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Northern Basin Science Review
1 Introduction
1.1 Background and context
The Water Act 2007 initiated a number of key water reforms in the Murray-Darling Basin
(hereafter the Basin). These reforms included the establishment of the Murray-Darling Basin
Authority (MDBA), which is vested with the functions and powers needed to ensure that
Basin water resources are managed in an integrated and sustainable way. The Act also
required the MDBA to prepare a strategic plan for the integrated and sustainable
management of Basin water resources: the Basin Plan (Commonwealth of Australia 2012).
One of the central components of the Basin Plan is to establish long-term average
sustainable diversion limits (SDLs) that reflect an environmentally sustainable level of water
use (or 'take'). An environmentally sustainable level of take (ESLT) is the amount of water
that can be taken for consumptive uses while ensuring there is enough water to achieve
healthy aquatic ecosystems.
In terms of SDLs and ESLT, two zones were established in the Basin Plan: the southern Basin
zone and the northern Basin zone. The northern Basin zone comprises all rivers and
catchments of the Darling River upstream of Menindee Lakes on the Darling River, covering
an area of approximately 640,000 square kilometres (Figure 1).

Figure 1: Northern Basin (adapted from MDBA 2011).
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The northern Basin is characterised by extremely variable rainfall and consequently, river
flow. Annual river flow may range from just one, to over 1000 percent of the annual mean
and periods of no flow can extend from months to years (Saintilan and Overton 2010). The
rivers of the northern Basin are less regulated than those in the south and much of the
northern Basin is sparsely populated and remote. All these factors have led to less scientific
investigation in the northern Basin as compared to the southern Basin, which places
limitations on our understanding of aquatic dependent systems in the north. In addition, the
unregulated nature of the flow regimes in parts of the northern Basin provides challenges
for modelling water recovery and for management of water for environmental outcomes.
In recognition of these limitations in the northern Basin, the Basin Plan commits the MDBA
to conduct research and investigations into aspects of the Basin Plan in the northern Basin
by 2015; including the basis for SDLs for both surface water and groundwater
(Commonwealth of Australia 2012). The MDBA will review outcomes of this further
research and investigation in 2016 and advise if and where SDLs should change as a result.
MDBA will undertake a number of streams of research and investigation to improve the
basis for SDLs. This will include environmental science, social and economic impact
assessment, and water recovery modelling (Figure 2).

Figure 2: The MDBA Northern Basin work Program, including this science review.
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To inform on priorities for research and investigation in the northern Basin, the MDBA
appointed a scientific panel to review the environmental water requirements within two
regions:
1. The Condamine Balonne catchment – represented by the Lower Balonne Floodplain
and Narran Lakes; and
2. The Barwon-Darling River System from Mungindi to Wilcannia – represented by the
main stem of the Barwon-Darling River.
The project team comprised:
 Jennifer Hale – Project leader
 Associate Professor Fran Sheldon – Science panel leader
 Dr Stephen Balcombe – Science panel member
 Dr Samantha Capon – Science panel member

1.2 Objectives
The broad goals of this scientific review are to assess the work done to date on the
environmental basis for surface water SDLs in the northern Basin and help determine the
priorities for further work. Specifically the review was directed to make clear
recommendations with respect to (MDBA project brief):







The extent to which the ecological targets and associated flow outcomes addressed in
the environmental water requirements reports align with known key environmental
values of these sites/assets in the context of Water Act requirements, Basin Plan
objectives, and ESLT indicator site method;
The ability of the selected indicator/gauge sites to represent the ecological targets and
associated environmental flow outcomes sought for the sites/reaches;
The adequacy of the selected flow indicators in representing the flows required to
achieve the ecological targets and environmental outcomes sought for the sites;
The confidence in the science base across these issues, including consideration of other
assessments that have been made of water requirements for these sites; and
Priorities for further work to improve the basis for SDLs, inform water recovery and
support environmental water delivery.

1.3 Project approach and methods
1.3.1 General approach
The project team has framed the science review around the major steps of the ESLT process.
Within each of these steps, a series of key questions were developed to guide the
implementation and presentation of the review (Table 1). In assessing these questions the
review team was asked to consider ways in which application of the indicator site method
adopted by the MDBA for determining the ESLT may be enhanced. However, the review
team was instructed to assume that the indicator site method as a framework for
determining the ESLT would be retained.
In considering these issues the review identified any knowledge gaps or uncertainties, and
also assessed the extent to which these issues may significantly impact on the
3

determination of environmental water requirements. The review used this assessment to
prioritise the knowledge gaps and uncertainties, and make recommendations for future
work to address the priority issues.
The review also considered other interventions that may be required to enable
environmental outcomes associated with environmental flow management to be achieved
(e.g. provision of fish passage over a weir to enable migration of fish during in‐channel
environmental flow delivery). This could include consideration of whether interventions
could directly contribute to achieving the environmental outcomes being sought.
Table 1: Key questions for the science review.
Step in SDL/ESLT process

Key questions for science review

1. Identify key environmental
assets within the regions
(Condamine-Balonne, Barwon and
Darling Rivers)

1a. Did the approach of the MDBA in identifying key
environmental assets represent best practice?
1b. What additional information is available for identification
of key environmental assets, and what knowledge gaps exist?

2. Select indicator environmental
assets that can represent the
water requirements of the
identified key environmental
assets in the region

2a. Do the selected indicator environmental assets represent
the water requirements of the key environmental assets of
each of the regions (i.e. the Condamine-Balonne, and BarwonDarling Rivers)?
2b. What additional information is available for identification
of indicator environmental assets, and what knowledge gaps
exist?
3a. Are the ecological objectives and targets for indicator
environmental assets consistent with Basin Plan objectives?
3b. How could the development of ecological objectives and
targets be improved?

3. Specify objectives and targets
for the indicator environmental
assets, in the context of the Water
Act requirements and Basin Plan
objectives
4. Select hydrologic indicator sites
(i.e. flow gauge locations) to
represent flows across the
indicator environmental assets to
achieve objectives and targets

4a. Do the selected indicator sites (i.e. flow gauge locations)
adequately represent flows across the indicator
environmental assets?

5. Determine flows required to
achieve the objectives and targets
at the indicator sites

5a. What knowledge needs are desirable to determine
required flows?
5b. How relevant was the knowledge used in determining flow
requirements?
5c. What other knowledge is available to determine flow
requirements?
5d. What are the key knowledge gaps that might be addressed
by further research?
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1.3.2 Stakeholder engagement
The review of the scientific basis of environmental water requirements in the Condamine
Balonne and Barwon-Darling River systems was undertaken in a consultative manner, with
attempts made to provide a wide range of stakeholders an opportunity to contribute to the
project. Formal consultation comprised (see Appendix 1 for summary outcomes from each
meeting):
1. A series of initial meetings of science panel members with local community
representatives in Bourke, Walgett and St George in May 2013. These meetings
were designed to inform local stakeholders about the review, introduce them to the
science panel members and to establish preferred mechanisms for future
engagement. At these meetings, stakeholders raised a number of issues and
identified potential knowledge gaps relevant to SDLs and water management in the
northern Basin. These formed one of the inputs for the science review.
2. State agency ecologists held a workshop in Sydney in August 2013, to inform the
science panel of work jurisdictions have conducted in the northern Basin. The
workshop also provided agencies with an opportunity to express their opinions on
priority knowledge gaps and future projects. The workshop provided a body of data
and knowledge that contributed to the science review.
3. In August 2013, science panel members met with local community members in St.
George. The aim of this meeting was to inform people of the progress of the review
and to provide an opportunity to capture local knowledge on aquatic ecosystems of
the northern Basin.
4. A researchers forum held in Brisbane in September 2013 brought together scientists
from a variety of disciplines, with experience in the northern Basin. The forum
focussed on the identification and prioritisation of critical knowledge gaps in our
understanding of aquatic ecosystems in the northern Basin, with respect to
improving the basis of SDLs.
5. In April and May 2014, the MDBA took the preliminary outcomes of the science
review to regional stakeholders through a series of meetings and workshops.

1.3.3 Review process
The scientific review was conducted in a systematic manner, incorporating the outputs of
the stakeholder engagement activities described above. Specific tasks are described below.
Step 1. Assessment of indicator sites and ecological targets against Basin Plan objectives
and known ecological values and assets of the two focus regions, the Condamine
Balonne and Barwon-Darling Rivers (see Sections 2 and 3);
Step 2. Review of general knowledge of flow–ecology relationships to identify ecological
components and processes, potential flow relationships and non-flow factors relevant
to determining environmental water requirements and developing the ESLT in relation
to the identified ecological values and assets of the two focus regions, i.e. identify
knowledge needs (see Section 4.1);
Step 3. Review of knowledge used by MDBA in determining environmental water
requirements and developing the ESLT in relation to the identified ecological values and
assets of the two focus regions (see Sections 4.2 and 4.3);
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Step 4. Identify and assess other available knowledge of relevance to determining
environmental water requirements and developing the ESLT in relation to the identified
ecological values and assets of the two focus regions (see Section 4.4);
Step 5. Identify key knowledge gaps, i.e. gaps between identified knowledge needs
(Step 2) and available knowledge (Steps 3 and 4) of relevance to determining
environmental water requirements and developing the ESLT in relation to the identified
ecological values and assets of the two focus regions (see Section 4.5);
Step 6. Make recommendations concerning the approach taken by the MDBA and
research priorities to inform the determination of ecological values and assets,
identification of indicator sites, setting of ecological objectives and targets,
determination of environmental water requirements(see Section 5).

1.4 Report structure and outputs
The results of the review of the scientific basis of the environmental water requirements in
the Condamine–Balonne and Barwon-Darling River systems have been communicated
through three key products:
1. A fact sheet – which provides a summary outline of the findings and recommendations in
a two page table format.
2. A synthesis report – which provides a more detailed, non-technical summary of the
review findings and some detail on recommendations and research priorities.
3. A technical report (this report) – which provides the detailed review.
This technical report has been structured as follows:
Section 2 reviews the process and knowledge underpinning the identification of key
environmental assets and indicator environmental assets in the two regions, i.e. the
Condamine-Balonne catchment and the Barwon-Darling River;
Section 3 assesses the ecological targets with respect to Basin Plan objectives, and the
appropriateness of the selected hydrologic indicator sites (i.e. flow gauge locations);
Section 4 reviews the process and knowledge underpinning the flows required to meet
objectives and targets at each indicator site; and
Section 5 provides a synthesis of the outcomes of the review including the research
priorities and recommendations.
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2 Identification of asset
1a Did the approach of the MDBA in identifying assets represent best practice?
There is now a national method for identifying high value wetlands and rivers (HEVAE framework). The
identification of assets for the Basin Plan was completed prior to the release of the national HEVAE process.
However, the MDBA process was consistent with the national framework. The MDBA process was reviewed
by CSIRO and the hydrological indicator site method was found at that time to be “an appropriately
pragmatic approach” to assess overall environmental water requirements.
1b. What additional information is available for identification of key environmental assets, and what
knowledge gaps exist?
Additional information
Since the development of the ESLT process, there have been developments in methods to identify high value
wetlands and rivers. Particularly, the use of a prioritisation process that ranks wetlands and rivers according
to values is now accepted practice. In addition, a number of parallel projects have been used to identify high
value wetlands and rivers across the northern Basin, and in particular in the two focus regions (CondamineBalonne and Barwon-Darling), which could be used to supplement the identification of key environmental
assets.
Also an interim inventory and classification of wetlands across the Basin has been developed. This could help
to refine the identification of key environmental assets.
Knowledge gaps
Despite the new inventory and classification of rivers and wetlands, there are still gaps. A lack of wetland
mapping and inventory in the NSW portions of the two regions severely hampers the identification of assets.
Comprehensive knowledge of the ecological values of wetlands across the NSW portion of the two regions is
another knowledge gap which limits the ability to accurately identify key environmental assets. This review
has recommended further research and investigations to address these knowledge gaps, which will be
considered by the MDBA.
2a. Do the selected indicator environmental assets represent the water requirements of the key
environmental assets of each of the regions (i.e. the Condamine-Balonne, and Barwon-Darling Rivers)?
The three assets (Lower Balonne Floodplain, Narran Lakes, Barwon-Darling River) undoubtedly represent
high value ecosystems. Whether they adequately represent the flow requirements of key environmental
assets of the two focus regions is less certain. This level of uncertainty is most apparent in the CondamineBalonne region where the two indicator environmental assets are both located in the lower reaches of the
system. The environmental asset of the Barwon-Darling is representative of this portion of that river system.
2b. What additional information is available for identification of indicator environmental assets, and what
knowledge gaps exist?
Additional information
As stated above, there is now an interim classification and inventory of aquatic ecosystems across the Basin
that provides additional information on the location and types of rivers and wetlands.
Knowledge gaps
The development of inundation models remains a significant gap, which the MDBA is currently filling. The
development of such models for the two focus regions would reduce existing uncertainty regarding the
ability of three indicator environmental assets (Lower Balonne Floodplain, Narran Lakes and Barwon-Darling
River) to adequately represent the water regime requirements of key environmental assets in the two
regions.
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2.1 Overview of assets and values
The identification of key ecological values and ecosystem services is a critical step in the
MDBA’s framework for determining an ESLT. The process is multi-step and comprised:




Systematic review of existing information
Application of a framework for identifying key environmental assets across the Basin
(representative of key ecological values and ecosystem functions)
Selection of indicator environmental assets that best represent the flow requirements of
the key environmental assets

Here, we review the process with respect to the Condamine-Balonne catchment and the
Barwon-Darling River system in terms of the approach used to identify both key
environmental assets, and indicator environmental assets.

2.2 Approach to identifying key environmental assets
2.2.1 Did the approach of the MDBA in identifying key environmental assets
represent best practice?
Management and protection of aquatic ecosystems through the identification of assets of
high value has been a focus both internationally (Boon 2000) and in Australia (Stein et al.
2001) for over a decade, but has lagged behind similar approaches for terrestrial
ecosystems (Kingsford et al. 2005, Linke et al. 2005). Kingsford et al. (2005) considered that
the systematic identification of priorities and a framework that focussed on conservation of
habitat and ecosystem function to protect biodiversity were essential elements of an
effective framework for identifying high value aquatic ecosystems.
In 2012, the Australian government released a framework for the systematic identification
of high value aquatic ecosystems as part of the Aquatic Ecosystems Toolkit (Aquatic
Ecosystem Task Group 2012). The framework is designed to be flexible across spatial scales
and to inform on multiple processes, including water resource planning and determining
priorities of environmental water. The Toolkit explicitly mentions the value of the
framework in identifying key environmental assets under the Basin Plan (Aquatic Ecosystem
Task Group 2012). The national framework is based on the application of the following five
criteria:
1. Diversity:
 The aquatic ecosystem exhibits exceptional diversity of species (native/migratory),
habitats, and/or geomorphological features/processes.
2. Distinctiveness:
 The aquatic ecosystem is rare/threatened or unusual; and/or
 The aquatic ecosystem supports rare/threatened/endemic
species/communities/genetically unique populations; and/or
 The aquatic ecosystem exhibits rare or unusual geomorphological features/processes
and/or environmental conditions, and is likely to support unusual assemblages of species
adapted to these conditions, and/or are important in demonstrating key features of the
evolution of Australia’s landscape, riverscape or biota.
8

3. Vital habitat:
 An aquatic ecosystem provides vital habitat for flora and fauna species if it supports:
- unusually large numbers of a particular native or migratory species; and/or
- maintenance of populations of specific species at critical life cycle stages; and/or
- key/significant refugia for aquatic species that are dependent on the habitat,
particularly at times of stress.
4. Naturalness:
 The ecological character of the aquatic ecosystem is not adversely affected by modern
human activity.
5. Representativeness:
 The aquatic ecosystem is an outstanding example of an aquatic ecosystem class to which
it has been assigned, within a drainage division.
Consistent with international and national approaches, the MDBA developed a systematic
approach to identifying key environmental assets to inform the development of ESLT and
SDLs. This included selection and application of five criteria, which were based on early
versions of the national framework, and as such are largely consistent with the national
approach (Table 2). The approach taken by the MDBA also explicitly included consideration
of ecosystem function and ecosystems services.
Table 2: Comparison of MDBA (2011) criteria with those of the national framework
(Aquatic Ecosystem Task Group 2012).
ESLT criteria (MDBA 2011)

Equivalent national criteria
(AETG 2012)

Criterion 1: The water‐dependent ecosystem is formally
recognised in, and/or is capable of supporting species
listed in, international agreements.

Distinctiveness, vital habitat

Criterion 2: The water‐dependent ecosystem is natural or
near‐natural, rare or unique.

Naturalness, distinctiveness

Criterion 3: The water‐dependent ecosystem provides vital
habitat.

Vital habitat

Criterion 4: The water‐dependent ecosystem supports
Commonwealth, State or Territory listed threatened
species and/or ecological communities.

Distinctiveness

Criterion 5: The water‐dependent ecosystem supports or is
capable of supporting significant biodiversity.

Biodiversity

The application of this framework lead to the identification of a large number of key
environmental assets in both the Condamine-Balonne and Barwon-Darling systems, as well
as in other catchments in the northern Basin (for more information, visit the “Guide to the
proposed Basin Plan Volume 2 Appendix A – Key environmental assets” which is available on
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the MDBA’s website at http://www.mdba.gov.au/sites/default/files/archived/Guide-toproposed-BP-vol2-appa.pdf).

