium to transport seed
along the anabranch
• GIS of weed distribution and changes over time
• Changes to proportional weed diversity per site over
time
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Ecological Indicator

Maintain sustainable communities of flood tolerant
understorey vegetation
Vegetation

Target

Due to a lack of data this target is yet to be determined

Attribute
Response variable

Composition of understorey vegetation
• Spatial distribution – presence within quadrats
• Diversity - number of species and proportion of
assemblage presence within quadrats
• Trend analysis within and between sites
• Comparison between elevations
Condition

Ecological Objective:

Evaluation of Target
Monitoring Category
Method(s)

Timing
Estimated Field Time

Estimated Office Time
Central “issues”
Data presentation and
Analysis

• Photopoints
• Species ID and presence/absence in quadrats
• Location of quadrats mapped into GIS
Mid-late summer
For invasive species, flood tolerant and flood dependant
species are combined. The total number of days required is
16.
The total estimated office time for flood tolerant and
dependant species is 5 days
Expect spatial distribution and diversity of Flood Tolerant
Understory to increase
• GIS of distribution and changes over time
• Changes to proportional diversity per site over time
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Ecological Indicator

Maintain sustainable communities of flood dependent
understorey vegetation
Vegetation

Target

Due to lack of data this target is yet to be determined

Attribute
Response variable

Integrity of understorey vegetation
• Spatial distribution – presence within quadrats
• Diversity - number of species and proportion of
assemblage presence within quadrats
• Trend analysis within and between sites
• Comparison between elevations
Condition

Ecological Objective:

Evaluation of Target
Monitoring Category
Method(s)

Timing
Estimated Field Time

Estimated Office Time
Central “issues”
Data presentation and
Analysis

• Photopoints
• Species ID and presence/absence in quadrats
• Location of quadrats mapped into GIS
Late spring – early summer
For invasive species, flood tolerant and flood dependant
species are combined. The total number of days required is
16.
Estimated office time for flood tolerant and dependant
species is 5 days
Expect spatial distribution and diversity of Flood Tolerant
Understory to increase
• GIS of distribution and changes over time
• Changes to proportional diversity per site over time
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Ecological Objective:

Maintain sustainable communities of lignum habitats

Ecological Indicator

Vegetation

Target

Specific targets are yet to be determined due to a lack of
data
Integrity of lignum habitats
• Active/viable above ground biomass
• Spatial distribution - mapping
• Trend analysis of condition within and between sites
• Comparison between elevations
Condition

Attribute
Response variable
Evaluation of Target

Monitoring Category
Method(s)

Timing
Estimated Field Time
Estimated Office Time
Central “issues”
Data presentation and
Analysis

• Photopoints
• Distribution mapping of patches (GPS)
• Canopy condition.
• Density, regeneration, age class structure?
In conjunction with other vegetation surveys.
Field surveys for Cumbungi and Lignum are combined.
An estimated time of 16 days is required
The estimated office time for both species is 5 days
At what status?, e.g. pre drought?
• Non-statistical analysis of median site Lignum
Condition Index.
• Paired sample t-tests to assess individual plants
between years.
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Ecological Objective:
Ecological Indicator
Target
Attribute
Response variable
Evaluation of Target
Monitoring Category
Method(s)
Timing
Estimated Field Time
Estimated Office Time
Central “issues”

Data presentation and
Analysis

Limit the extent of cumbungi (Typha) as an invasive
(increaser) species within the Anabranch Channel
Vegetation
Specific targets are yet to be determined due to a lack of
data
Integrity of riparian vegetation
• Spatial distribution – mapping of stands of cumbungi
• Number, size and channel encroachment of stands
• Trend analysis within and between sites
• Comparison between elevations
Condition
• Photopoints
• Distribution mapping of patches (GPS)
In conjunction with other vegetation surveys.
Field surveys for Cumbungi and Lignum are combined.
An estimated time of 16 days is required
The estimated office time for both species is 5 days
non-flow management approaches to control "invasion"
by species such as Typha and eucalypt seedlings in the
main channel may be required
• 3D GIS of distribution and changes over time
• Changes to total number of patches, mean patch size,
mean patch density, maximum/ mean elevation of
encroachment etc over time (RMANOVA?)
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Ecological Objective:
Ecological Indicator
Target

Attribute
Response variable

Maintain sustainable communities of the riparian frog
species
Frogs
Due to a lack of existing data this target will be developed
based on results from baseline surveys and initial flow
events
Resilience
• Spatial distribution – recolonisation following flows
• Abundance and Diversity - number of species and
proportion of assemblage recorded

Monitoring Category

• Presence of species
• Presence of tadpoles/spawn masses,
• number of species
• Trend analysis of distribution
• Trend analysis of abundance and diversity within and
between sites
Intervention

Method(s)

•

Evaluation of Target

Frequency & Timing
Estimated Field Time
Estimated Office Time

Central “issues”