2.2.2 What additional information is available for identification of key
environmental assets, and what knowledge gaps exist?
Advances in methods
The MDBA process for identifying key environmental assets is consistent with best practice
and the national standard for identifying High Ecological Value Aquatic Ecosystems in that
objective and relevant criteria were developed and applied. A number of steps in the
process of identifying high value assets are currently accepted practice (and within the
national framework) that were unable to be implemented by the MDBA in the identification
of key ecological assets as the ESLT process was occurring in parallel with the development
of the national HEVAE framework. The HEVAE process is illustrated in Figure 3.
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Figure 3: HEVAE identification process, illustrating the workflow for groundwork (steps 1 –
3) and the process for applying the criteria (steps 4 – 6) (Aquatic Ecosystem Task Group
2012).
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Firstly, the geographic scale of application of criteria appears to be inconsistent across
aquatic ecosystems, ranging from entire river systems (e.g. the Paroo and Macquarie Rivers
in the Barwon-Darling region) to smaller individual wetlands (e.g. Horseshoe Lagoon and
Ross Billabong in the Barwon-Darling region). It is currently accepted practice that a
consistent spatial unit of application be applied, be that at the scale of individual wetlands
or larger segments of the landscape as per step 3 in Figure 3 (Hale 2010, Aquatic Ecosystem
Task Group 2012). This provides a more consistent and even application of the criteria
within a region.
Unlike most systems used for the identification of high value aquatic ecosystems (e.g.
AquaBAMM, Clayton et al. 2006, CFEV, DPIW 2007, HEVAE Trial in the Lake Eyre Basin Hale
2010, South Australian River Murray Prioritisation Butcher et al. 2013), the MDBA applied
the criteria for identifying high value assets in an absolute manner, that is, if an asset
(aquatic ecosystem) met any criterion to any degree (e.g. there is a single listed threatened
species recorded at the site) this was then considered to be a key ecological asset. Thus, a
very large number of key environmental assets were identified across the Basin, and within
the two regions that are the focus of this review. Although this is consistent with some
international processes such as the Ramsar Convention on wetlands of intentional
importance, a more commonly accepted practice is to apply a scoring and prioritisation
system for each criterion so that a ranked, prioritised list of aquatic ecosystems is identified
(Hale 2010, Aquatic Ecosystem Task Group 2012, Butcher et al. 2013). This then allows for
the objective identification of the highest value aquatic ecosystems, or filtering of the list to
meet desired requirements specific to the objectives of the process (e.g. representativeness
of ecosystem type or flow, water requirements or current condition).
Finally, in areas with significant knowledge gaps or uneven spatial distribution of knowledge
(such as the northern Basin) a top down approach may be more efficient than the bottomup approach adopted by the MDBA. A top-down approach involves the attributing of criteria
to assessment units (hydrologically, physically or geomorphically derived) rather than
individual wetlands, waterholes or river reaches. Criteria can then be applied on the basis of
available data (e.g. Hale 2010) or from predictive modelling of aquatic species and
communities distributions (e.g. Kennard et al. 2010).
Additional data and information
One of the fundamental requirements in the identification of high value aquatic ecosystems
is a complete wetland inventory and mapping layer (Hale 2010). At the time that the MDBA
was undertaking the task of identifying key environmental assets, there was no consistent
mapping and classification of aquatic ecosystems in the Basin. Since that time, the
Australian National Aquatic Ecosystem (ANAE) interim classification has been applied across
the Basin and a mapping layer integrating all available aquatic ecosystem mapping products
has been complied (Brooks et al. 2013). While there are still inconsistencies with the detail
of wetland mapping, particularly in NSW, it represents a product that could inform a
consistent application of a HEVAE process across the Basin for a robust identification of key
environmental assets. It should be recognised however, that without additional information
about the water requirements of HEVAE in the northern Basin, a systematic HEVAE process
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is only the first step in informing the ESLT, and may not change the end result in terms of
SDLs.
It terms of identifying HEVAEs in the Basin, the Queensland EPA’s Aquatic Conservation
Assessments (ACAs) using AquaBAMM (rapid) methodology was applied to the northern
Basin, both in Queensland (Fielder et al. 2011) and the entire northern Basin (NSW
Department of Primary Industries 2008). The AquaBAMM method has been developed for
the identification of high value aquatic ecosystems and uses a series of criteria and a
prioritisation process that is consistent with the national framework for the identification of
HEVAE. The Queensland assessment, which was based on a more complete aquatic
ecosystem inventory than exists for the entire northern Basin, identified a large number of
high value systems, including the Lower Balonne floodplain (Fielder et al. 2011). In order for
this information to be useful for the identification of key environmental assets for the ESLT
process, further analysis would be required. In particular, analysis of the final scores and
ranking to ensure that the indicator environmental assets best meets Basin Plan
requirements.
The broader assessment across the entire northern Basin (NSW Department of Primary
Industries 2008) was hampered by significant data gaps but also identified both the Lower
Balonne floodplain and the Narran Lakes as high value systems, together with other,
comparatively well studied and nationally or internationally important systems such as the
Paroo River wetlands and Gwydir wetlands (NSW Department of Primary Industries 2008).
Application of the criterion of representativeness was prevented by a lack of complete
aquatic ecosystem mapping and classification, which was recognised as a limitation on the
projects ability to adequately capture a range of wetland types.
It is widely acknowledged that there are significant knowledge gaps with respect to aquatic
ecosystems in the northern Basin. In particular, although there is a wetland classification
and mapping layer for the Basin, resolution is not consistently at a sufficiently fine scale to
adequately inform the ESLT process. Mapping and inventory of wetland systems in
Queensland has been undertaken (for more information, visit the Queensland Government
WetlandMaps webpage at http://wetlandinfo.ehp.qld.gov.au/wetlands/facts-maps/getmapping-help/wetland-maps/) and the river network is well defined across Australia
(Bureau of Meteorology 2011). However, wetland mapping within the NSW section of the
two focus regions is of a courser resolution which limits its ability to accurately identify key
environmental assets and this lack of detail represents a significant knowledge gap
(Saintilan et al. 2010, Cottingham et al. 2012). This knowledge deficiency extends to the
distribution of flora and fauna species as well as those of aquatic and vegetation
communities, so much so that the recent identification of high conservation value areas in
the Western Catchment of NSW was undertaken using predictive modelling due to data
constraints (Thompson et al. 2009).

2.3 Indicator environmental assets
The MDBA developed a process for identifying key environmental assets that was consistent
with the more recently developed Australian National Framework for identifying High
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Ecological Value Aquatic Ecosystems (HEVAE) (Aquatic Ecosystem Task Group 2012). The
MDBA observed that the process identified thousands of key environmental assets, and that
the information base was not available to enable environmental water requirements to be
identified for each of these assets. Recognising that many of these assets are hydrologically
connected – at a reach or catchment scale many key environmental assets are watered by
the same flow events - the MDBA developed the ‘hydrologic indicator site’ approach. This
approach uses relatively well studied sites to describe the pattern of flows for those sites.
These flows are seen to provide outcomes for a number of key environmental assets within
the same section of river. This process is underpinned by the assumption that:
“provision of an adequate flow regime at indicator sites is representative of the
environmental water requirements of the broader suite of key environmental assets
and key ecosystem functions across the Basin” (MDBA 2011).
Indicator environmental assets and hydrologic indicator sites were selected in systems
where end of system flows are currently less than 80% of flow without development, and
with regard to:





Representativeness of water requirements at a larger scale;
Spatial distribution across the Basin;
Ability to provide assessments of priority parts of the flow regime; and
Quality of available information.

This is consistent with other approaches to environmental flow management such as the
Victorian FLOWS method, SKM 2002) and was deemed by the CSIRO review as being
“appropriately pragmatic” (Young et al. 2011).

2.3.1 Do the selected indicator environmental assets represent the water
requirements of the key environmental assets of each of the regions (i.e.
the Condamine-Balonne, and Barwon-Darling Rivers)?
The MDBA selected three indicator environmental assets in the two regions relevant to this
review; i.e. the Lower Balonne floodplain and Narran Lakes in the Condamine-Balonne
catchment (Figure 4) and the main stem of the Barwon-Darling Rivers in the Barwon-Darling
system (Figure 5). While these undoubtedly meet the criteria for identifying key
environmental assets (see Table 3), whether they adequately represent the flow
requirements of all of the high value aquatic ecosystems in these two regions is less certain.
This is of particular concern for the Condamine-Balonne catchment, which is currently
represented by assets located solely in the lower end of the system.
The Condamine-Balonne region extends from the high country in the upper Condamine in
the east to the western plains of the lower Balonne and covers a variety of landforms. Major
rivers include the Condamine, Balonne, Culgoa, Narran and Maranoa Rivers and Nebine
Creek (Figure 4). Thoms and Parsons (2003) divided the system into eight geomorphic
zones, comprising five distinct types: constrained upland, armoured, mobile, meandering
and anabranching. Of these zones, only one type (anabranching) and a single zone is
represented by the MDBA assets - the Lower Balonne Floodplain and Narran Lakes. In
addition, the authors identified six distinct hydrological zones, based on a wide range of
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metrics of which only two are represented by the MDBA assets. Given that geomorphology
and hydrology are key drivers of aquatic ecosystem ecology, it is highly likely that the Lower
Balonne Floodplain and Narran Lakes indicator environmental assets do not adequately
represent the hydrologic requirements of assets located in the upper Condamine, Maranoa
River and Nebine Creek systems.

Figure 4: Schematic of the Condamine-Balonne region illustrating the indicator
environmental assets (in green) and hydrologic indicator sites (red stars) (MDBA).
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Figure 5: Schematic of the Barwon-Darling region illustrating the indicator environmental
asset (in green) and hydrologic indicator sites (red stars) (MDBA).

2.3.2 What additional information is available for identification of indicator
environmental assets, and what knowledge gaps exist?
As stated above, there is now an interim classification and inventory of aquatic ecosystems
across the Basin (Brooks et al. 2013). However, as recognised by MDBA (2012) the lack of an
inundation model for the two regions (Condamine-Balonne and Barwon-Darling) hampers
the identification of the water regime requirements and hydrological connectivity of key
environmental assets. Without this information, there is no surety that the indicator
environmental assets adequately represent the water regime requirements of key
environmental assets in the review regions.
It is widely acknowledged that there are significant knowledge gaps with respect to
background information on aquatic ecosystems in the review regions of the northern Basin.
In particular, although there is a wetland classification and mapping layer for the Basin, its
resolution is not consistent at a sufficiently fine scale to adequately inform the outcomes of
the ESLT process. Mapping and inventory of wetland systems in Queensland has been
undertaken (for more information, visit the Queensland Government WetlandMaps
webpage at http://wetlandinfo.ehp.qld.gov.au/wetlands/facts-maps/get-mappinghelp/wetland-maps/) and the river network is well defined across Australia (Bureau of
Meteorology 2011). However wetland mapping within the NSW section of the two focus
regions is of a courser resolution which limits its ability to accurately identify key
environmental assets and this lack of detail represents a significant knowledge gap
(Saintilan et al. 2010, Cottingham et al. 2012). Comprehensive knowledge of the ecological
values of wetlands across the NSW portion of the two regions is another knowledge gap
which limits the ability to accurately identify key environmental assets.
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Table 3: Key environmental asset criteria of the three environmental indicator environmental assets: Barwon-Darling, Lower Balonne floodplain and
Narran Lakes (MDBA 2012a, 2012b, 2012c).
MDBA Key environmental assets
criterion
1. The water-dependent ecosystem
is formally recognised in
international agreements or, with
environmental watering, is capable
of supporting species listed in those
agreements
2. The water-dependent ecosystem
is natural or near-natural, rare or
unique

Ecological values supporting criteria
for the Barwon-Darling

Ecological values supporting criteria
for the Lower Balonne

Ecological values supporting criteria
for the Narran Lakes

Species listed in international
agreements present (migratory
waterbirds).

N/A

Narran Lakes Nature Reserve is listed
under the Ramsar Convention as a
wetland of international importance.
Species listed in international
agreements present (migratory
waterbirds).

Talyawalka Anabranch and
Teryaweynya Creek are a national
important wetland system that is
relatively unaltered and representative
of black box dominated semi-arid
inland floodplain wetland systems.

The Narran Lakes system is a unique
and relatively undisturbed terminal
lake system.
The system contains some of the
largest expanses of lignum in NSW.

3. The water-dependent ecosystem
provides vital habitat

Contains areas that may support 20,000
or more waterbirds (Kingsford et al.
1997): Poopelloe Lake, Talyawalka
Creek and Pelican Lake in the
Teryaweynya system and Darling River
floodplain near Louth
Range of habitats for aquatic organisms
provided by main stem of BarwonDarling and lowland Darling River due
to morphology and hydrology.

Floodplains of the Culgoa, Birrie,
Bokhara and Narran Rivers support
the largest area of native grasslands in
NSW and some of the most extensive
and contiguous coolibah woodlands
remaining.
Areas of coolibah – black box
woodland in Culgoa National Park are
particularly significant.
Lower Balonne floodplain supports
second largest number of wetlands >
five hectares in size within Basin.
Natural drainage system of Lower
Balonne provides habitat for diverse
fauna.
Fauna present in the Lower Balonne
Floodplain are included within the
Lowland Darling River aquatic
ecological community, which is listed
as threatened under the Fisheries
Management Act 1994 (NSW).

The Narran Lakes are recognised as
one of eastern Australia’s most
important waterbird breeding
habitats.
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MDBA Key environmental assets
criterion
4. Water-dependent ecosystems
that support Commonwealth, State
or
Territory listed threatened species or
communities

Ecological values supporting criteria
for the Barwon-Darling

Ecological values supporting criteria
for the Lower Balonne

Ecological values supporting criteria
for the Narran Lakes

Native species listed as threatened
under Commonwealth and State
legislation present.

Native species listed as threatened
under Commonwealth and State
legislation present.

5. The water-dependent ecosystem
supports, or with environmental
watering is capable of supporting,
significant biodiversity

Diverse assemblage of native species in
aquatic ecological community of
Barwon-Darling system including 21
native fish species.
Talyawalka Anabranch and
Teryaweynya Creek system supports
extensive areas of floodplain
vegetation.
Talyawalka Anabranch and
Teryaweynya Creek system provide
habitat for large numbers of waterbirds
when inundated.

Native species listed as threatened
under Commonwealth and State
legislation present.
Coolibah-black box communities of
the northern riverine plains in the
Darling Riverine Plains and Brigalow
Belt South bioregions are of particular
note. This community is recognised as
an endangered ecological community
under the NSW Threatened Species
Conservation Act 1995.
N/A

The Narran Lakes are likely to be
internationally important for
numerous bird species, i.e. blackwinged stilts, red-necked avocets,
marsh sandpiper, straw-necked ibis
and red-kneed dotterel.
The Narran Lakes is one of Australia’s
12 most significant ibis breeding sites.
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Table 4: Site specific ecological targets of the environmental indicator environmental assets: Barwon-Darling, Lower Balonne floodplain and Narran Lakes
(MDBA 2012a, 2012b, 2012c).
Site specific ecological targets
Justification of targets for BarwonJustification of targets for Lower
Justification of targets for Narran
Darling
Balonne
Lakes
Riparian, floodplain and wetland
Provides flows to important
Coolibah – black box woodland of the
The site supports a range of floodvegetation
Talyawalka Anabranch wetlands
northern riverine plains in the Darling
dependent vegetation types which
Provide a flow regime which ensures
system, which comprises series of
Riverine Plains and Brigalow Belt South
are important habitats for a range
the current extent of native vegetation braided channels across floodplain,
bioregions is listed as an Endangered
of biota.
of the riparian, floodplain and wetland
interspersed by a series of
Ecological Community and provides
The site has some of the largest
communities is sustained in a healthy,
intermittent lakes with large areas of important habitat for fauna and flora.
expanses of lignum in NSW.
dynamic and resilient condition
black box and river red gum.
Waterbirds
Poopelloe Lake, Talyawalka Creek
The Lower Balonne floodplain has high
The Narran Lakes is a significant
Provide a flow regime which supports
and Pelican Lake within
levels of connectivity with the Narran
waterbird-breeding site, especially
the habitat requirements of waterbirds Teryaweynya system and Darling
Lakes which is an important waterbird
for ibis.
and is conducive to successful breeding River floodplain near Louth may
breeding site. The Lower Balonne
of colonial nesting waterbirds
support 20,000 or more waterbirds
floodplain is likely to support bird
(Kingsford et al. 1997).
breeding by providing foraging habitats.
Aquatic ecological communities
Barwon-Darling River upstream of
A range of fish, amphibian and waterA range of fish, amphibian and
Provide a flow regime which supports
Menindee Lakes recognised as
dependent reptile and invertebrate
water-dependent reptile and
recruitment opportunities for a range
containing vital habitat for native
species are present.
invertebrate species are present.
of native aquatic species (e.g. fish,
fish including vulnerable and
frogs, turtles, invertebrates).
endangered species such as Murray
cod and silver perch.
Landscape physical structure and
Inundation of within channel and
Longitudinal and lateral connectivity
Longitudinal and lateral
habitat
floodplain habitats likely to be
likely to be critical for persistence of fish, connectivity likely to be critical for
Provide a flow regime which supports
important for aquatic ecosystem
bird and invertebrate populations and
persistence of fish, bird and
key ecosystem functions, particularly
functioning.
processes that support these.
invertebrate populations and
those related to connectivity between
processes that support these.
the river and the floodplain
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3 Development of environmental objectives and targets
3a. Are the ecological objectives and targets consistent with Basin Plan objectives?
The ecological objectives and targets selected for the northern Basin broadly reflect the objectives of
the Basin Plan.
3b. How could the development of ecological objectives and targets be improved?
The ecological objectives and targets could be improved by writing them in a way that allows for
easier assessment of their achievement through water management, by making them specific,
measureable, achievable, relevant and time-bound (SMART). This will require the filling of some of
the key data gaps identified in the report (e.g. inundation modelling, vegetation mapping). Further
work to fill these information gaps is recommended, and the MDBA has advised that inundation
mapping and development of vegetation mapping is currently underway.
4. Do the selected indicator sites (i.e. flow gauge locations) adequately represent flows across the
indicator environmental assets?
The hydrologic indicator sites (gauge stations) were selected based on a robust process and relevant
information. However, the science panel noted two points:
1. There is some doubt about the adequacy of the single hydrological indicator site on the Culgoa River
to capture all the water requirements of the Lower Balonne Floodplain and further work potentially
needs to be focussed here; and
2. The three hydrological indicator sites on the Darling River are downstream of the beginning of the
environmental asset and it is unclear how they represent the water requirements of upstream
locations on the Barwon River.
Further work examining the hydrological data is recommended to determine the need for additional
hydrologic indicator sites in these two focus areas.

3.1 Consistency with Basin Plan objectives
The Basin Plan identifies four broad environmental objectives for water-dependent ecosystems in
the Murray-Darling Basin (see Chapter 5, Section 5.03 of the Basin Plan):





Biodiversity: ‘To protect and restore water-dependent ecosystems of the Murray-Darling Basin’
Function: ‘To protect and restore the ecosystem functions of water-dependent ecosystems’
Resilience: ‘To ensure that water-dependent ecosystems are resilient to climate change and other
risks and threats’
Water quality: ‘To ensure water quality is sufficient to achieve the above objectives for waterdependent ecosystems; and for Ramsar wetlands, sufficient to maintain ecological character’

The indicator sites and ecological targets for the northern Basin broadly reflect the Basin Plan
objectives, with specific mention of biodiversity, function, resilience and implied targets for water
quality related to maintaining habitat and condition for aquatic species such as fish. Indicator sites
also support Ramsar wetlands (Narran Lakes) and listed migratory and threatened species and
ecological communities. The ecological targets used are very broad and as such it will be difficult to
determine if the ecological targets have been met without the development of more specific targets
and a recognition that restoring parts of the flow regime may not result in the complete protection
or restoration of diversity, function and resilience and that other covariates may need to be
considered (landuse, invasive species).
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The generation of background information that would allow the development of more specific
ecological targets is one of the key knowledge gaps to be filled within the review regions. More
specific information on ecological targets will improve their ability to inform against Basin Plan
objectives, and a useful approach may be to follow the accepted standard for objective writing, the
ubiquitous SMART acronym representing the following five criteria: Specific, Measureable,
Achievable, Relevant, Time-bound. The more specific information for the review regions to underpin
ecological targets represents a longer term activity.

3.2 Hydrologic indicator sites
3.2.1 Do the selected indicator sites (i.e. flow gauge locations) adequately represent
flows across the indicator environmental assets?
The MDBA selected hydrologic indicator sites (i.e. flow gauge locations) at which site-specific flow
indicators are established to meet environmental objectives and targets for each of the indicator
environmental assets. The hydrologic indicator sites for the three assets that are the subject of this
review are as follows:




The Lower-Balonne Floodplain is represented by a single hydrologic indicator site, the gauging
station on the Culgoa River at Brenda (Figure 4);
The Narran Lakes is represented by a single hydrologic indicator site, the gauging station on the
Narran River at Wilby Wilby (Figure 4); and
The Barwon-Darling River is represented by three hydrologic indicator sites on the Darling River at
Bourke, Louth and Wilcannia (Figure 5).

While a full analysis of the data from gauging stations relevant to the indicator environmental assets
is beyond the scope of this science review, consideration of the adequacy of these sites from
information in the existing literature, previous studies and the expert opinion of the science panel
members is described below.
Barwon-Darling River
Three hydrological indicator sites (i.e. flow gauges) were used to make flow thresholds for the
Barwon-Darling indicator environmental asset; these were Bourke, Louth and Wilcannia. While these
three indicator sites are sufficient for dealing with flows below the confluence of the CondamineBalonne system with the Barwon-Darling River, and include flow thresholds relevant for the midDarling Talyawalka and Teryaweynya Creek wetland systems, in the context of the entire ESLT
process for the northern MDB hydrological indicator sites upstream, including Collarenebri and
Walgett would provide some comparison. However, although the review was restricted to looking
at the hydrological indicators sites used within the focus regions, in the broader northern Basin
some of the uncertainty of how well the indicator sites represented flows within this asset were
mitigated by the use of other hydrologic indicators sites either at the top of the Barwon River
(Mungindi on the Barwon) or other sites located in the lower section tributaries (Bugilbone on the
Namoi). We recognise that within the context of these three indicator environmental asset sites, the
three hydrological indicator sites below the Condamine-Balonne confluence are the most relevant.
Lower Balonne floodplain
The Lower Balonne indicator environmental asset extends from St George in Queensland to the
confluence with the Barwon River in NSW and includes parts of the Culgoa National Park. Narran
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Lakes, which is situated within this region, is considered by the MDBA as a separate indicator
environmental asset site (see section 3.2.4). The hydrological indicator site for the Lower Balonne
indicator environmental asset was the Brenda gauge on the Culgoa River. While only one
hydrological indicator site was used for the Lower Balonne floodplain system, flows at the Brenda
gauge were correlated with flows at the St George gauge at the top of the system, and with a
relatively good fit in the relationship between the two gauges (R2 0.86 – suggesting flows at Brenda
explain 86% of the variation in flows at St George). However, given the importance of both the
spatial extent of the flooding within the Lower Balonne system, the complexity of this flooding and
no spatial inundation model for the system, it would have been useful to use at least use one other
hydrological indicator site. While the quality of the data at other gauges may not have been as good
as that available for the Culgoa River at the Brenda gauge, some comparison of flow thresholds
generated for the Brenda gauge with gauges on the other main streams, would have been useful
and provided a better understanding of the spatial complexity of the flow thresholds. There are two
gauges on the Birrie River (422013: Birrie near Googooga and 422010 Birrie near Talawanta) and one
on the Bokhara River (422032: Bokhara U/S Weir) that might have been a useful comparison for flow
thresholds.
Narran Lakes
The Narran Lakes indicator environmental asset includes the Ramsar listed Narran Lakes which
represents one portion of the entire Narran Lakes system. The Wilby Wilby gauge on the Narran
River is the specific hydrological indicator site used by the MDBA in relation to the Narran Lakes
asset site. The Wilby Wilby gauge would be the best one to use as the hydrological indicator site for
the Narran system as it most adequately captures the flow regime of the lakes system.
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4 Flows required to meet ecological objectives and targets
Once indicator environmental assets and hydrologic indicator sites have been selected, the next step
in the ESLT process is deriving flow requirements for each hydrologic indicator site. Here we review
this step in the process with respect to the Condamine-Balonne and Barwon-Darling by answering
the questions:
5a. What knowledge needs are desirable to determine required flows?
5b. How relevant was the knowledge used in determining flow requirements?
5c. What other knowledge is available to determine flow requirements?
5d. What are the key knowledge gaps that might be addressed by further research?
Members of the science panel completed a review of the available literature relevant to these
questions and this step in the ESLT process in the northern Basin. These literature reviews are
provided in Appendix 2, and summarised in the following sections.

4.1 Hydrologic indicator sites and the specific flow indicators
The MDBA has identified site-specific flow indicators for each of the indicator environmental assets
and their associated hydrologic indicator sites (Table 5). These flow components can be linked to
specific ecological responses for the key ecological components (Table 4).
The hydrological setting is the basic template by which the key ecological components (i.e. physical
habitat, riparian and floodplain vegetation, aquatic communities and waterbirds) respond through
ecological processes such as growth, breeding, recruitment and dispersal to new locations. The sitespecific flow indicators for the three indicator environmental assets can be summarised into five
flow bands (Figure 6):






Cease to flow events
Low flow conditions (base-flows)
Within channel flow pulses (i.e. freshes);
Medium flow pulses that can inundate low levels of the floodplain, anabranches and some
billabongs with low level connection and create significant connection between permanent parts
of the channel network (bankfull flows); and
High level flow pulses that inundate substantial portions of the floodplain and terminal wetland
areas (overbank flows).

These flow bands have been identified by a range of studies across a number of river systems as
having differential ecological impacts that result in specific ecological responses (see Appendix 2).
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Figure 6: Conceptual illustration of flow components and their influence on different parts of the
river channel and its floodplain (MDBA 2011).
When rivers are in cease-to-flow or base flow conditions the occurrence of a within-channel flow
pulse, or a ‘fresh’ is important for moderating water quality at the reach scale, increasing habitat
availability, and potentially providing breeding and recruitment opportunities for short lived taxa.
Bankfull flows will inundate low lying floodplain habitats and provide substantial within channel
connectivity and will be significant for moderating water quality across large portions of the channel
network, providing significant breeding and recruitment opportunities for a range of taxa, and pulses
of nutrients from newly inundated channels and low lying floodplain areas that can move back into
the channel and potentially have positive outcomes for secondary consumers through stimulation of
basal food resources.
Overbank flows inundate substantial portions of the floodplain and floodplain waterbodies
(depending on position within the catchment), stimulating large scale breeding and recruitment of
many taxa and are significant in maintaining the presence of many taxa within the community
following subsequent growth of new recruits and movement of these individuals back into
waterholes. However, within the northern Basin it is not just the magnitude of the flow that is
important - the temporal sequencing of flows is also known to be significant with respect to the
magnitude of the resulting flood. Sequential floods occur within this region, reflecting the ENSO
signal and these can result in increased inundation of the channel network and terminal wetlands
(Appendix 2; Leigh et al. 2010).
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Table 5: Knowledge supporting development of site-specific flow indicators for the indicator environmental assets as measured across the Hydrologic Indicator Sites (HIS) (MDBA 2012a, 2012b, 2012c).
Flow Regime
Hydrologic
Indicator
Site
BarwonDarling –
Bourke

Flow Rate or
Volume

10,000 ML/d

Duration

5 days

Barwon -Darling – Bourke

Timing

What it does

What is affected

Science used

Minimum of 2 events
in a year preferably
one summer /autumn
and one winter/spring
but timing of the
events is not
constrained to a
specific season

Provide a flow regime which:
Nutrient cycling;
Supports recruitment opportunities Inundation of in-channel and key low-lying
for a range of native aquatic
floodplain habitats as well as associated channels.
species (e.g. fish, frogs, turtles,
invertebrates); and
Supports key ecosystem functions,
particularly those related to
connectivity between the river and
the floodplain.

Beesley et al. (2009)
Boys (2007)
Davies et al. (2008)
Graham and Harris (2004)
Humphries et al. (1999)
King et al. (2008)
Lintermans (2007)
Mallen‐Cooper and Stuart (2003)
NSW Department of Primary Industries (2011)
Southwell (2008)

Minimum of 2 events in a year pre ferably o ne summer /autumn a nd one winter/s pring but timi ng of the events is not constraine d to a spe cifi c seas on

Provide a flow regi me whi ch:

Nutrient cycli ng;

Beesley et al. (20 09)

Supports re cruitment opportunities for a range of native aquatic s pecie s (e.g. fish, frogs, turtles, i nvertebrates); and
Supports key ecosyste m functi ons, particularly those relate d to conne ctivity between the river and the floodplain.

Inundation of in -channel a nd key low-lying floodplain habitats as well as ass ociated channels.

Boys (2007 )
Davies et al. (2008 )
Graham and Harris (2004 )
Humphries et al. (1999 )
King et al. (200 8)
Linterma ns (2007 )
Mallen‐Cooper and Stuart (2003 )
NSW Depart ment of Primary Industries (201 1)
Southwell (2 008 )

10,000 ML/d

17 days

20,000 ML/d

5 days

Barwon -Darling – Bourke

Minimum of 2 events in a year pre ferably one summer /autumn a nd one winter/s pring but timi ng of the events is not constraine d to a spe cifi c seas on

BarwonDarling –
Louth

5,000 ML/d

10 days

Barwon -Darling – Louth

10,000 ML/d

10 days

14,000 ML/d

10 days

Barwon -Darling – Louth

Provide a flow regi me whi ch:
Supports re cruitment opportunities for a range of native aquatic s pecie s (e.g. fish, frogs, turtles, i nvertebrates); and
Supports key ecosyste m functi ons, particularly those relate d to conne ctivity between the river and the floodplain.

Nutrient cycli ng;
Inundation of in -channel a nd key low-lying floodplain habitats as well as ass ociated channels.

Beesley et al. (20 09)
Boys (2007 )
Davies et al. (2008 )
Graham and Harris (2004 )
Humphries et al. (1999 )
King et al. (200 8)
Linterma ns (2007 )
Mallen‐Cooper and Stuart (2003 )
NSW Depart ment of Primary Industries (201 1)
Southwell (2 008 )

Minimum of 2 events
in a year preferably
one summer /autumn
and one winter/spring
but timing of the
events is not
constrained to a
specific season.

Provide a flow regime which:
Nutrient cycling; and
Supports recruitment opportunities Inundation of in-channel and key low-lying
for a range of native aquatic
floodplain habitats as well as associated channels.
species (e.g. fish, frogs, turtles,
invertebrates); and
Supports key ecosystem functions,
particularly those related to
connectivity between the river and
the floodplain.

Beesley et al. (2009)
Boys (2007)
Davies et al. (2008)
Graham and Harris (2004)
Humphries et al. (1999)
King et al. (2008)
Lintermans (2007)
Mallen‐Cooper and Stuart (2003)
NSW Department of Primary Industries (2011)
Southwell (2008)

Minimum of 2 events in a year pre ferably one summer /autumn a nd one winter/s pring but timi ng of the events is not constrained to a spe cific season.

Provide a flow regi me whi ch:
Supports re cruitment opportunities for a range of native aquatic s pecie s (e.g. fish, frogs, turtles, i nvertebrates); and
Supports key ecosyste m functi ons, particularly those relate d to conne ctivity between the river and the floodplain.

Nutrient cycli ng; and
Inundation of in -channel a nd key low-lying floodplain habitats as well as ass ociated channels.

Beesley et al. (20 09)
Boys (2007 )
Davies et al. (2008 )
Graham and Harris (2004 )
Humphries et al. (1999 )
King et al. (200 8)
Linterma ns (2007 )
Mallen‐Cooper and Stuart (2003 )
NSW Depart ment of Primary Industries (201 1)
Southwell (2 008 )

Minimum of 2 events in a year pre ferably one summer /autumn a nd one winter/s pring but timi ng of the events is not constrained to a spe cific season.

Provide a flow regi me whi ch:
Supports re cruitment opportunities for a range of native aquatic s pecie s (e.g. fish, frogs, turtles, i nvertebrates); and
Supports key ecosyste m functi ons, particularly those relate d to conne ctivity between the river and the floodplain.

Nutrient cycli ng; and
Inundation of in -channel a nd key low-lying floodplain habitats as well as ass ociated channels

Beesley et al. (20 09)
Boys (2007 )
Davies et al. (2008 )
Graham an d Harris (2004 )
Humphries et al. (1999 )
King et al. (200 8)
Linterma ns (2007 )
Mallen‐Cooper and Stuart (2003 )
NSW Depart ment of Primary Industries (201 1)
Southwell (2 008 )
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Flow Regime
Hydrologic
Indicator
Site
BarwonDarling –
Wilcannia

Flow Rate or
Volume

Duration

30,000 ML/d

21 days

30,000 ML/d

30 days

Barwon -Darling – Wil cannia

Barwon -Darling – Wil cannia

Total volume
of 2,350 GL
but only
including days
when the flow
exceeds
30,000 ML/d

In a 12
month
period

Timing

What it does

What is affected

Science used

Timing not
constrained to reflect
that flows are
dependent on
occurrence of heavy
rainfall and will be
largely unregulated
events

Provide a flow regime which:
Ensures the current extent of
native vegetation of the riparian,
floodplain and wetland
communities is sustained in a
healthy, dynamic and resilient
condition;
Supports the habitat requirements
of waterbirds and is conducive to
successful breeding of colonial
nesting waterbirds;
Supports recruitment opportunities
for a range of native aquatic
species (e.g. fish, frogs, turtles,
invertebrates); and
Supports key ecosystem functions,
particularly those related to
connectivity between the river and
the floodplain.

Floodplain wetlands and vegetation:
Lignum;
River red gum woodlands;
River red gum forests;
Black box; and
Coolibah.

Brennan et al. (2002)
Cooke and He (2007)
Department of the Environment Water Heritage and the Arts (2010)
Jenkins and Boulton (2003)
Jenkins and Briggs (1997)
Kingsford et.al (1997)
NSW Department of Primary Industries (2011)
Overton et al. (2009)
Poff et al. (2010)
Roberts and Marston (2011)
Scott (1997)
SKM (2009)
Withers (1996)

Timing not constrained to re flect that fl ows are de pen dent on occurre nce of heavy rainfall and will be largely unreg ulated ev ents

Provide a flow regi me whi ch:
Ensures the curre nt extent of native vegetation of the riparian, flo odplai n and wetland communities i s sustained in a healthy, dynami c and re silient condition;
Supports the habitat require ment s of waterbir ds and i s conducive to success ful bree ding of colonial nesting waterbirds ;
Supports re cruitment opportunities for a range of native aquatic s pecie s (e.g. fish, frogs, turtles, i nvertebrates); and
Supports key ecosyste m functi ons, particularly those relate d to conne ctivity between the river and the floodplain.

Floodplain wetla nds and vegetation:
Lignum;
River red gum w oodla nds ;
River red gum fore sts;
Black box; a nd
Cooliba h.

Brenna n et al. (20 02)
Cooke and He (2007 )
Departme nt of the E nvironment Water Heritage and the Arts (20 10)
Jenkins and Boulton (2 003 )
Jenkins and Briggs (19 97)
Kingsford et.al (1 997 )
NSW Depart ment of Primary Industries (201 1)
Overton et al. (20 09)

Timing not constrained to re flect that fl ows are de pen dent on occurre nce of heavy rainfall and will be largely unreg ulated events

Provide a flow regi me whi ch:
Ensures the curre nt extent of native vegetation of the riparian, floodplai n and wetland communities i s sustained in a healthy , dynami c and re silient condition;
Supports the habitat require ment s of waterbir ds and i s conducive to success ful bree ding of colonial nesting waterbirds ;
Supports re cruitment opportunities for a range of native aquatic s pecie s (e.g. fish, frogs, turtles, i nvertebrates); and
Supports key ecosyste m functi ons, particularly those relate d to conne ctivity between the river and the floodplain.

Floodplain wetla nds and vegetation:
Lignum;
River red gum w oodla nds ;
River red gum fore sts;
Black box; a nd
Cooliba h.

Poff et al. (20 10)
Roberts a nd Marston (2 011 )
Scott (199 7)
SKM (200 9)
Withers (1 996 )

Brenna n et al. (20 02)
Cooke and He (2007 )
Departme nt of the E nvironment Water Heritage and the Arts (20 10)
Jenkins and Boulton (2 003 )
Jenkins and Briggs (19 97)
Kingsford et.al (1 997 )
NSW Depart ment of Primary Industries (201 1)
Overton et al. (20 09)
Poff et al. (20 10)
Roberts a nd Marston (2 011 )
Scott (199 7)
SKM (200 9)
Withers (1 996 )
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Flow Regime
Hydrologic
Indicator
Site
Lower
Balonne
Floodplain –
Brenda

Flow Rate or
Volume

Duration

Timing

What it does

What is affected

Science used

1,200 ML/d

7 days

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

Provide a flow regime which:
Ensures the current extent of
native riparian vegetation and inchannel wetland communities is
sustained in a healthy, dynamic
and resilient condition;
Supports the habitat requirements
of waterbirds;
Supports a range of native aquatic
species (e.g. fish, frogs, turtles,
invertebrates); and
Supports key ecosystem functions,
particularly those related to
connectivity through the channel
network.

Key ecosystem functions support fish, birds and
invertebrates through habitat maintenance, energy
transfer and facilitating connections through the
channel network;
Maintains water quality of waterholes and
billabongs that can act as refugia during drought;
Provides for the exchange of carbon and nutrients
essential for the functioning and integrity of
floodplain-river ecosystems;
Natural patterns of longitudinal and lateral
connectivity is essential to the viability of
populations of many aquatic species;
Overbank flows supply the floodplains with
nutrients and sediments from the river, accelerate
the breakdown of organic matter and supply water
to disconnected wetlands, billabongs and oxbow
lakes;
Coolibah-black box woodland provides habitat
features important to a range of fauna;
High ecological and hydrological connectivity to the
Ramsar-listed Narran Lakes Nature Reserve; and
Provide foraging habitats and in doing so supports
major bird breeding events in the Narran Lakes
system.

Balcombe et al. (2005)
Balcombe et al. (2006)
Balcombe et al. (2007)
Bunn and Arthington (2002)
Bunn et al. (2006)
Capon (2003)
Lobegeiger (2010)
Marshall et al. (2011)
DERM (2011)
Hunter (2005)
Lake (2003)
McCosker (2007)
MDBA (2012)
NSW Department of Environment, Climate Change and Water (2011)
NSW Scientific Committee (2011)
Roberts and Marston (2011)
Sims (2004)
Sims and Thoms (2002)
Smith et al. (2006)
Thoms (2003)
Webb (2009)
Whittington et al. (2002)
Wilson et al (2009)

Preferably s ummer /aut umn but timi ng not constraine d to refle ct that high flows de pen d on occurren ce of heavy rainfall a nd will be largely unregulate d events

12,000 ML/d

11 days

Provide a flow regi me whi ch:
Ensures the curre nt extent of native riparian vegetation a nd in -channel wetland communities is sustained in a healthy, dyna mic and resilient condition;
Supports the habitat require ment s of waterbir ds;
Supports a range of native aquatic species (e.g. fish, frogs, turtles, i nvertebrates); and

Key ecosyste m functions support fi sh, birds and inverte brates throug h habitat mai ntenance, e nergy transfer and fa cilitating connecti ons thr ough the cha nnel netw ork;
Maintains water quality of waterholes and billabongs that ca n act as refugia during droug ht;
Provides for the e xchange of carbon a nd nutrients esse ntial for the functioning and i ntegrity of floodplai n-river ecosyste ms;
Natural patterns of longitudinal and lateral connectivity is essential to the viability of populations of many aquati c spe cies;
Overbank fl ows supply the fl oodplains with nutrients and sedi ment s from the river, accelerate the breakdown of organi c matter and supply water to disconnected wetlands, billa bong s and oxbow lakes;
Cooliba h-black box woodla nd provi des ha bitat features i mportant to a range of fauna ;
High ecol ogical and hydrol ogical connectivity to the Ramsar-listed Narran Lakes Nature Reserve; and
Provide foraging habitats and in doing so s upports maj or bird bre eding eve nts in the Narran Lakes syste m.

Balcombe et al. (2005)
Balcombe et al. (2006)
Balcombe et al. (2007)
Bunn a nd A rthington ( 2002)
Bunn et al. (2006)
Capon ( 2003)
Lobegeige r (2010)
Marshall et al. (2011)
DERM (2011)
Hunter ( 2005)
Lake ( 2003)
McCosker ( 2007)
MDBA (2012)
NSW De partme nt of Environme nt, Climate Change and Wate r (2011)
NSW Scientific Committee (2011)
Robe rts a nd Marston ( 2011)
Sims ( 2004)
Sims a nd T homs ( 2002)
Smith et al. (2006)
Thoms ( 2003)
Webb (2009)
Whittingt on et al. (2002)
Wil son et al (2009)

18,500 ML/d

9 days

Key ecosyste m functions support fi sh, birds and inverte brates throug h habitat mai ntenance, e nergy transfer and fa cilitating connecti ons thr ough the cha nnel netw ork;
Maintains water quality of waterholes and billabongs that ca n act as refugia during droug ht;
Provides for the e xchange of carbon a nd nutrients esse ntial for the functioning and i ntegrity of floodplai n-river ecosyste ms;
Natural patterns of longitudinal and lateral connectivity is essential to the viability of populations of many aquati c spe cies;
Overbank fl ows supply the fl oodplains with nutrients and sedi ment s from the river, accelerate the breakdown of organi c matter and supply water to disconnected wetlands, billa bong s and oxbow lakes;
Cooliba h-black box woodla nd provi des ha bitat features i mportant to a range of fauna ;
High ecol ogical and hydrol ogical connectivity to the Ramsar-listed Narran Lakes Nature Reserve; and

Balcombe et al. (2005)
Balcombe et al. (2006)
Balcombe et al. (2007)
Bunn a nd A rthington ( 2002)
Bunn et al. (2006)
Capon ( 2003)
Lobegeige r (2010)
Marshall et al. (2011)
DERM (2011)
Hunter ( 2005)

Lower Bal onne Floodplain – Bre nda

Lower Bal onne Floodplain – Bre nda

Supports key ecosyste m functi ons, particularly those relate d to conne ctivity through the channel network.