Data presentation and
Analysis
Quality Assurance

Identification by calls (modified EPA frog census
technique)
Ad hoc observations of tadpoles and spawn masses
Event Based
Surveys for fish frogs and invertebrates is combined, the
total amount of estimated field time is 60 days
The estimated office time of 5 days includes fish frogs and
invertebrates.
Data entry and transfer of GPS locations
• What is the basic community structure?
• What is the relationship between channel and
floodplain flooding regimes and the diversity and
abundance of frogs?
Report on temporal and special variation in the abundance
and diversity of frog species at the respective sites
Where possible at least 10% of recordings/surveys should
be performed by two independent observers, and the
results cross-checked (Baldwin et al., 2005)
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Ecological Objective:

Provide suitable habitat, including breeding habitat in
some years, for a wide range of waterbird and dependent
species

Ecological Indicator

Waterbirds and dependent species

Target

Monitoring Category

To be determined after baseline survey and initial flow
event
Integrity of habitat for waterbird and dependant bird
species
Simpson’s evenness
Species richness
Total abundance
Distributional response variables
Breeding effort
• Trend analysis of species distribution
• Trend analysis of abundance and diversity within and
between sites
Intervention

Method(s)

Visual surveys as specified in the document

Frequency & Timing

Estimated Field Time

Event Based: Surveyed 3-times; (i) within the first 2-3
weeks of the full flow; (ii) at the tail-end of flow; and (iii)
the third after flow cessation and disconnection of residual
pools.
60 days

Estimated Office Time

5 days

Sites

The bird community should be assessed at the same five
sites assessed in the fish, frog and invertebrate sampling.
The proposed environmental flow regime may negatively
impact the EPBC listed Australian Painted Snipe
Separate databases should be compiled for the three
Observation Types described above. Enter the field
observations into spreadsheet/database, and group the data
by waterbird assemblage. Calculate the values of species
richness variables. Recognise any threatened species.

Attribute
Response variable

Evaluation of Target

Central “issues”
Data presentation and
Analysis
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Ecological Objective:

Maintain a sustainable population of Yabbies (Cherax)

Ecological Indicator

Invertebrates

Target

Monitoring Category

Due to lack of data this target will be determined after the
baseline survey and initial flow event
Resilience
Distribution/abundance/diversity/size-age classes
• Spatial distribution – upstream v’s downstream
colonisation
• Abundance (CPUE) and recruitment (size frequency)
Intervention

Method(s)

•

Frequency & Timing

Event Based

Estimated Field Time

Surveys for fish frogs and invertebrates is combined, the
total amount of estimated field time is 60 days
The estimated office time of 5 days includes fish frogs and
invertebrates.
Yabbies will be sampled at the same sites as fish

Attribute
Response variable
Evaluation of Target

Estimated Office Time
Sites
Central “issues”

Data presentation and
Analysis

Baited opera house style traps during fish surveys

Due to extended dry periods community may be reduced
to upstream and downstream recolonisation during flow
periods
Assessment of total catch for a fixed level of sampling
effort and identification of any recent recruitment based on
size frequency distributions
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Ecological Objective:

Maintain water quality for habitat (refugia) value

Ecological Indicator

Water Quality

Target

To be determined from the initial flow event

Attribute
Response variable
Evaluation of Target

Impact of Water Quality on ecological processes that
occur along the Anabranch
DO, temp, pH, salinity, stratification
Monitoring of water quality using automated loggers

Monitoring Category

Intervention

Method(s)

Estimated Field Time

Regular monitoring with Horiba water quality meter and
loggers deployed at key sites
Event Based: At the same time as fish, invertebrate and
frog surveys and real time loggers
16 days

Estimated Office Time

5 days

Sites

•
•

Frequency & Timing

Central “issues”

Data presentation and
Analysis

The same sites as fish, frog and invertebrate surveys
Site 1 or 2 (depending on source of flow), site 4 and
site 6 to assess changes in water quality between the
source and end of system flow
During end of system flows, water quality will reflect
quality of source water (Lake Cawndilla) plus leaching of
nutrients from wetted sediments and organic material and
the associated BOD
Non statistical comparison of thermal stratification and
dissolved oxygen between and within reaches, and
comparison to standard water quality trigger values (e.g.
ANZECC guidelines)
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Ecological Objective:

Ecological Indicator

Provide conditions conducive to long-term lowering of the
shallow groundwater system and subsequent reduction of
soil salinity and seepage
Groundwater and Soil Condition

Evaluation of Target

Due to lack of existing data this target will be developed
after the baseline survey and initial flow event
Return to more natural ephemeral system
Depth to groundwater
Salinity of groundwater
Salt/water balance – soil water availability
Soil pH and Conductivity
Acid Sulphate risk
Monitoring of existing bores and EM31 survey evaluation

Monitoring Category

1. Condition

Method(s)

Timing

EM31 surveys
Soil water content
Nutrients
Depth to groundwater
Dependent on availability of contractors

Estimated Field Time

contracted

Estimated Office Time

contracted

Central “issues”

The continuation of bore monitoring by other government
agencies and our ability to source the data
Specialist expertise will be required for interpretation of
the EM31 survey data. Interpretation of the data will be a
requirement of the service provider.

Target
Attribute
Response variable

Data presentation and
Analysis
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