Preferably s ummer /aut umn but timi ng not constraine d to refle ct that high flows de pen d on occurren ce of heavy rainfall a nd wi ll be largely unregulate d events

Provide a flow regi me whi ch:
Ensures the curre nt extent of native riparian vegetation a nd in -channel wetland communities is sustained in a healthy, dyna mic and resilient condition;
Supports the habitat require ment s of waterbir ds;
Supports a range of native aquatic species (e.g. fish, frogs, turtles, i nvertebrates); and
Supports key ecosyste m functi ons, particularly those relate d to conne ctivity through the channel network.

Provide foraging habitats and in doing so s upports maj or bird bre eding eve nts in the Narran Lakes syste m.

Lake ( 2003)
McCosker ( 2007)
MDBA (2012)
NSW De partme nt of Environme nt, Climate Change and Wate r (2011)
NSW Scientific Committee (2011)
Robe rts a nd Marston ( 2011)
Sims ( 2004)
Sims a nd T homs ( 2002)
Smith et al. (2006)
Thoms ( 2003)
Webb (2009)
Whittingt on et al. (2002)
Wil son et al (2009)

Lower Bal onne Floodplain – Bre nda

Preferably s ummer /aut umn but timi ng not constraine d to refle ct that high flows de pen d on occurren ce of heavy rainfall a nd wi ll be largely unregulate d events

26,500 ML/d

7 days

38,500 ML/d

6 days

Lower Bal onne Floodplain – Bre nda

Provide a flow regi me whi ch:
Ensures the curre nt extent of native riparian vegetation a nd in -channel wetland communities is sustained in a healthy, dyna mic and resilient condition;
Supports the habitat require ment s of waterbir ds;
Supports a range of native aquatic species (e.g. fish, frogs, turtles, i nvertebrates); and
Supports key ecosyste m functi ons, particularly those relate d to conne ctivity through the channel network.

Key ecosyste m functions support fi sh, birds and inverte brates throug h habitat mai ntenance, e nergy transfer and fa cilitating connecti ons thr ough the cha nnel netw ork;
Maintains water quality of waterholes and billabongs that ca n act as refugia during droug ht;
Provides for the e xchange of carbon a nd nutrients esse ntial for the functioning and i ntegrity of floodplai n-river ecosyste ms;
Natural patterns of longitudinal and lateral connectivity is essential to the viability of populations of many aquati c spe cies;
Overbank fl ows supply the fl oodplains with nutrients and sedi ment s from the river, accelerate the breakdown of organi c matter and supply water to disconnected wetlands, billa bong s and oxbow lakes;
Cooliba h-black box woodla nd provi des ha bitat features i mportant to a range of fauna ;
High ecol ogical and hydrol ogical connectivity to the Ramsar-listed Narran Lakes Nature Reserve; and
Provide foraging habitats and in doing so s upports maj or bird bre eding eve nts in the Narran Lakes syste m.

Preferably s ummer /aut umn but timi ng not constraine d to refle ct that high flows de pen d on occurren ce of heavy rainfall a nd will be largely unregulate d events

Provide a flow regi me whi ch:
Ensures the curre nt extent of native riparian vegetation a nd in -channel wetland communities is sustained in a healthy, dyna mic and resilient condition;
Supports the habitat require ment s of waterbir ds;
Supports a range of native aquatic species (e.g. fish, frogs, turtles, i nvertebrates); and
Supports key ecosyste m functi ons, particularly those relate d to conne ctivity through the channel network.

Key ecosyste m functions support fi sh, birds and inverte brates throug h habitat mai ntenance, e nergy transfer and fa cilitating connecti ons thr ough the cha nnel netw ork;
Maintains water quality of waterholes and billabongs that ca n act as refugia during droug ht;
Provides for the e xchange of carbon a nd nutrients esse ntial for the functioning and i ntegrity of floodplai n-river ecosyste ms;
Natural patterns of longitudinal and lateral connectivity is essential to the viability of populations of many aquati c spe cies;
Overbank fl ows supply the fl oodplains with nutrients and sedi ment s from the river, accelerate the breakdown of organi c matter and supply water to disconnected wetlands, billa bong s and oxbow lakes;
Cooliba h-black box woodla nd provi des ha bitat features i mportant to a range of fauna ;
High ecol ogical and hydrol ogical connectivity to the Ramsar-listed Narran Lakes Nature Reserve; and
Provide foraging habitats and in doing so s upports maj or bird bre eding eve nts in the Narran Lakes syste m.

Balcombe et al. (2005)
Balcombe et al. (2006)
Balcombe et al. (2007)
Bunn a nd A rthington ( 2002)
Bunn et al. (2006)
Capon ( 2003)
Lobegeige r (2010)
Marshall et al. (2011)
DERM (2011)
Hunter ( 2005)
Lake ( 2003)
McCosker ( 2007)
MDBA (2012)
NSW De partme nt of Environme nt, Climate Change and Wate r (2011)
NSW Scientific Committee (2011)
Robe rts a nd Marston ( 2011)
Sims ( 2004)
Sims a nd T homs ( 2002)
Smith et al. (2006)
Thoms ( 2003)
Webb (2009)
Whittingt on et al. (2002)
Wil son et al (2009)

Balcombe et al. (2005)
Balcombe et al. (2006)
Balcombe et al. (2007)
Bunn a nd A rthington ( 2002)
Bunn et al. (2006)
Capon ( 2003)
Lobegeige r (2010)
Marshall et al. (2011)
DERM (2011)
Hunter ( 2005)
Lake ( 2003)
McCosker ( 2007)
MDBA (2012)
NSW De partme nt of Environme nt, Climate Change and Wate r (2011)
NSW Scientific Committee (2011)
Robe rts a nd Marston ( 2011)
Sims ( 2004)
Sims a nd T homs ( 2002)
Smith et al. (2006)
Thoms ( 2003)
Webb (2009)
Whittingt on et al. (2002)
Wil son et al (2009)
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Flow Regime
Hydrologic
Indicator
Site
Narran Lakes
– Wilby
Wilby

Flow Rate or
Volume

Duration

Timing

What it does

What is affected

Science used

Inflow Volume
of 25,000 ML

A maximum
of 2 months

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

Provide a flow regime which:
Ensures the current extent of
native vegetation of the riparian,
floodplain and wetland
communities is sustained in a
healthy, dynamic and resilient
condition;
Supports the habitat requirements
of waterbirds and is conducive to
successful breeding of colonial
nesting waterbirds;
Supports recruitment opportunities
for a range of native aquatic
species (e.g. fish, frogs, turtles,
invertebrates);
Supports key ecosystem functions,
particularly those related to
connectivity between the river and
the floodplain.

Ramsar-listed Narran Lake Nature Reserve;
Supports a number of different flood dependent
vegetation types which are important habitats for
a range of biota;
Contains a considerable diversity of habitats,
including some of the largest expanses of lignum
(Muehlenbeckia florulenta) in New South Wales
and is considered vital habitat for ibis breeding;
Contains an extensive network of channels
supporting large numbers of breeding waterbirds;
The lakes are one of the twelve most significant
ibis breeding sites in Australia.
Inundation of breeding and feeding habitats
considered key for a range of fish, amphibian and
water-dependent reptile and invertebrate species;
Key ecosystem functions support fish, birds and
invertebrates through habitat maintenance, energy
transfer and facilitating connections between
rivers and floodplains;
Overbank flows supply the floodplains with
nutrients and sediments from the river, accelerate
the breakdown of organic matter and supply water
to disconnected wetlands, billabongs and oxbow
lakes.

Aldis (1987)
ANU Enterprise (2011)
Cullen, Marchant & Mein (2003)
Department of the Environment, Water, Heritage and the Arts (2001)
Department of the Environment, Water, Heritage and the Arts (2008)
Graham and Harris (2004)(2004)
Humphries et al. (1999)
Mallen-Cooper and Stuart (2003)
King et al. (2008)
Magrath (1991)(1991)
McGann et al. (2001)
MDBA (2011)
MDBA (2012d)
NSW Department of Environment, Climate Change and Water (2011)
NSW National Parks and Wildlife Service (2000)
Rayburg & Thoms (2008)
Rayburg and Thoms (2009)
Roberts & Marston (2011)
Sheldon et al. (2000)
Sims & Thoms (2002)
Sims et al. (1999)
SKM (2007)
Smith (1993)
Thoms et al. (2002)
Thoms et al. (2008)
Webb McKeown and Associates (2007)

Preferably s ummer /aut umn but timi ng not constraine d to refle ct that high flows de pen d on occurren ce of heavy rainfall a nd will be largely unregulate d events

Inflow Volume
of 50,000 ML

A maximum
of 3 months

Provide a flow regi me whi ch:
Ensures the curre nt extent of native vegetation of the riparian, floodplai n and wetland communities i s sustained in a healthy , dynami c and re silient condition;
Supports the habitat require ment s of waterbir ds and i s conducive to success ful bree ding of colonial nesting waterbirds ;
Supports re cruitment opportunities for a range of native aquatic s pecie s (e.g. fish, frogs, turtles, i nvertebrates);

Ramsar -listed Narran Lake Natur e Reserve ;
Supports a number of differe nt flood de pen dent vegetation types whi ch are i mporta nt habitats for a range of biota;
Contains a considera ble diversity of ha bitats, incl uding s ome of the largest expa nses of lignum (Mue hlen beckia fl orulenta ) in New South Wale s and is considere d vital habitat for ibis bree ding;
Contains an exte nsive network of channels supporting large numbers of bree ding waterbirds ;
The lakes are one of the twelve most signi fica nt ibis bree ding sites in Australia.
Inundation of bree ding and fee ding ha bitats considere d key for a range of fis h, amphibia n and water -de pendent reptile and i nvertebrate spe cies;
Key ecosyste m functions support fi sh, birds and inverte brates throug h habitat mai ntenance, e nergy transfer and fa cilitating connecti ons between rivers and floodplains;

Aldis ( 1987)
ANU E nterprise ( 2011)
Culle n, Marchant & Mein ( 2003)
Depa rtment of the Environme nt, Wate r, Heritage and the A rts ( 200 1)
Depa rtment of the Environme nt, Wate r, Heritage and the A rts ( 2008)
Graham a nd Harris (2004) (2004)
Humphrie s et al. (1999)
Mallen-Coope r and Stua rt (2003)
King et al. ( 2008)
Magrath ( 1991)(1991)
McGann et al. (2001)
MDBA (2011)
MDBA (2012d)
NSW De partme nt of Environme nt, Climate Change and Wate r (2011)
NSW Nationa l Parks and Wil dlife Serv ice (2000)
Rayburg & Thoms ( 2008)
Rayburg a nd T hom s (2009)

Inflow Volume
of 250,000 ML

A maximum
of 6 months

Inflow Volume
of 100,000 ML

A maximum
N/A
of 12 Months

Narran Lakes – Wil by Wilby

Narran Lakes – Wil by Wilby

Supports key ecosyste m functi ons, particularly those relate d to conne ctivity between the river and the floodplain.

Overbank fl ows supply the fl oodplains with nutrients and sedi ment s from the river, accelerate the breakdown of organi c matter and supply water to disconnected wetlands, billa bong s and oxbow lakes.

Robe rts & Marst on ( 2011)
Shel don et al. (2000)
Sims & Thom s (2002)
Sims et al. (1999)
SKM (2007)
Smith (1993)
Thoms et al. ( 2002)
Thoms et al. ( 2008)
Webb McKeown a nd A ssociates ( 2007)

Preferably s ummer /aut umn but timi ng not constraine d to refle ct that high flows de pen d on occurren ce of heavy rainfall a nd wi ll be largely unregulate d events

Provide a flow regi me whi ch:
Ensures the curre nt extent of native vegetation of the riparian, floodplai n and wetland communities i s sustained in a healthy, dynami c and re silient condition;
Supports the habitat require ment s of waterbir ds and i s conducive to success ful bree ding of colonial nesting waterbirds ;
Supports re cruitment opportunities for a range of native aquatic s pecie s (e.g. fish, frogs, turtles, i nvertebrates);
Supports key ecosyste m functi ons, particularly those relate d to conne ctivity between the river and the floodplain.

Overbank fl ows supply the fl oodplains with nutrients and sedi ment s from the river, accelerate the breakdown of organi c matter and supply water to disconnected wetlands, billa bong s and oxbow lakes.

Narran Lakes – Wil by Wilby

Provide a flow regi me whi ch:
Ensures the curre nt extent of native vegetation of the riparian, floodplai n and wetland communities i s sustained in a healthy, dynami c and re silient condition;
Supports the habitat require ment s of waterbir ds and i s conducive to success ful bree ding of colonial nesting waterbirds ;
Supports re cruitment opportunities for a range of native aquatic s pecie s (e.g. fish, frogs, turtles, i nvertebrates);
Supports key ecosyste m functi ons, particularly those relate d to conne ctivity between the river and the floodplain.

Supports key ecosyste m functi ons, particularly those relate d to conne ctivity between the river and the floodplain.

A maximum
of 3 months

Minimum of 2 events
in a year preferably
one summer/autumn

Ramsar -listed Narran Lake Natur e Reserve ;
Supports a number of differe nt flood de pen dent vegetation types whi ch are i mporta nt habitats for a range of biota;
Contains a considera ble diversity of ha bitats, incl uding s ome of the largest expa nses of lignum (Mue hlen beckia fl orulenta ) in New South Wale s and is considere d vital habitat for ibis bree ding;
Contains an exte nsive network of channels supporting large numbers of bree ding waterbirds ;
The lakes are one of the twelve most signi fica nt ibis bree ding sites in Australia.
Inundation of bree ding and fee ding ha bitats considere d key for a range of fis h, amphibia n and water -de pendent reptile and i nvertebrate spe cies;
Key ecosyste m functions support fi sh, birds and inverte brates throug h habitat mai ntenance, e nergy transfer and fa cilitating connecti ons between rivers and floodplains;
Overbank fl ows supply the fl oodplains with nutrients and sedi ment s from the river, accelerate the breakdown of organi c matter and supply water to disconnected wetlands, billa bong s and oxbow lakes.

Provide a flow regi me whi ch:
Ensures the curre nt extent of native vegetation of the riparian, floodplai n and wetland communities i s sustained in a healthy, dynami c and re silient condition;
Supports the habitat require ment s of waterbir ds and i s conducive to success ful bree ding of colonial nesting waterbirds ;
Supports re cruitment opportunities for a range of native aquatic s pecie s (e.g. fish, frogs, turtles, i nvertebrates);

Narran Lakes – Wil by Wilby

Inflow Volume
of 50,000 ML

Ramsar -listed Narran Lake Natur e Reserve ;
Supports a number of differe nt flood de pen dent vegetation types whi ch are i mporta nt habitats for a range of biota;
Contains a considera ble diversity of ha bitats, incl uding s ome of the largest expa nses of lignum (Mue hlen beckia fl orulenta ) in New South Wale s and is considere d vital habitat for ibis bree ding;
Contains an exte nsive network of channels supporting large numbers of bree ding waterbirds ;
The lakes are one of the twelve most signi fica nt ibis bree ding sites in Australia.
Inundation of bree ding and fee ding ha bitats considere d key for a range of fis h, amphibia n and water -de pendent reptile and i nvertebrate spe cies;
Key ecosyste m functions support fi sh, birds and inverte brates throug h habitat mai ntenance, e nergy transfer and fa cilitating connecti ons between rivers and floodplains;

Ramsar -listed Narran Lake Natur e Reserve ;
Supports a number of differe nt flood de pen dent vegetation types whi ch are i mporta nt habitats for a range of biota;
Contains a considera ble diversity of ha bitats, incl uding s ome of the largest expa nses of lignum (Mue hlen beckia fl orulenta ) in New South Wale s and is considere d vital habitat for ibis bree ding;
Contains an exte nsive network of channels supporting large numbers of bree ding waterbirds ;
The lakes are one of the twelve most signi fica nt ibis bree ding sites in Australia.
Inundation of bree ding and fee ding ha bitats considere d key for a range of fis h, amphibia n and water -de pendent reptile and i nvertebrate spe cies;
Key ecosyste m functions support fi sh, birds and inverte brates throug h habitat mai ntenance, e nergy transfer and fa cilitating connecti ons between rivers and floodplains;
Overbank fl ows supply the fl oodplains with nutrients and sedi ment s from the river, accelerate the breakdown of organi c matter and supply water to disconnected wetlands, billa bong s and oxbow lakes.

Aldis ( 1987)
ANU E nterprise ( 2011)
Culle n, Marchant & Mein ( 2003)
Depa rtment of the Environme nt, Wate r, Heritage and the A rts ( 2001)
Depa rtment of the Environme nt, Wate r, Heritage and the A rts ( 2008)
Graham a nd Harris (2004) (2004)
Humphrie s et al. (1999)
Mallen-Coope r and Stua rt (2003)
King et al. ( 2008)
Magrath ( 1991)(1991)
McGann et al. (2001)
MDBA (2011)
MDBA (2012d)
NSW De partme nt of Environme nt, Climate Change and Wate r (2011)
NSW Nationa l Parks and Wil dlife Serv ice (2000)
Rayburg & Thoms ( 2008)
Rayburg a nd T hom s (2009)
Robe rts & Marst on ( 2011)
Shel don et al. (2000)
Sims & Thom s (2002)
Sims et al. (1999)
SKM (2007)
Smith (1993)
Thoms et al. ( 2002)
Thoms et al. ( 2008)
Webb McKeown a nd A ssociates ( 2007)

Aldis ( 1987)
ANU E nterprise ( 2011)
Culle n, Marchant & Mein ( 2003)
Depa rtment of the Environme nt, Wate r, Heritage and the A rts ( 2001)
Depa rtment of the Environme nt, Wate r, Heritage and the A rts ( 2008)
Graham a nd Harris (2004) (2004)
Humphrie s et al. (1999)
Mallen-Coope r and Stua rt (2003)
King et al. ( 2008)
Magrath ( 1991)(1991)
McGann et al. (2001)
MDBA (2011)
MDBA (2012d)
NSW De partme nt of Environme nt, Climate Change and Wate r (2011)
NSW Nationa l Parks and Wil dlife Serv ice (2000)
Rayburg & Thoms ( 2008)
Rayburg a nd T hom s (2009)
Robe rts & Marst on ( 2011)
Shel don et al. (2000)
Sims & Thom s (2002)
Sims et al. (1999)
SKM (2007)
Smith (1993)
Thoms et al. ( 2002)
Thoms et al. ( 2008)
Webb McKeown a nd A ssociates ( 2007)

Aldis ( 1987)
ANU E nterprise ( 2011)
Culle n, Marchant & Mein ( 2003)
Depa rtment of the Environme nt, Wate r, Heritage and the A rts ( 2001)
Depa rtment of the Environme nt, Wate r, Heritage and the A rts ( 2008)
Graham a nd Harris (2004) (2004)
Humphrie s et al. (1999)
Mallen-Coope r and Stua rt (2003)
King et al. ( 2008)
Magrath ( 1991)(1991)
McGann et al. (2001)
MDBA (2011)
MDBA (2012d)
NSW De partme nt of Environme nt, Climate Change and Wate r (2011)
NSW Nationa l Parks and Wil dlife Serv ice (2000)
Rayburg & Thoms ( 2008)
Rayburg a nd T hom s (2009)
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28

In the context of the flow indicators set at each of the hydrologic indicator sites for the BarwonDarling, Lower-Balonne floodplain and the Narran Lakes, we identified three spatial hydrological
components important for key ecological components to respond to flow events. These hydrological
components operate across the freshes, bankfull and overbank flow bands identified by the (Table 5)
and include:
1. Persistence of permanent water bodies between periods of flow (Figure 7);
2. Connection of permanent parts of the channel during flow pulses of varying magnitudes and
duration (Figure 8); and
3. The spatial extent of inundation of flood pulse events of different magnitudes (Figure 9) offering
increased opportunities for recruitment.
For the Barwon-Darling hydrological indicator site the volumes of water being discussed as part of
the ESLT process will have the greatest impacts in the low to moderate flow bands. This will increase
the frequency, duration and potentially the magnitude of flow pulses within the channel network,
and increase the duration and possibly extent of wetlands inundated under moderate flows. For the
Condamine-Balonne indicator environmental asset site the ESLT process may deliver increased flows
in the overbank flow band through the purchasing of licences for floodplain flow harvesting. Here,
we outline the importance of understanding these three spatial hydrological components for each of
the assets.

4.1.1 Persistence of refugia
The permanent parts of the channel network that persist during periods of low flow, and importantly
during extensive dry periods, are the aquatic refugia in which populations of organisms can remain
ready to recolonise the channel network when connection returns (Figure 7). The persistence of
aquatic refugia within the channel network is particularly important for obligate in-stream aquatic
communities, both faunal and floral (Sheldon et al. 2010) and non-migratory waterbirds. Within the
context of the three indicator environmental assets relevant to this report, the Barwon-Darling River
itself acts as large scale permanent aquatic refugia, assisted by weirs within the channel. In contrast,
permanent refugia on the Lower Balonne floodplain are restricted to the channels of the distributary
creeks, and there are few under conditions of extensive drying. Of these, the majority have been
identified on the Culgoa River, the more extensive permanent parts of this system occur further
upstream in the Balonne River itself. The flow indicator for the Lower Balonne floodplain relies on
understanding the flows required to maintain these permanent refugia, however, there has been no
‘ground-truthing’ of this hydrological modelling that suggests “flows of 1,200 ML/day for 7 days at
Brenda should occur at a maximum interval of 22 months (1.8 years) to ensure that a number of
deeper waterholes will be maintained as drought refuges”. There are good datasets showing the
distribution of wetlands and floodplain lakes across the Lower Balonne floodplain but limited
information on the permanence of in-channel waterholes. The flow indicators suggested for the
Barwon-Darling and the Narran Lakes system do not deal specifically with refugial permanence, but
rather the following spatial hydrological components.
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Figure 7: Conceptual model of the role of permanent sections of the channel. In this region the
permanent sections are highlighted as the Barwon-Darling River itself and the Balonne River
upstream of the floodplain, connectivity of these two points under low to moderate flows will be
mediated through the distributary channels of the floodplain. Thus an understanding of the
persistence and dynamics of any permanent portions of the channels across the floodplain is
important.

4.1.2 Connectivity
Connectivity of permanent parts of aquatic systems is important for the dispersal and recruitment of
obligate aquatic organisms (Sheldon et al. 2010). The frequency, duration and extent of spatial
connection within river systems will reflect the magnitude of any one flow pulse, but also the
antecedent conditions for that flow pulse, with pulses of similar magnitude connecting different
portions of the network based on their sequencing (Leigh et al. 2010). The role of landscape levels
of connectivity within the northern Basin are poorly understood, as is the role of the main channel of
the Barwon-Darling itself as a significant permanent refugia within the northern basin. Within the
context of the three indicator environmental assets relevant to this report, the Barwon-Darling River
itself, may be acting as a significant large permanent aquatic refugia making any connections
between the Barwon-Darling River and the Balonne River upstream of the floodplain (St George)
significant hydrological events in terms of connectivity and dispersal for aquatic taxa (Figure 8). The
flow indicator for the Lower Balonne floodplain that deals with the permanence of aquatic refugia
within the floodplain is also linked to understanding the frequency, duration and spatial extent of
the connection between these refugia. Likewise, the flow indicators suggested for the BarwonDarling River relate to connection between parts of the channel and connection between the
channel and floodplain waterbodies. The site specific ecological targets within the Barwon-Darling
with flow indicators that relate to connectivity along the channel and with the floodplain, however,
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relate to maintaining communities in a “healthy, dynamic and resilient condition” and “supporting
recruitment opportunities for a range of native aquatic species”. However, much of the information
relating to flows required for recruitment and ecosystem health come from the southern MurrayDarling Basin or other dryland rivers, there is limited specific information for the Barwon-Darling and
Lower Balonne floodplain.

Figure 8: Conceptual model of the role of connectivity between permanent sections of the
channel. In this region the permanent sections are highlighted as the Barwon-Darling River itself
and the Balonne River upstream of the floodplain, connectivity of these two points under low to
moderate flows will be mediated through connectivity along the distributary channels of the
floodplain.

4.1.3 Inundation
Periodic inundation of floodplains is widely recognised as a key component of the productivity of
large river systems, providing vast increases in available aquatic habitat and substantial spatial
opportunities for recruitment and growth of obligate aquatic organisms. In many large river systems
the aquatic fauna have life cycles that allow extensive use of inundated floodplains when they occur.
Within the context of the three indicator environmental assets relevant to this report, inundation of
the floodplain and associated terminal wetlands are significant hydrological events for all three
areas. The flow indicators that deal with inundation are at the high end of the hydrograph and
include both flow volume requirements but also temporal sequencing and frequency (Figure 9). For
the Narran Lakes the flow indicators cover a range of in-flow volumes and also temporal sequencing,
which are targeted to provide recruitment opportunities for a range of vegetation communities and
waterbirds. The flow indicators for the Barwon-Darling focus on connectivity between the channel
and significant anabranch and wetland habitat rather than large scale floodplain inundation. This is
31

realistic as inundation of the floodplain of the Barwon-Darling below the Lower Balonne is unlikely to
be influenced by the volumes of water being considered as part of the specific ESLT process. While
the information on floodplain and terminal wetland response in the northern Basin is more
advanced than the knowledge on in-channel processes, mainly due to the work on the Menindee
Lakes system (Jenkins and Boulton 2003) and the Narran Lakes system (Thoms et al. 2008), there is
still limited understanding of inundated floodplain use by a wide range of taxa.

Figure 9: Conceptual model of the role of inundation of floodplains and terminal wetlands.
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4.2 Knowledge needs
5a. What knowledge needs are desirable to determine required flows?
 Baseline ecological data: i.e. For each indicator site what ecological components are present? How
are they distributed? And how do they vary in character and condition in space and time?;
 Ecohydrological relationships: i.e. How are the ecological components likely to respond to flow?;
 Flow attributes: i.e. Which particular flow attributes or components relate to the water requirements
of the different ecological components for each indicator site; and
 Significant covariates; i.e. What other factors influence the ecological components responses to flow.
Based on current ecological understanding, a suite of desirable knowledge needs to determine the
water requirements of the three focus indicator environmental asset sites and their key components
can be identified (Table 6). These can be broadly categorised as:
1. Baseline ecological data - needed to identify the character, components and processes as well as
the condition of the three focus indicator environmental assets;
2. Ecohydrological relationships – in order to determine environmental water requirements for the
focus indicator environmental assets, a knowledge of the flow-ecology relationships of the biota,
processes and physical habitat of each asset is required;
3. Flow attributes – in order to adequately determine the flows required to meet objectives and
targets set for each of the focus indicator environmental assets, knowledge of the flow attributes
(cease to flow, overbank flow, etc.) is required; and
4. Significant covariates – Knowledge of how the covariates may influence the response of
ecosystem components will be critical in understanding spatial and temporal differences in
ecological responses to similar flow conditions. For instance, there may be differential fish
spawning response to a flow pulse based on local habitat conditions or the condition of floodplain
trees may differ between locations that receive similar flooding due to the presence of absence of
groundwater.
Baseline ecological data is needed to identify the character and condition of the indicator sites
selected within the northern Basin. To determine how the ecological components within the
indicator sites are likely to respond to flow, knowledge of their ecohydrology is then required (i.e.
ecohydrological relationships). This information then enables the identification of particular flow
attributes of which knowledge is desirable for determining the water requirements of the ecological
components. Finally, knowledge of significant covariates, i.e. other factors influencing the response
of the ecological components within the indicator sites, is needed. The success of the ESLT process
will need to be measured by the scale of the ecosystem component response, this will be complex
and mediated by other factors (covariates). Knowledge of how the covariates may influence the
response of ecosystem components will be critical in understanding spatial and temporal differences
in ecological responses to similar flow conditions. For instance, antecedent rainfall may have a
strong influence on wetland vegetation response to wetting. Similarly, the condition of floodplain
trees may differ between locations that receive similar flooding due to groundwater.
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Table 6: Knowledge needs to support development of robust flow requirements at indicator sites (see Appendix 2 for complete literature review).
Category

Hydrology and physical habitat

Riparian and floodplain vegetation

Aquatic communities

Waterbirds

Baseline data

Comparison of historical, current and future
(post ESLT process) distribution of
permanent in-channel refugia on the lower
Balonne floodplain and their role in the
broader regional area in terms of species
dispersal and population maintenance.

Spatial distribution of plant
species, vegetation communities
and vegscapes.

Spatial distribution of aquatic
species e.g. fish, mussels,
water rats, turtles.

Location of waterbird
habitats

Baseline data

A spatial understanding of the relationships
between flow volume and extent of spatial
connection, both in-channel and between
the channel and the adjacent floodplain, but
more importantly between the BarwonDarling and the Balonne River via the
channel networks of the Lower Balonne
floodplain. This understanding should
compare:

Spatial variation in character and
condition of species and vegetation
communities, including population
structure and propagule banks

Characteristics of aquatic
species, such as body
condition of individuals or
population structure.

Spatial and temporal
variation in composition
of waterbird
assemblages

Historic (i.e. temporal) variation in
character and condition of species,
vegetation communities and
vegscapes

N/A

Temporal variation in
waterbird habitat use
(i.e. breeding events)




Baseline data

Historical patterns of connection – using
modelled data
Current patterns of connection
Scenario testing of connection after
potential water recovery.

A detailed spatial understanding of
inundation patterns related to specific flow
events on the Lower Balonne floodplain.
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Category

Hydrology and physical habitat

Riparian and floodplain vegetation

Aquatic communities

Waterbirds

Baseline data

A detailed understanding of the extent of
wetland and anabranch inundation under
specific flow events along the BarwonDarling system

N/A

N/A

N/A

Ecohydrological
relationships

Role of the hydrologically permanent refugia
on the Lower Balonne floodplain as
ecological refugia – sustaining populations
that would otherwise disappear regionally.

Species level responses to flow:

Species level responses to
flow:

Species level responses
to flow:







Role of the Barwon-Darling River as a refuge
for obligate aquatic communities for
dispersal up into the Balonne (and other
tributary) systems during times of
connection.









tolerance of low and no flow
conditions (e.g. critical interflood period, frequency of
drying) of species, including
different cohorts;
effects of drying on
reproductive capacity,
especially in key tree and
shrub that lack persistent seed
banks;
tolerance of inundation of
different cohorts (e.g. adults
vs. seedlings);
growth responses (i.e. rate and
degree of response) to wetting
of different cohorts;
reproductive responses to
wetting including flowering,
propagule dispersal,
germination and establishment







tolerance of low and no
flow conditions (e.g.
critical inter-flood period,
frequency of drying) of
species, including
different cohorts;
effects of drying on
reproductive capacity;
tolerance of inundation of
different cohorts ;
growth responses (i.e.
rate and degree of
response) to wetting of
different cohorts;
reproductive responses to
wetting





foraging
growth and survival
preparation for
breeding
egg laying
incubation
fledging
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Category

Hydrology and physical habitat

Riparian and floodplain vegetation

Aquatic communities

Waterbirds

Ecohydrological
relationships

The spatial extent of dispersal of obligate
aquatic fauna resulting from connectivity
between permanent parts of the channel,
channels and floodplain wetlands and
broadly between the Barwon-Darling and
the Balonne River through the channels of
the Lower Balonne floodplain including:

Vegetation community level
responses to flow:

Assemblage level responses to
flow:

Waterbird assemblage
level responses to flow:







The use of flows of specific magnitudes for
recruitment of aquatic communities.
Ecohydrological
relationships

With regard to inundation of anabranch
systems and wetlands along the BarwonDarling, the Lower Balonne floodplain and
the Narran Lakes system knowledge needs
include:



The use of inundated habitat for
breeding and recruitment of obligate
aquatic communities.
The inundation requirements of riparian
and floodplain vegetation communities.

relationships between flood
history and vegetation
community character and
condition (including propagule
banks) and spatial variation of
these.

Vegscape responses to flow:




historic variation in character
and condition of vegscapes in
relation to flow conditions and
significant covariates; and
effects of wetting and drying
on plant-plant interactions
(e.g. competition).

relationships between
flood history and
assemblage structure of
fish and other aquatic
fauna (including different
age structure of individual
species within
assemblages).

Landscape level responses to
flow:




how does variation in
assemblage structure
across multiple rivers (or
basins) change in relation
to wider scale (e.g
multiple rivers)
antecedent flow
conditions through
alterations in biological
connectivity?
Influence of broader scale
processes such as
immigration, emigration
and recruitment across
multiple rivers.

relationships
between flow and
assemblage
composition,
structure and
function (i.e.
breeding)

Effects of flow on
waterbird movement
between habitats
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Category

Hydrology and physical habitat

Riparian and floodplain vegetation

Aquatic communities

Waterbirds

Flow attributes









time since last flow/ flood
antecedent conditions
prior to drying (e.g.
magnitude and duration
of last event)
flow magnitude
rate of rise
flow timing
flow duration
time since last flow
flow/flood frequency




Water quality
Groundwater availability
Interaction of flow and
weather
Avian predation
Feral animals / exotic
species












Significant
covariates

antecedent conditions (e.g. recent flow
history)
flow magnitude
inundation extent
inundation depth
rate of rise and fall
flow timing
flow duration
flow/flood frequency
Spatial extent of in-channel connectivity
and overbank inundation for specific
flow events

Land-use (and changes in land-use)
















time since last flow/ flood
seasonal timing of no/low flow
period
antecedent conditions prior to
drying (e.g. recent flood
history)
flow magnitude
inundation extent
inundation depth
rate of rise
flow timing
flow duration;
time since last flow
flow/flood frequency
Soil characteristics
Groundwater availability
Interaction of flow and
weather
Interaction of flow and grazing
Vegetation fragmentation























Inflow volume
Changes in flood
depth
flow magnitude
flood duration
antecedent
conditions prior to
drying (e.g. time
since last flood)
flood timing

Vegetation
structure and
condition
Weather and largescale climate
oscillations
Landscape structure
(i.e. of habitat
patches)
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4.3 Knowledge used to develop flow indicators
Here, we review the science used by the MDBA to determine water requirements for the key
ecological components for each indicator environmental asset. This review is structured with respect
to the categories of desirable knowledge needs identified in Section 4.2, i.e. baseline ecological data,
ecohydrological relationships, flow attributes and significant covariates.
5b. How relevant was the knowledge used in determining flow requirements?
In general, the knowledge used in determining flow requirements was based on the best available
information at the time that the Basin Plan was made. However, the following points can be made:
 Much of the best available information related to the responses of biota to flow, is based on studies
conducted in the southern Basin and their relevance to the northern Basin is assumed or unknown.
 Knowledge of flow relationships used by the MDBA in determining flow requirements at the relevant
hydrologic indicator sites has only been applied to vegetation and waterbirds.
 The spatial and temporal complexity (e.g. seasonal timing) of flows across the northern Basin has
been considered with guidelines provided on the ideal frequency of events in different seasons,
however, seasonality is largely assumed to be accounted for by the unconstrained nature of flow
events in the unregulated systems of the northern Basin review regions
 There is limited knowledge concerning the relationships of things such as weather, groundwater and
land-use with flow and their effects on ecological responses to flow. This lack of information has
limited the ability of the MDBA to consider the role of other factors in influencing flow requirements.

4.3.1 Baseline ecological data
The baseline ecological data used by the MDBA to determine water requirements for the key
ecological components for each environmental asset site is summarised in Table 8.
Hydrology and physical habitat
The role of available physical habitat is well captured by the developed flow indicators. The flow
indicators for the Lower Balonne floodplain relate to the persistence of permanent aquatic refugia
within the distributary channel network of the floodplain area and inundation of floodplain habitats.
Flow indicators for the Barwon-Darling relate to the connectivity of habitat within the channel
network, but also between the main channel of the Barwon-Darling and the associated major
anabranch and wetland systems. The flow indicators for the Narran Lakes system capture the range
of flows required to maintain the complexity of habitats within the Narran Lakes system.
The flow indicators have not, however, been designed around the physical maintenance of this
habitat, e.g. do the flow indicators allow for the maintenance of permanent refugia through scouring
of collected sediment? While broad scale geomorphological processes within the northern Basin are
relatively well understood (Thoms et al. 2004b, SKM 2009), knowledge of such small-scale processes
and their impact on physical habitat are not available.
Floodplain and riparian vegetation
The MDBA used the best information available at the time on floodplain vegetation communities. In
general, however, this baseline ecological data does not provide spatial information at a sufficient
resolution to determine the distribution and extent of key plant species and vegetation communities
and is not consistent across the indicator environmental assets (see Table 7). Furthermore, few of
the datasets used are based on robust vegetation survey techniques, with the exception of several
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pertaining to the Narran Lakes, and many are based on relatively informal and incidental
observations. Where spatial information is available, the resolution and classification of vegetation
map units are not sufficient to determine the extent and distribution of many high value asset plant
species and vegetation communities. The knowledge used mainly concerns the broad distribution of
dominant asset plant species (e.g. river red gum, coolibah etc.) and mostly ignores population
structure, vegetation structure or condition and vegscape structure.
Aquatic communities
The knowledge used to develop flow indicators for aquatic biota are largely based on studies from
the southern Basin or inferred from ecological concepts derived from general ecological studies of
floodplain rivers. However, it must be noted that there have been few quantitative studies
undertaken in the northern Basin for the watering needs of aquatic biota. Most of those that are
relevant either directly (within a focus regions) or indirectly (in a nearby location (e.g. Warrego
River) was cited within the EWR reports, however, again much of this information tends to be broad,
with little species specific information making it difficult to use to generate specific ecological targets
for each environmental asset.
Waterbirds
The general approach taken by the MDBA in the ESLT process to date (see MDBA 2012 b-d) has been
to: i) identify particular wetland and floodplain locations known, or predicted, to support large
numbers of waterbirds (i.e. >20 000) and breeding of colonially nesting waterbirds especially, and ii)
to identify flows, primarily volumes and durations, needed to fill these wetlands or inundate areas of
floodplain assumed to be important as foraging habitat. Recent reviews of Australian waterbird
ecology conclude that current knowledge of significant waterbird sites is relatively robust (e.g.
Brandis et al. 2009, Kingsford et al. 2012). Data sources used by the MDBA to identify significant
waterbird habitats are given in Table 7.
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Table 7: Summary of baseline ecological data used by the MDBA to develop flow indicators for the indicator environmental asset sites. Physical habitat is not included here as there were no specific flow indicators developed for
the maintenance of physical habitat per se, where physical habitat was included it was done so in the context of either vegetation communities on the floodplain, or connectivity of refugia for aquatic communities.
Ecological
component

Barwon-Darling

Lower Balonne floodplain

Narran Lakes

Riparian and
floodplain
vegetation



Geomorphic zones (i.e. anabranch, billabong and
basin) and their associated vegetation communities
for the Barwon-Darling mapped by SKM (2009);







Description from DEWHA (2010) of large areas of
black box, river red gum, lignum and other flooddependent vegetation in Talyawalka – Teryaweynya
Creek system; and

Qualitative relationships between flows and the assumed extent of asset
vegetation communities inundated in relation to their distribution in the
site’s major wetland features (i.e. the northern lakes and surrounding
floodplain and the Narran Lake and surrounding floodplain) drawing on
analyses of 11 Landsat images captured between 1990 and 2002
conducted by Sims and Thoms (2002)



range of vegetation surveys conducted during the Narran Lakes
Ecosystem Project (Thoms et al. 2008)



Casual observations made by Jenkins and Boulton
(2003) describing black box occurrence along creeks
and around lakes, river red gum in more frequently
flooded areas.



Sims (2004) PhD thesis which includes vegetation maps generated
from 13 satellite images captured between September 1989 and April
1999 and supported by ground-truthing at 104 sites and air photos
used to validate another 48 locations. Maps delineate 10 broad landcover types including riparian forests adjacent to river channels,
lignum and coolibah open woodland in infrequently inundated areas
and open grassland dominating rarely flooded fringes of floodplains.
Map units include information about dominant species, tree cover,
shrub cover and grass cover and soil character



information generated by the development of a vegetation
ecosystem response model for the Narran Lakes (ANU Enterprise
2011) in which new statistical relationships were derived from
datasets obtained during the Narran Lakes Ecosystem Project; and



descriptive information presented in the Narran Lakes Nature
Reserve Management Plan which draws on McGann et al. (2001)

Sims and Thoms (2002) assessment of vegetation greenness (i.e. NDVI)
using the same 13 Landsat TM images but without any groundtruthing.

N.B. The vegetation surveys conducted as part of the Narran Lakes
Ecosystem Project provide information on the composition, structure and
condition (including some population structure data) for mature tree
patches, lignum shrubland and understorey vegetation across the wetland
system. Whilst these surveys do consider spatial (and temporal) variation,
they were not used to generate vegetation maps for the indicator site.
Aquatic
communities

There is no site-specific baseline ecological data used by
the MDBA for aquatic communities or individual aquatic
species to enable the setting of site-specific ecological
targets (apart from Boys 2007). The expected responses
of aquatic fauna to various flow regimes has been largely
inferred from southern based fish studies (e.g. King et al.
2008, Beesley et al. 2009), with similar expectations for
all fish species and other aquatic fauna.

There is no site-specific baseline ecological data used by the MDBA for
aquatic communities or individual aquatic species to enable the setting of
site-specific ecological targets. Two studies on fish response to flow in
lowland floodplain rivers in northern Basin were used to infer expected
ecological outcomes of all aquatic fauna (Balcombe et al. 2006, Wilson et
al. 2009).

There is no site-specific baseline ecological data used by the MDBA for
aquatic communities or individual aquatic species to enable the setting of
site-specific ecological targets. The expected responses of aquatic fauna to
various flow regimes has been largely assumed to be met by providing for
ecological outcomes for vegetation and birds.

Waterbirds

Data from aerial surveys discussed by Kingsford et al.
(1997) identifying Poopelloe Lake, Talyawalka Creek and
Pelican Lake within the Teryaweynya system, as well as
the Darling River floodplain near Louth, as sites that are
known or predicted to support 20 000 or more
waterbirds.

No baseline ecological data concerning waterbirds was used by the MDBA
in the development of site-specific flow indicators for the Lower Balonne
as it was recognised that major breeding events of colonially nesting
waterbirds in the region occur in the Narran Lakes. Water requirements for
waterbirds on the Lower Balonne floodplain beyond Narran Lakes, i.e. to
support foraging opportunities, were assumed to be met by the ecological
targets concerning native riparian, floodplain and wetland vegetation
communities.

Drawn from analyses presented by the Narran Lakes Ecosystem Project
(Thoms et al. 2008) and subsequent related studies (e.g. Rayburg and Thoms
2008, ANU Enterprise 2011). Data used predominantly concern the timing
and size (i.e. number of nests) of the 16 waterbird breeding events recorded
in the Narran Lakes ecosystem between 1965 and 2004.
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4.3.2 Ecohydrological relationships
The knowledge on ecohydrological relationships used by the MDBA to determine water
requirements for the key ecological components for each environmental asset site is summarised in
Table 8.
Hydrology and physical habitat
While there is good data on original physical landscape structure (see Thoms et al. 2004a) and good
knowledge of current landscape structure including existing river channels, anabranches and
billabongs (SKM 2009) there is poor understanding of the links between flow and physical form in
this system, and more specifically the impacts of changes in flow on physical form. For example:






there is limited information on possible changes in in-channel and floodplain siltation as a result of
hydrological changes;
the role of different flow magnitudes in erosion and deposition processes is poorly understood;
the flow magnitudes, and role of antecedent conditions, required to connect a range of habitats
both longitudinally within channels but also laterally onto the floodplains and distributary
networks is poorly understood for the Lower-Balonne asset area and the Barwon-Darling asset
area, while flows for inundation of Narran Lakes are comparatively well understood; and
the comparative role of land-use change (floodplain clearing, grazing and irrigated agriculture)
compared with hydrological change due to water resource development (e.g. increased rates of
flood recession) is poorly understood.

Riparian and floodplain vegetation
Knowledge of flow relationships used to date is mostly drawn from the recent review by Roberts and
Marston (2011) comprises a synthesis of the best available knowledge. The knowledge synthesised
by Roberts and Marston (2011) is impressive in terms of its scope with respect to the flow
relationships considered. Knowledge is lacking, however, for some key asset species, particularly
coolibah, and vegetation communities. Knowledge of the differences in water requirements and
responses of different cohorts (e.g. adults vs. seedlings) of key species is also mostly lacking or based
on very limited observations.
The relevance of and confidence in the knowledge provided in Roberts and Marston (2011) with
respect to the northern Basin in particular is uncertain. Most of the knowledge presented in Roberts
and Marston (2011) originates from the southern Basin and from quite isolated locations and limited
time periods within that region. Growth and reproductive responses of asset plant species in the
northern Basin may differ from those observed in the south for a number of reasons. Local
covariates (e.g. different soil types or groundwater availability), for instance, may alter the responses
of plants and vegetation from those expected based on southern observations. Additionally,
differences in local plant populations (i.e. genetic variation) may also lead to differing environmental
tolerances and responses to flow. Elsewhere, considerable variation in responses to environmental
variation has been found between populations of common riparian plant species (e.g. Grady et al.
2011). The requirements for flows of particular timing, depth or duration amongst asset plant
species in the northern Basin may therefore differ from those in the southern Basin. At the level of
vegetation communities and vegscapes, such tolerances may also differ as a result of different
species mixtures or vegetation structures present in the northern Basin.
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Additionally, much of the knowledge concerning flood frequency and critical intervals associated
with particular vegetation communities identified in Roberts and Marston (2011) relies on single
observations (e.g. how long a particular community survive one drought) or relationships based on
vegetation community presence/extent at a single point in time and the historic flood frequencies of
these locations. Consequently, these relationships are unlikely to be statistically robust based as
they are on very small sample sizes. While the MDBA ensured flow indicators for riparian and
floodplain vegetation were relevant to the local hydrology of the environmental indicator sites,
rather than being based solely on values provided in Roberts and Marston (2011), the transferability
of knowledge of flow requirements between the southern and northern Basin remains a major
knowledge gap.
Aquatic communities
The knowledge used by the MDBA to develop flow indicators for aquatic biota were largely based on
studies from the southern Basin (e.g. King et al. 2008, Beesley et al. 2009) or inferred from ecological
concepts derived from general ecological studies of floodplain rivers (e.g. Poff et al. 2010). Most of
the available literature that is relevant either directly (within a focus location) or indirectly (in a
nearby location (e.g. Warrego River) have been cited within the EWR reports however, much of this
information tends to be broad, with little species specific information making it difficult to use to
generate specific ecological targets for each environmental asset. Furthermore, there is a significant
doubt about the relevance of transferring ecological responses of fauna among rivers geographically
located close by (Balcombe et al. 2007, Balcombe and Sternberg 2012), and hence, a greater doubt if
comparing ecological response in systems that are significantly separated geographically.
Knowledge of flow relationships used by the MDBA in the northern Basin to date has only been
applied to vegetation and bird assets. Similar ecological response has been assumed for aquatic
fauna and these relationships need to be derived for individual species either warranted due to
special protection (e.g. threatened species) or as representative of a particular guild of species that
show similar responses to the different flows (sensu Baumgartner et al. 2013).
Waterbirds
Knowledge of flow relationships for waterbirds used in by the MDBA in the northern Basin to date is
mostly limited to observations concerning the filling of particular wetlands that are known to be
significant for waterbird breeding events.
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Table 8: Summary of ecohydrologic data used in the EWR process for each of the ecological assets.
Ecological
component

Barwon-Darling

Lower Balonne floodplain

Narran Lakes

Physical habitat

Southwell (2008)

Smith et al. (2006)

Sims and Thoms (2003)

Boys (2007)

Sims and Thoms (2002)

Rayburg and Thoms (2009)(2009)

The assessment of physical habitat in the Barwon-Darling
has been based mostly on the in-channel bench work of
Southwell (2008), Thoms and Sheldon (2000), with little
data available for floodplain connections within this
section of the Barwon-Darling apart from the work of
Jenkins on Teryaweynya Creek (Jenkins and Briggs 1997).
This work has mostly related to the release of nutrients
and carbon storages in in-channel areas (Southwell 2008)
and the waterbird response to flooding along
Teryaweynya Creek (Jenkins and Briggs 1997).

While there have been specific studies for the lower Balonne
floodplain these have mostly related to vegetation response.
There is limited data on the actual physical habitat relationships
with flow magnitude and inundation for the lower Balonne and
what has been used for the EWR process is generic information
for floodplains.

There have been some specific studies relating to the water requirements for habitat
inundation in the Narran Lakes system and these relationships appear to be well
understood.

Riparian and
floodplain
vegetation

Roberts and Marston (2011)

Roberts and Marston (2011)

Roberts and Marston (2011)

Aquatic
communities

Ecohydrological relationships used within the ESLT
process for aquatic fauna in the Barwon-Darling have
been assumed largely from studies undertaken in the
southern Basin or from general theory on floodplain
rivers . It appears there is a general assumption that in
meeting the ecological requirements of vegetation, then
the same will apply for aquatic fauna. Furthermore, there
is also the assumption that all species will have similar
ecological responses to flows.

Additional flow relationships for vegetation in Narran Lakes indicator site used by the
MDBA (2012c) draw on work conducted by ANU Enterprise (ANU Enterprise 2011) based
on datasets generated by the Narran Lakes Ecosystem Project (Thoms et al. 2008). In
particular, these results are used in combination with knowledge from Roberts and
Marston (2011) to conclude that floods of at least 3 months duration are required at
least every 1.33 years to maintain the health of lignum shrubs (MDBA 2012c). This
incorporation of local ecohydrological research into the model for the Narran Lakes
indicator site increases the relevance of and confidence in the knowledge used. Similarly,
knowledge from the Gwydir River floodplain in the northern Basin was also considered
(NSW Department of Climate Change and Water 2011) in calculating water requirements
for riparian forest, lignum shrubland and native grassland in the Lower Balonne. The
assumption made by the MDBA (2012c) that these vegetation communities will have
similar water requirements in these two locations, however, is untested and subject to
the same uncertainties involved in transferring knowledge from the southern Basin,
particularly since average annual rainfall and runoff is significantly higher in the Gwydir
than the Lower Balonne (CSIRO 2008).
Ecohydrological relationships within the ESLT process for aquatic
fauna in the Lower Balonne are largely derived from the southern
Basin. . It appears there is a general assumption that in meeting
the ecological requirements of vegetation, then the same will
apply for aquatic fauna. Furthermore, there is also the
assumption that all species will have similar ecological responses
to flows.

There is little evidence of ecohydrological relationships being derived for aquatic fauna as
part of the ESLT process in the Narran Lakes. It appears that there is a general
assumption that by meeting the ecological requirements of vegetation, then the same
will apply for aquatic fauna. Furthermore, there is also the assumption that all species
will have similar ecological responses to flow.
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Ecological
component

Barwon-Darling

Lower Balonne floodplain

Narran Lakes

Waterbirds

For the Barwon-Darling, it is assumed that filling of the
lakes in the Teryaweynya system (e.g. Poopelloe Lake)
that are known to have supported colonial waterbird
breeding in the past, will provide further opportunities
for successful waterbird reproduction. No consideration
is given to the duration of inundation, however, nor
inundation depth or timing.

In the Lower Balonne, flow indicators for the inundation of
riparian, floodplain and wetland vegetation communities are
assumed to be sufficient to provide foraging opportunities for
waterbirds in the region.

In comparison to the Barwon-Darling and Lower Balonne broadly, more specific
relationships have been calculated between flows and colonial waterbird breeding in the
Narran Lakes using observations of the 16 waterbird breeding events (i.e. number of
nests) recorded at the site between 1965 and 2004 and flows at gauges on the Narran
River (i.e. Dirrinbandi, New Angledool and Wilby Wilby). In all but three occasions,
waterbird breeding has occurred when annual flows greater than 100 000 ML have been
recorded at these gauges. Analyses of this data by ANU Enterprise (2011) in the
development of the Narran Lakes Decision Support System indicate that there is a 95%
probability that ibis nesting will occur at Narran Lakes when annual inflows greater than
100,000 ML occur at Wilby Wilby. Similar analyses suggest that annual inflows of at least
300,000 ML are required for larger breeding events (i.e. > 50,000 nests).
Waterbird breeding occurred at Narran Lakes in 2008 in response to a flow volume lower
than 50,000 ML. This exception to the 100,000 ML flow threshold trigger is attributed to
antecedent drought conditions, an aging waterbird population and high levels of local
rainfall promoting opportunities for local foraging.
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4.3.3 Flow attributes
The flow indicators considered by the MDBA with respect to the water requirements for the key
ecological components for each indicator environmental asset site are summarised in Table 9.
The flow indicators used by the MDBA during the ESLT process to date are predominantly associated
with flow magnitude (or volume), duration and frequency, which are all appropriate flow indicators
which have been linked directly to different aspects of river ecosystem function (Bunn and
Arthington 2002). The spatial and temporal complexity (e.g. seasonal timing) of flows across the
northern Basin has been considered with guidelines provided on the ideal frequency of events in
different seasons. However, seasonality is largely assumed to be accounted for by the unconstrained
nature of flow events in the unregulated systems of the northern Basin review regions. Similarly,
timing and antecedent conditions, both important drivers of ecological response by aquatic species
in dryland rivers (e.g. Balcombe and Sternberg 2012), are not considered. While timing of flows
either seasonally or within recent flow history cannot feasibly be managed in unregulated systems,
the amount of take in response to flows could be managed to consider such factors as the timing of
these flows and/or the antecedent conditions prior to specific flow events.
Section 4.1 outlines three spatially relevant flow indicators: (i) flows that provide persistence of vital
refugia (permanent parts of the northern Basin); (ii) flows that provide connectivity of refugial
sections both locally and regionally, and (iii) the spatial extent of inundation of flood pulse events of
different magnitudes. Within the northern Basin, however, it is not just the magnitude of the flow
that provides either in-channel connection of floodplain inundation that is important, the temporal
sequencing of flows is also significant in determining the magnitude of the resulting flood. Where
sequential floods occur in consecutive years the magnitude of each successive flood may increase,
resulting in increased inundation of the channel network in later floods even of the same or lesser
magnitude as earlier floods. This sequential flooding has enormous influence on the inundation
frequency of terminal wetlands (Appendix 2; Leigh et al. 2010).
With respect to waterbirds, flow indicators have been used in relation to the volumes and durations
assumed to be required to support significant numbers of waterbirds (i.e. > 20 000) or breeding
events. No information concerning flood depths or rates of change in these or flood timing was
considered.

4.3.4 Significant covariates
Due to a lack of information, covariates were not explicitly included by the MDBA in the
development of the flow indicators as part of the ESLT process to date and this lack of information
has limited the ability of the MDBA to consider the role of covariates in influencing flow
requirements.
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Table 9: Summary of flow components used by the MDBA to develop flow indicators for the indicator environmental asset sites.
Ecological
component

Barwon-Darling

Lower Balonne floodplain

Narran Lakes

Hydrology
and physical
habitat

There are no specific flow indicators for inchannel physical habitat in the BarwonDarling. The main flow indicator used was
the flow volume required for commence-toflow in the Talyawalka Creek system.
However, the flow indicators developed for
vegetation, aquatic species and waterbirds
will meet the inundation requirements of a
range of in-channel and low-lying floodplain
physical habitat.

There are no specific flow indicators for the
maintenance of physical habitat; however, general
floodplain inundation flow indicators for different
degrees of floodplain inundation have been used.
These don’t relate to within channel(s) flow
indicators which may also be ecologically relevant
for habitat connectivity and aquatic community
dispersal, these have been captured for the Lower
Balonne floodplain as part of the “other biota” and
the use of waterholes within the channel network
as refugia.

The flow volumes and durations required to
inundate different habitat areas within the
Narran Lakes system are well understood.
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Ecological
component

Barwon-Darling

Lower Balonne floodplain

Narran Lakes

Riparian and
floodplain
vegetation

The flow indicators used to assess
environmental water requirements of
floodplain and wetland vegetation for the
Barwon-Darling are limited to rates of inflow
volumes and associated durations that are
required to connect key parts of the system,
especially with respect to the Talyawalka
Anabranch – Teryaweynya Creek system,
and inundate areas in which asset plant
species and vegetation communities are
assumed to occur (MDBA 2012b).

Flow thresholds required to inundate assumed
asset vegetation community extents were
calculated largely using information from Sims and
Thoms (2002) and Sims (2004). The required
frequency and duration associated with each flow
threshold was then calculated primarily using
information contained in Roberts and Marston
(2011).

Site-specific flow indicators for the Narran
Lakes calculated by the MDBA (2012)
incorporate flow volumes that are likely to be
required to inundate the key wetland
components of the system based on the
findings of the Narran Lakes Ecosystem
Project (Thoms et al. 2007) along with work
presented by Sims and Thoms (2002).
Appropriate durations and frequencies for
each flow volume to meet the requirements
of vegetation communities within each of
these spatial components are calculated
based on knowledge presented in Roberts and
Marston (2011) and various analyses of
datasets collected in the Narran Lakes
Ecosystem Project (Thoms et al. 2007; ANU
Enterprise 2011).

Flow indicators are calculated for the
inundation of fringing river red gums and
‘frequently inundated’ parts of the
floodplain and for black box on higher parts
of the floodplain around the anabranch. A
range of desired frequencies for each of
these flow bands is also calculated (i.e.
proportion of years) based on assumed
water requirements.
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Ecological
component

Barwon-Darling

Lower Balonne floodplain

Narran Lakes

Aquatic
communities

The flow indicators used to assess the
environmental water requirements of
aquatic fauna (discharge and duration) are
those used to assess the needs of the
vegetation communities. There appears to
be an underlying expectation that all
indicators will represent a flow regime that
provides recruitment opportunities for a
range of aquatic fauna.

There were no specific flow indicators used to
assess the environmental water requirements of
specific aquatic fauna. There appears to be an
underlying expectation that in meeting the
watering needs of the vegetation communities the
same flow regime will also support the ecological
requirements of aquatic fauna. The flow indicator
for the maintenance of permanent aquatic refugia
is linked closely to the requirements of aquatic
biota under base flow or cease-to-flow conditions.

There were no specific flow indicators used to
assess the environmental water requirements
of aquatic fauna. However the indicators used
to meet the needs of the vegetation and bird
communities are expected to provide a flow
regime that will supports a range of aquatic
fauna.
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Ecological
component

Barwon-Darling

Lower Balonne floodplain

Narran Lakes

Waterbirds

Flows to support colonial waterbird breeding
events in the Teryaweynya system were
calculated based on the duration of high
flows connecting the system to the Darling
River (i.e. via Cultowa Creek) assumed to be
necessary to fill Poopelloe Lake, the largest
in that system. However, no consideration is
given to the flows required to provide the
duration of flooding in these wetlands once
filled needed for successful waterbird
reproduction to occur (i.e. at least five to six
months based on current understanding).

No specific flow indicators were determined with
respect to waterbirds for the Lower Balonne
floodplain.

Site-specific flow indicators for waterbird
breeding events in the Narran Lakes
calculated by the MDBA (2012c) are based on
the observation that the 16 events recorded
at the site between 1965 and 2004 all
occurred when gauges on the Narran River
(i.e. Dirrinbandi, New Angledool and Wilby
Wilby) all recorded annual flows greater than
100 000 ML. Annual inflows of at least 300
000 ML are assumed necessary for larger
breeding events (i.e. > 50,000 nests). The
MDBA have therefore assumed that flows of
at least 100 000 ML for a duration of at least
12 months are required to provide
opportunities for successful waterbird
breeding in Narran Lakes.

Observations of inundation patterns by
Jenkins and Boulton (2003) are also used to
infer inflow volumes for filling frequently
inundated parts of the system.

Based on conditions at the site between 1999
and 2008, eight years is assumed to be the
maximum number of years tolerable between
opportunities for breeding events in the
Narran Lakes.
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4.4 Other available knowledge
Here, we review other available science not used explicitly by the MDBA to determine water
requirements for the key ecological components for each indicator environmental asset. This
includes data and knowledge that has been generated since the MDBA’s development of flow
indicators as well as some datasets that were available but are likely to require further work to make
them fit for purpose. This information is provided to inform further work and research rather than
suggest that the MDBA overlooked any available knowledge in the development of flow indicators.
5c. What other knowledge is available to determine flow requirements?
There are some additional or recently available data and information that could inform key elements
of the indicator environmental assets in the Condamine-Balonne and Barwon-Darling systems; these
are mostly broad landscape data sets from satellite imagery or aerial photography that would
require additional work to develop useable products.
There is a small amount of additional information and data that could be used (with additional
analysis or interpretation) to inform ecohydrological relationships and associated flow attributes of
the key ecological components of relevance to the development of flow indicators.
Currently, there is limited knowledge concerning the relationships of significant covariates such as
weather, groundwater and land use, with flow and their quantitative effects on ecological responses
to flow.

4.4.1 Baseline ecological data
Other available baseline ecological data not used by the MDBA to determine water requirements for
the key ecological components for each indicator environmental asset site is summarised in Table
10.
Hydrology and physical habitat
In-channel flow pulses are relatively well gauged across the northern Basin. There are a large
number of flow gauges with real time data readily available for streams and rivers in both New South
Wales and Queensland (for more information, visit the NSW Government’s WaterInfo website at
http://waterinfo.nsw.gov.au/; and the Queensland Government’s Water Monitoring Data Portal at
http://watermonitoring.derm.qld.gov.au/host.htm). Both NSW and Qld use an Integrated Quantity
and Quality Model (IQQM) to assess the impacts of different management strategies on water users.
For specific river valleys the IQQM models simulate the major hydrological processes and associated
relevant management rules and have been developed to reproduce average long term hydrological
behaviour for planning purposes rather than specific individual daily flow behaviour in any particular
year or forecast any future year (for more information, visit the NSW Government Office of Water’s
web information on river systems at http://www.water.nsw.gov.au/WaterManagement/Modelling/River-systems/default.aspx).
In NSW, further models of gauged data have been developed to help understand the impacts of
future climate change scenarios on runoff and therefore streamflow (for more information, visit the
NSW Government Office of Water’s web information on climate change at
http://www.water.nsw.gov.au/Water-Management/Modelling/Climate-change/default.aspx).
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At a broader scale, the CSIRO Sustainable Yields project has explored the impact of future climate
change, catchment development and changed groundwater usage on the availability of surface
water in the Murray-Darling Basin including the northern Basin (CSIRO 2008).
It should be noted that the MDBA made use of this relevant available data and appropriate models
in the ESLT process and in developing SDLs for the northern Basin.
What is lacking, however, is an understanding of the spatial extent of ‘flow pulses’ as they occur
down different river systems; and, when they do occur, the spatial extent of overbank flooding in
the northern Basin. The hydrological understanding as outlined above is very specific to temporal
changes in flow height or discharge, rather than the more complex three-dimensional aspect of
inundation and connectivity through river networks. The Murray-Darling Basin Floodplain
Inundation Model (Basin-FIM1 and Basin-FIM2) developed by CSIRO has attempted to document the
inundation patterns associated with different flow events across the Murray-Darling Basin and build
a model that allows prediction of changes to flood extent based on the different scenarios
developed as part of the CSIRO Sustainable Yields Project (CSIRO 2008). Prior to the development of
Basin-FIM1 no model of flooding existed for the Murray‐Darling Basin. Basin-FIM1 and updated in
Basin-FIM2 was produced from satellite imagery and other available floodplain and wetlands
inundation mapping (Chen et al. 2012 http://www.clw.csiro.au/products/mdb-fim/). While the
development of Basin-FIM2 is significant for understanding floodplain inundation within the
northern Basin, the pixel size of the MODIS data used (between 250 and 500m) means the spatial
extent of moderate flooding events is probably not well captured. This is significant for
understanding the proposed changes associated with the ESLT process in the northern Basin as the
potential changes in floodplain inundation associated with increased flows within the northern Basin
will be at the moderate flow band and understanding changes at the floodplain scale at smaller
resolutions may be important. The Basin-FIM2 model also does not spatially map the extent of
channel connection under moderate flow pulse events, being more focused on inundation. So while
this modelling product is significant for understanding floodplain and terminal wetland filling and
inundation during floods of different magnitudes it is unlikely to be sensitive enough to detect
responses at the scale appropriate for the ESLT process.
Riparian and floodplain vegetation
Satellite imagery provides a substantial record from which baseline ecological data could be
extracted for the entire northern Basin as well as the indicator sites more specifically. Since the
remote sensing studies used by the MDBA to date were conducted (e.g. Sims 2004), the availability,
cost and accessibility of image archives has been greatly improved as has the capacity to conduct
image analyses. Significant processing of these images would be required, however, to produce
knowledge of relevance and utility in the development of flow indicators.
Regional vegetation maps are available for both the Queensland and New South Wales portions of
the northern Basin. Each State has different approaches to vegetation description, classification and
mapping. Queensland maps are for Regional Ecosystems that are classified within biogeographic
regions (Neldner et al. 2012). The northern Basin in Queensland covers two of these bioregions: the
Mulga Lands and the Brigalow Belt. Within each bioregion, land zones representing simple geology,
substrate and landform attributes are delineated. Vegetation is then described within each land
zone according to Webb (1978). Descriptions for regional ecosystems include the dominant
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vegetation type, according to Webb’s classification, along with a list of associated species. In the
Mulga Lands and Brigalow Belt, alluvial ecosystems (i.e. river and creek flats) are classified as Land
Zone 3. Version 7.1 of the Regional Ecosystems Descriptions Database (Queensland Herbarium
2013), lists 39 regional ecosystems within Land Zone 3 in the Brigalow Belt and 25 in the Mulga
Lands bioregion. For each regional ecosystem, the following variables are provided in addition to
descriptions: biodiversity status, estimated extent, extent reserved, special values, fire guidelines
and a general description of structure (e.g. sparse).
New South Wales vegetation classification has been developed for the Western Plains region, which
encompasses all of the northern Basin indicator sites, drawing on an extensive collation of existing
surveys (Benson et al. 2006). Other upland parts of the northern Basin are covered by the Western
Slopes vegetation mapping. Within the Western Plains region, 213 plant community types (PCTs) are
identified in the NSW Vegetation Classification and Assessment project (NSWVCA). NSW PCTs are
classified and mapped primarily according to floristics but geomorphology and landform are taken
into account in some cases. For each PCT, dominant species are described for upper, middle and
ground strata. Estimates of pre-European and remaining extent are also provided. Information
pertaining to spatial data relevant to each PCT is also provided in the NSW Vegetation Information
System. Information about conservation status, threats and protection in reserves is also provided
(Benson et al. 2006).
The most recent NSW vegetation maps relevant to the focus region indicator environmental assets
are those developed by the Northern Floodplains Regional Planning Committee (2004), although
these do not cover most of the south-eastern part of the Barwon catchment nor the Darling
downstream of Bourke. Existing vegetation and pre-clearing vegetation is mapped for the remaining
area based on the MDBC’s 1991 M305 vegetation data along with more recent Landsat and aerial
photo image analyses and field surveys.
Riparian vegetation across the NSW portion of the northern Basin has also been surveyed on two
occasions in the last five years (2008-09 and 2012) by Roberts and Hale (2013). This monitoring was
conducted in 14 sites established in 2008 and a further 19 sites established in 2009 across the
Western Catchment and included sites along the Barwon (10 sites), Darling (11 sites), Culgoa (4 sites)
and Narran (4 sites) rivers. Data was collected on species abundance, characteristics, vegetation
structure (e.g. cover) and recruits.
Although significant datasets exist concerning riparian and floodplain vegetation in the northern
Basin that were not used by the MDBA, considerable processing and analysis would be required to
generate useful and relevant knowledge from these, especially because of their incomplete extents
and methodological differences.
Aquatic communities
There is a lack of quantitative data on aquatic fauna in general across the three environmental asset
sites. Existing baseline data, particularly to provide knowledge pertaining to ecohydrological
responses is rare in the northern basin. For example the sustainable rivers audit (Davies et al. 2008,
MDBA 2012e) provides condition monitoring for both macroinvertebrates and fish at across the
different river valleys, and similarly the Smart Rivers sampling across various sites and times in the
lower Balonne (for more information, visit the Smartrivers website at http://www.smartrivers.com).
However, these programmes do not provide a context for ecological response to wetting or drying
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events by the in-stream fauna. These data are useful for providing some basic information on spatial
distribution of the aquatic fauna across the northern Basin and the three indicator environmental
assets. Quantitative studies that do provide some background baseline data (with some hydrological
context) for fish distribution and abundance include Balcombe et al. (2010) -Barwon-Darling, and
Webb et al. (2011)– Lower Balonne. Balcombe et al. (2010) examines fish assemblage structure,
abundance and size frequency, and hydrology across two sampling occasions and four reaches in the
Macintyre and Barwon River catchments. This data provides some useful baseline data on
distribution, size structure and assemblage structure on both temporal and spatial scales. Webb et
al. (2011) provides a one-off survey of fish abundance and size structure in waterholes on the Lower
Balonne floodplain, providing a good summary of fish distribution and abundance across the lower
Balonne rivers. Across all indicator environmental assets there is a lack of good quantitative baseline
data on other aquatic fauna, such as turtles, water rats, mussels and turtles.
Waterbirds
The Eastern Aerial Waterbird Survey (EAWS), currently managed by the University of New South
Wales, includes the northern Basin and is conducted annually in October. Several additional years of
survey data are therefore now available beyond that used to inform the ESLT process and
development of flow indicators to date. The entire EAWS dataset could also be further mined to
examine spatial and temporal variation in habitat use by waterbird assemblages across the northern
Basin at local, catchment and regional scales to gain a better understanding of the significance of
different habitats and the factors influencing their use by particular species for breeding or other
uses, e.g. foraging.
The Atlas of Australian Birds (for more information, visit BirdLife Australia’s webpage at
www.birdlife.org.au) also provides access to a considerable range of data concerning the presence of
bird species and nests across Australia. As per the datasets available for riparian and floodplain
vegetation, these waterbird datasets would likely require significant processing to generate useful
and relevant knowledge for the development of flow indicators.

53

Table 10: Summary of the known relevant baseline ecological data for each environmental asset area not specifically used by the MDBA to develop flow
indicators for the environmental asset sites.
Ecological
component

Barwon-Darling

Lower Balonne floodplain

Narran Lakes

Hydrology and
physical
habitat

Floodplain inundation modelling Basin-FIM,
however, the scale of the modelling may be too
course for the ESLT purpose. Smaller scale spatial
models required for channel connection do not
exist.

Floodplain inundation modelling Basin-FIM,
however, the scale of the modelling may be too
course for the ESLT purpose. Smaller scale
spatial models required for channel connection
do not exist.

The inundation maps available for
Narran Lakes (Thoms et al. 2008) were
used in the ESLT process.

Riparian and
floodplain
vegetation

Gowans et al. (2012) provide a vegetation survey
of Toorale Station that considers vegetation
community composition, structure and condition.
Field surveys were conducted in May 2011,
following period of relatively high rainfall, in 115
plots on the Darling floodplain at Toorale. Tree
health, canopy condition and age structure
information of asset plant species is provided as
well as extant vegetation diversity and cover for
both exotics and natives. Regeneration amongst
asset plant species was also measured although
propagule banks were not examined by the study.
Some ecological functional data, such as the
number of trees with hollows and the abundance
of coarse woody debris are also reported. The
report includes a detailed vegetation map that
includes riparian, floodplain and wetland
vegetation communities of known high
environmental value and reports on certainty of
map units.

Population structure of coolibah woodlands in
the Darling Riverine Plains region (between
Wee Waa, Burren Junction and Collarenebri)
have also been surveyed as part of a recent PhD
project conducted by Good (2012). This thesis
provides information on differences in
population (size) structure and woodland
density in five remnant woodland sites and five
sites of dense regeneration. Information on
differences in understorey vegetation between
remnant woodlands and areas of dense
coolibah regeneration is also presented.

Further analyses of data collected
during the Narran Lakes Ecosystem
Project have been conducted by Herron
et al. (2011). This study considers the
effects of flood frequency and soil
character on the distribution and
character of lignum shrublands, finding
that high quality lignum occurs in areas
with flood frequencies of 2-3 years.

Cook et al. (2011) provide a study of soil seed
banks in floodplain vegetation communities of
the Narran River at Angeldool Station in the
vicinity of Lightning Ridge. Information is given
regarding soil seed bank composition and
structure in black box hollows, riparian
woodlands, floodplain areas and lakes.

Lignum population structure (i.e.
abundance and character of recruits)
has also been studied by Murray et al.
(2012) (2012)at locations of varying
flood frequency and duration across the
Narran Lakes system.
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Ecological
component

Barwon-Darling

Lower Balonne floodplain

Narran Lakes

Aquatic
communities

Balcombe et al. (2010) –fish assemblage structure,
abundance and size frequency, and hydrology
across two sampling occasions and four reaches in
the Macintyre and Barwon River catchments –
Provides baseline data for a suite of fish species
with a spatial and temporal component
considered. There is a general lack of quantitative
data for all other non-fish aquatic fauna.

Webb et al. (2011) – One off sampling of fish
abundance and size structure in waterholes on
the Lower Balonne floodplain. It provides useful
baseline data on fish distribution and
abundance. There is a lack of good quantitative
baseline data on other aquatic fauna.

There is a general lack of good baseline
data (collected in a quantitative
manner) for aquatic communities in the
Narran Lakes.

Waterbirds

Eastern Aerial Waterbird Survey

Eastern Aerial Waterbird Survey

Eastern Aerial Waterbird Survey

Atlas of Australian Birds

Atlas of Australian Birds

Atlas of Australian Birds
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4.4.2 Ecohydrological relationships
Other available science concerning ecohydrological relationships not used by the MDBA to
determine water requirements for the key ecological components for each environmental asset site
is summarised in Table 11. This section highlights other datasets that may be useful in
understanding ecohydrological relationships and informing flow indicators; however, we recognise
that information required to set flow indicators for the ecological components needs to be specific
and include measured ecosystem responses for specific flow levels.
Physical habitat
The basic geomorphology of the northern Murray-Darling is relatively well documented in a number
of reports, book chapters and journal papers (e.g. Sheldon and Thoms 2004, Thoms et al. 2004a,
2005); however the link between the flow regime and the generation and maintenance of specific
types of physical habitat at both the reach scale and the landscape scale is poorly understood for the
northern Basin. Physical habitat has not been included further here as we have assumed that if flow
indicators are relevant for the biota this will encompass the different flow bands required to
maintain physical habitat.
Riparian and floodplain vegetation
Very little new knowledge specifically pertaining to the water requirements of asset plant species
and vegetation communities has been generated since the review presented by Roberts and
Marston (2011) that provided most of the information used by the MDBA in the development of
flow indicators to date, especially with direct relevance to the NBSR indicator environmental asset
sites. Many of the studies listed in the preceding section as providing relevant baseline ecological
data, could also contribute to general ecohydrological understanding if considered in relation to
hydrological patterns. Few of these, however, have specifically examined water requirements of key
plant species, vegetation communities and vegscapes. Nevertheless, some of this knowledge is
relevant to the ESLT process in the northern Basin and the delivery of environmental water. The
vegetation monitoring conducted by Roberts and Hale (2013), since the MDBA developed flow
indicators, provides some information about how asset plant species and vegetation communities
within the NBSR indicator sites have responded to rewetting following drought. Information about
recruitment of asset species and vegetation condition may be particularly relevant.
Aquatic communities
The flow metrics used in the ESLT process to date are predominantly associated with flood extent,
duration and frequency. There appears to be no account taken for timing and antecedent conditions
which are important drivers of ecological response by aquatic species in dryland rivers (e.g.
Balcombe and Sternberg 2012). It must be acknowledged, however, that management of these
important aspects of the flow regime is problematic in the northern Basin where flows are
essentially unregulated, however, flow access rules could capture the importance of seasonality and
antecedent conditions.
To generate appropriate ecohydrological relationships for the aquatic fauna, it is necessary not only
to have an understanding of the distribution of fauna across the landscape (baseline data), but also
population (age and size) structure at various spatial scales and the response of these populations to
different aspects of the flow regime, including knowledge of how flow affects their basal food
resources. Such information can be gleaned not only from studies in the northern basin, but also in
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other dryland rivers with a similar climate context (i.e. semi-arid systems with a summer dominated
rainfall). There is, however, a risk involved in transferring results from ecological response studies to
other apparently similar systems, even if they are closely located (Balcombe et al. 2010, Balcombe
and Sternberg 2012).
There are, however, some site-specific studies that can provide additional information for
ecohydrological relationships not used in the EWR: Barwon Darling (Balcombe et al. 2010), Lower
Balonne (Webb et al. 2011), Narran Lakes (Rolls and Wilson 2010). Balcombe et al. (2010) has some
useful information on ecohydrological responses to flow by a suite of fish species. This data could
also be a useful starting point for understanding the role of flow regulation on recruitment response
by native fish species in response to different aspects of the flow regime in the presence of
environmental stressors (e.g. Land-use change). Webb et al. (2011) provides a ecohydrological
analysis that partitions short and longer term hydrology effects on maintaining critical habitats for
fish (and thus fish assemblages) in the Lower Balonne and potentially similar dryland rivers across
space and time. Rolls and Wilson (2010) presents the response of fish assemblages to an
environmental flow delivered to augment a natural flood in the Narran Lakes. This study provides
some insight into the response by multiple fish species to both flow duration and magnitude. All of
these studies provide some specific quantitative ecohydrological knowledge for fish species that
could help inform the further development of flow indicators.
There are no known studies of ecohydrological response by aquatic fauna other than fish that are
relevant.
Waterbirds
Very little new knowledge specifically pertaining to the water requirements of waterbirds in the
northern Basin (or indeed the entire Basin) has been generated since the initial ESLT process was
conducted. A few recent studies, however, present further analyses of waterbird data in relation to
flow that might inform future research approaches. Arthur et al. (2012), for instance, identify flow
thresholds (volumes and durations) for attempted breeding amongst several species of large,
colonially nesting waders in the Barmah-Millewa, Macquarie Marshes and Lake Merreti.
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Table 11: Summary of relevant information on ecohydrological relationships not used by the MDBA to develop flow indicators for the environmental
asset sites.
Ecological
component

Barwon-Darling

Lower Balonne floodplain

Narran Lakes

Riparian and
floodplain
vegetation

With the exception of Roberts and Hale
(2013), the review has not identified any
additional published information
pertaining to the ecohydrology of asset
plant species and vegetation
communities in this indicator site.
However, a new research project funded
by the Cotton Research and Development
Corporation (CRDC) is currently
examining regeneration response to
flooding of asset plant species in this
region as well as the lower Balonne
(Capon et al. 2013).

The PhD project conducted by Good (2012)provides
a study of coolibah seedlings and the facilitative
effects of perennial grasses under different seasonal
conditions. The results indicate that facilitation of
seedlings by grasses may play a significant role in
their survival during winter months but not hot dry
summers. Consequently the seasonal timing of flows
triggering germination may be important, i.e. late
summer-autumn flows may lead to more favourable
conditions for recruitment.

Undergraduate and Honours research projects
conducted by Murray et al. (2012) examined
growth and regeneration responses of lignum
and river cooba to flooding in the Narran
Lakes. Findings indicate that flood duration
and frequency influence the character and
condition of these asset plant species and the
communities they comprise. For example,
lignum and river cooba density, size and
condition were found to relate positively to
flood frequency while specific leaf area
tended to decline with flood frequency in both
species (unpublished data).

Work conducted by Capon et al. (2012) describes
regeneration responses of key asset plant species,
including river red gum, coolibah, river cooba and
lignum, in riparian sites of the Border Rivers and
Condamine-Balonne. Little significant regeneration
in response to flood events of 2011 was identified.
Parsons and Thoms (2013) provide a study of
riparian and floodplain vegetation response to flood,
rain and dry conditions at the level of vegscapes and
demonstrate the significance of flooding to
vegetation productivity and heterogeneity.
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Ecological
component

Barwon-Darling

Lower Balonne floodplain

Narran Lakes

Aquatic
communities

Balcombe et al 2010 –fish assemblage
structure, abundance and size frequency,
and hydrology across two sampling
occasions and four reaches in the
Macintyre and Barwon River catchments
– Provides baseline data and
ecohydrological responses by a suite of
fish species. This data could be a useful
starting point for understanding the role
of flow regulation on recruitment
response by native fish species in
response to different aspects of the flow
regime in the presence of environmental
stressors (e.g. Land-use change).

Webb et al. (2011) – One off sampling of fish
abundance and size structure in waterholes on the
Lower Balonne floodplain. It provides useful baseline
data on fish distribution and abundance. It also
describes an ecohydrological analysis that partitions
short and longer term hydrology effects on
maintaining critical habitats for fish in dryland rivers
across space and time.

Rolls and Wilson (2010) – Response of fish
assemblages to an environmental flow
delivered to augment a natural flood –
provides some insight into the response by
multiple fish species to both flow duration and
magnitude.

Waterbirds

None known

None known

None known
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4.4.3 Significant covariates that may influence the outcomes of the ESLT process
Information concerning the extent and nature of most significant covariates identified as important
is widely available (e.g. from national datasets or the satellite record) for the northern Basin, as
outlined below. However, there is a lack of knowledge concerning the relationships of these
covariates with flow and their quantitative effects on ecological responses to flow. These covariates
are considered here in context of the ESLT process, although this process if focussed on delivering
flow outcomes, these outcomes may mitigated by the impacts of covariates on ecological
component response. Ecosystems are complex entities and managing for just one anthropogenic
disturbance, or “stressor” with no understanding of the broader context of multiple other stressors
will make interpreting ecosystem response to change difficult.
Physical habitat
Changes to the natural hydrology through human land and water use have altered the natural
deposition and erosion of the channels and floodplains of the northern Basin (Walker and Alchin
2004). Changes in land-use, from cattle grazing to agriculture, have resulted in land-clearing both in
riparian zones along the main channel, but also along tributaries and anabranches (Ayers et al.
2004). This has not only reduced habitat availability for native terrestrial biota (Dickman 2004), but
also increased the potential for erosion and runoff into the main channel and in turn has altered
natural deposition rates (Walker and Alchin 2004). Combined with altered hydrology, natural
entrainment and deposition of sediments is not occurring and there is evidence for the natural deep
channels and pools to silt up reducing natural habitat for aquatic species (Gehrke and Harris 2004).
Entrainment of sediments also changes the natural turbidity of the water column, which in turn
alters algal production levels influencing the rest of the food chain (Caitcheon et al. 1995, Gehrke
and Harris 2004, Oliver et al. 2004).
While the geomorphological character of the northern Basin has been well described we have
limited understanding of the impacts of land-use and hydrological change on geomorphological
processes, particularly at landscape scales where floodplain development has changed channelfloodplain connectivity and depositional processes.
Riparian and floodplain vegetation
Significant national and regional datasets exist that might be utilised to determine the distribution
and characteristics of the main covariates identified, e.g. Bureau of Meteorology records for weather
conditions. National soil maps are also provided by Geoscience Australia. Additionally, the National
Atlas of Groundwater Dependent Ecosystems, also supplied by the Bureau of Meteorology, provides
information about the subsurface presence and surface expression of groundwater. As for baseline
ecological data, the satellite image record presents an invaluable data source for assessing
vegetation fragmentation and land use across the region. However, considerable work is required to
generate useful and relevant knowledge from such data so that it can be employed in the
development of flow indicators. A number of studies have also considered the interactive effects of
flooding and various covariates on riparian, floodplain and wetland plant vegetation in the region.
Reid et al. (2011) investigated the effects of grazing and soil nutrients on vegetation productivity and
composition, however report little influence of grazing on community composition in the Lower
Balonne. Roberts and Hale (2013) also investigate interactive effects of grazing and flooding
throughout the region and the effects of riparian fencing specifically. The results of this monitoring
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to date are, however, inconclusive, due to the overriding effects on vegetation of the shift from
drought to wet conditions over the monitoring period.
Aquatic communities
In addition to the multiple impacts on physical habitat brought about by land-use change, there is
also a need to understand how these covariates interact with population processes of the aquatic
communities. There is a need to understand the role barriers play in impacting on recruitment
dynamics of both fish and other aquatic fauna. These can be partitioned into effects on upstream
and downstream movements (in-stream barriers) for different life-stages of aquatic fauna, and
impacts on lateral movements between floodplains and channels. Understanding these interactions
is crucial for understanding population persistence of aquatic communities.
There is a greater need to understand the role exotic species play within these northern Basin
systems and whether they are they the same as for the southern Basin. For example, in the southern
Basin, it has been demonstrated that flow pulses may have a negative effect on native biota, by
stimulating breeding and migration activities by common carp. In addition, flows that open up
habitats and connectivity increasing the opportunity for carp to breed and proliferate can result in
increased carp impacts on native biota. Of all exotic fish species within the Basin, carp are the most
responsive to major flood events due to their high fecundity and rapid growth rates (Koehn 2004,
Stuart and Jones 2006). This eventuality will potentially limit the success of a given flood event as
these fish have a significant competitive advantage over native species owing to the high biomasses
they can achieve after flooding, coupled with indiscriminate diets and general wide environmental
tolerances (Koehn 2004). Furthermore, carp degrade water quality through their feeding actions
resulting in higher turbidity, loss of aquatic vegetation and reduced visibility and thus feeding
efficiency of native visual feeders (Koehn 2004).
A key question around carp impacts in the northern Basin is “where are their nursery habitats?” and
flowing on from this, are there management actions that can use this knowledge to limit their
impacts when opportunities arise for juveniles to colonise other habitats? It is also imperative to
understand how significant their impacts are on aquatic fauna in the northern Basin. The pervading
problem of exotic species such as carp in the MDB highlights the importance of understanding the
impacts of covariates on flow restoration outcomes.
Waterbirds
Padgham (2011) examines relationships between waterbird occurrence in eastern Australia and
climate dynamics. Large-scale precipitation systems affecting the entire eastern continent are found
to explain a significant level of variation in waterbird abundance between years.
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4.5 Knowledge Gaps
Here, we identify the key knowledge gaps pertaining to science needed to determine water
requirements for the key ecological components for each indicator environmental asset. Knowledge
gaps are identified in relation to the desirable knowledge needs identified in Section 4.2. A
complete list of knowledge gaps identified in relation to the development of flow indicators for the
environmental asset sites is provided in Appendix 3.
5d. What are the key knowledge gaps that might be addressed by further research?
The science panel identified the following key knowledge gaps relevant to determining flow
requirements in the two regions, (together with the projects that are designed to address these
knowledge gaps):
 Baseline information of hydrology and water regimes (Projects 1, 2, 3a and 3b)
 Consistent vegetation maps with information on population structure, vegetation composition
(especially understoreys) and condition (Project 4a)
 Inventories of aquatic communities in key in-stream habitats and the importance of these habitats to
dispersal and population maintenance (Project 4b)
 Knowledge of waterbird habitat use and movement between habitats (Project 4c)
 Responses of vegetation communities and key plant species to flows in the northern Basin (Project 5)
 Water requirements of key aquatic fauna species and their responses to flows (Project 6)
 Knowledge of site-specific waterbird breeding and feeding cues and responses to flow (Project 7)
 Understanding of interactive effects of flow and: weather; groundwater; soils; grazing; invasive
species; and landscape fragmentation and land-use change (Projects 8 and 9).

4.5.1 Baseline ecological data
Hydrology and physical habitat
We have identified the following key knowledge gaps in relation to hydrological understanding of
the environmental asset sites:





Knowledge of the historical distribution of in-channel persistent refugia on the lower Balonne
floodplain (HBD1 in Appendix 3);
Knowledge of the historical patterns of spatial connection, both in-channel and between the
channel and the adjacent floodplain, but more importantly between the Barwon-Darling and the
Balonne River via the channel networks of the Lower Balonne floodplain, and their relationships
with flow volume (HBD2 in Appendix 3); and
Knowledge of the historic patterns of inundation in relation to flow events in the Barwon-Darling
and lower Balonne floodplain (HBD3 in Appendix 3).

While data is available on original physical landscape structure (see Thoms et al. 2004a) and current
landscape structure, including existing river channels, anabranches and billabongs (SKM 2009),
baseline knowledge on processes maintaining these physical structures is lacking. In particular, data
is needed on erosion rates in both natural and altered areas to model soil entrainment, movement
and deposition (PHBD1 in Appendix 3).
Riparian and floodplain vegetation
We have identified the following key knowledge gaps in relation to riparian and floodplain
vegetation at the environmental asset sites:
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Knowledge of the spatial distribution of key plant species, vegetation communities and vegscapes
(i.e. vegetation maps): although a range of vegetation mapping is available across the NBSR
indicator sites and northern Basin, consistent vegetation maps, especially across the States’
border) are lacking (VBD1 in Appendix 3);
Understanding of spatial variation in the character and condition of key plant species and
vegetation communities across the northern Basin: knowledge of the population structure of key
plant species and the composition of vegetation communities, especially understorey vegetation
and propagule banks, is very patchy and inconsistent overall and especially lacking for the
Barwon-Darling (VBD2, VBD3 and VBD4 in Appendix 3); and
Understanding of historic variation in the character and condition of key plant species and
vegetation communities (i.e. temporal variability): very little information about historic variability
of riparian, floodplain and wetland vegetation is available with the exception of some limited
analyses of vegetation productivity (NDVI) and regeneration responses in the Lower Balonne (e.g.
Parsons and Thoms 2013; Good 2012; (VBD5 and VBD6 in Appendix 3).

Aquatic communities
There is a poor understanding of the general distribution and abundance of aquatic fauna both
across the northern Basin and the three indicator environmental assets. While there have been
some spatial surveys undertaken for fish and macroinvertebrates (e.g. SRA and SmartRivers), a
comprehensive assessment of all aquatic fauna (e.g. water rats and mussels) is lacking, especially
with respect to threatened species (ABD1 in Appendix 3). An understanding of species, including
population structure of individual species, body condition, and breeding status is also lacking (ABD2
in Appendix 3).
Further key knowledge gaps relate to the use of physical habitats (e.g. persistent in-stream refugia)
by aquatic fauna and the importance of these habitats to processes of dispersal and population
maintenance (ABD3 in Appendix 3). Understanding the role of the Barwon-Darling River as a refuge
for obligate aquatic communities for dispersal up into the Balonne (and other tributary) systems
during times of connection is particularly lacking (ABD4 in Appendix 3).
Waterbirds
Recent reviews of waterbird ecology suggest that current understanding of the location of significant
wetland and floodplain locations for waterbird breeding is quite robust (e.g. Brandis et al. 2009,
2011). An up-to-date assessment is needed, however, of existing baseline datasets, i.e. the Eastern
Aerial Waterbird Survey and the Birds Australia Atlas, to confirm the location of important habitats
for colonial waterbird breeding across the northern Basin and identify habitats beyond those used
by large numbers of colonial nesting waterbirds, i.e. important foraging locations or sites used for
breeding by solitary nesting waterbirds. Understanding of the temporal variability in habitat use by
waterbirds across the northern Basin (i.e. beyond Narran Lakes) is also lacking (WBD1 in
Appendix 3).
There is very little baseline data concerning waterbird habitat use and movement between breeding
and feeding habitats locally as well as between wetland and floodplain locations at larger scales in
Australia. This has been identified by numerous past reviews as a major knowledge gap limiting
effective environmental water delivery for waterbirds in the Murray-Darling Basin (e.g. Brandis et al.
2009; WBD2 in Appendix 3).
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4.5.2 Ecohydrological relationships
Hydrology and physical habitat
There is poor understanding of the links between flow and physical form in the northern Basin and,
more specifically, the impacts of changes in flow on habitat availability and physical form. In
particular, there is limited information on:





possible changes in the availability and distribution of in-channel permanent refugia as a result of
hydrological changes (PHER1 in Appendix 3);
possible changes in in-channel and floodplain siltation as a result of hydrological changes (PHER2
in Appendix 3);
the role of different flow magnitudes in erosion and deposition processes (PHER3 in Appendix 3);
and
possible changes in patterns of connection within channels and between channels and floodplains
as a result of hydrological changes (PHER4 in Appendix 3).

Riparian and floodplain vegetation
We have identified major knowledge gaps in relation to understanding the ecohydrological
relationships of key plant species, vegetation communities and vegscapes in the northern Basin and
within the indicator environmental assets.
Species level responses to flow:

Robust knowledge of the water requirements of all of the key plant species in the northern Basin is
lacking, particularly with respect to how such water requirements might differ from those in the
southern Basin. Very little information concerning coolibah response to flow is available at all.
Additionally, local information about key plant species’ growth and reproductive responses to flow
and watering requirements is very poor. With the exception of lignum shrubs at Narran, there is also
little information available about differences in water requirements of different cohorts of key plant
species (VER1 and VER2 in Appendix 3).
Vegetation community level responses to flow:

Local knowledge of relationships between flood history and vegetation community character and
condition are lacking in the Barwon-Darling and, to a lesser degree, in the Lower Balonne.
Approaches to the derivation of existing knowledge in the Lower Balonne and Narran Lakes have
also been inconsistent. Knowledge of water requirements of the understorey of asset vegetation
communities of the environmental asset sites is particularly poor (VER3 in Appendix 3).
Vegscape responses to flow:

Very little information exists concerning interactions between key plant species, their importance in
structuring vegetation communities and vegscapes, and the effects on these of flow regimes.
Historic variability of riparian, floodplain and wetland vegetation is also poorly known, with the
exception of some limited analyses of vegetation productivity (NDVI) and regeneration responses in
the Lower Balonne (e.g. Parsons and Thoms 2013; Good 2012; VER4 and VER5 in Appendix 3).

64

Aquatic communities
We have identified major knowledge gaps in relation to understanding the ecohydrological
relationships of aquatic communities in the northern Basin and within the indicator environmental
assets:
Species level responses to flow:

It is generally accepted that the water requirements of many aquatic species are poorly understood,
although we have a good conceptual understanding of how fauna will respond to specific flow
events. What is more pertinent, however, is not responses to individual events , but what are the
overall needs of any given species to persist, across their distributional range and the process
required to sustain them. Embedded within this are, however, how each species respond to
different aspects of a flow regime (e.g, timing, duration, magnitude etc.). For fish we have some
understanding of the hydrological requirements of some species such as Murray cod, yellowbelly
and silver perch. Much of this information is derived from research undertaken in the southern basin
(e.g Humphries et al. 1999), but it is not known how transferable this is. Additionally we have little
understanding of the hydrological requirements of other aquatic species such as turtles and frogs.
Within any given aquatic species we also lack knowledge on how different the ecological needs are
for different life/age stages. If we are to target individual species or groups of species as assets we
need to develop a comprehensive understanding of their individual flow requirements (AER1, AER2,
AER3 and AER4 in Appendix 3).
Assemblage level responses to flow:

There is a poorer understanding of assemblage level characteristics of aquatic fauna in relation to
flow response and ecological requirements. For example, the expectation that any given flow pulse
(and the components of that flow pulse) will affect all species in an assemblage the same way is not
feasible. The approach of Baumgartner et al. (2013) demonstrates this point with a framework that
partitions out fish assemblages into sets of different guilds that will have different ecological needs
in response to flows, and thus flow management for a given river will vary across times to try and
meet the needs of all species (represented within the guilds). There is also a lack of understanding
about how biotic interactions (e.g competition and predation) among species will affect overall
watering outcomes. This also includes the impact of exotic species (such as carp) under different
flow regimes such as extreme dry periods compared with long duration flow events (AER5 in
Appendix 3).
Waterbirds
Site-specific breeding and feeding responses to flow of particular species of waterbirds are mostly
lacking for the environmental asset sites and across the northern Basin in general, with some
notable exceptions, i.e. size of ibis breeding events in the Narran Lakes in response to gauged flow
volumes and durations on the Narran River. Similar relationships between flows and waterbird
presence or breeding have not been determined for other important wetland and floodplain
habitats identified as assets, e.g. the Teryaweynya system in the Barwon-Darling. Recent work (e.g.
Arthur et al. 2012) indicates that reasonably consistent flow thresholds can often be identified for
attempted waterbird breeding. A greater understanding of specific flow durations, depths and water
level fluctuations is also required for most waterbird species both in general and in important sites
across the northern Basin (WER1 and WER2 in Appendix 3).
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4.5.3 Significant covariates
While broad scale geomorphological processes within the northern Basin are relatively well
understood (Thoms et al. 2004b, SKM 2009) there is a paucity of information on small-scale
processes and the relationship between altered land-use and its impact on physical habitat.
Similarly, while information concerning the extent and nature of most significant covariates
identified as important is widely available (e.g. from national datasets or the satellite record),
understanding of their relationships with flow and ecological responses to flow in the northern Basin
is mostly lacking. Knowledge concerning the influence of weather, grazing and groundwater is
desirable to understand riparian and floodplain vegetation responses to flow (VSC1 in Appendix 3) as
are the effects of vegetation fragmentation due to land use change and in-stream barriers (VSC2 in
Appendix 3). With respect to aquatic communities, knowledge of the influence of land use
disturbances and in-stream barriers on the aquatic species, including exotic species (e.g. carp) is
desirable to understand flow responses (ASC1 and ASC2 in Appendix 3). For waterbirds, knowledge
of habitat requirements for breeding and feeding beyond flow conditions, e.g. vegetation structure,
is a major knowledge gap (WSC1 in Appendix 3).
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5 Synthesis, recommendations and research priorities
5.1 Synthesis and recommendations
Based on this science review, recommendations are offered concerning each step in the ESLT
process. Linkages between the ESLT process, review findings, recommendations and research
priorities are summarised in tables below. Details of the research priorities and the process for
identifying them are provided in Section 5.2.
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5.1.1 Key Environmental Assets and Indicator Environmental Assets
Table 12: Summary of findings of this review and relevant recommendations and research priorities associated with the identification of key environmental assets and indicator environmental assets in the Condamine-Balonne,
Barwon and Darling Rivers.
Key questions for science
review
1a. Did the approach of the
MDBA in identifying key
environmental assets
represent best practice?

Summary of review findings

Research priorities

There is now a national method for identifying high value wetlands and rivers (HEVAE framework)
The identification of assets for the Basin Plan was completed prior to the release of the national HEVAE process. However, the MDBA process was
consistent with the national framework. The MDBA process was reviewed by CSIRO and the indicator method to identifying indicator environmental
assets was found at that time to be “an appropriately pragmatic approach” to assess overall environmental water requirements.

Classification and mapping of aquatic
ecosystems in the two focus regions and
across the northern Basin (Project 1).
Creation of species (faunal and floral)
distribution maps for the northern Basin
(Project 4).

1b. What additional
information is available for
identification of key
environmental assets, and
what knowledge gaps exist?

Additional information
Since the development of the ESLT process, there have been developments in methods to identify high value wetlands and rivers. Particularly, the
use of a prioritisation process that ranks wetlands and rivers according to values is now accepted practice. In addition, a number of parallel projects
have been used to identify high value wetlands and rivers across the northern Basin, and in particular in the two focus regions (Condamine-Balonne
and Barwon-Darling), which could be used to supplement the identification of key environmental assets. Also an interim inventory and classification
of wetlands across the Basin has been developed. This could help to refine the identification of key environmental assets.
Knowledge gaps
Despite the new inventory and classification of rivers and wetlands, there are still gaps. A lack of wetland mapping and inventory in the NSW
portions of the two regions severely hampers the identification of assets. Comprehensive knowledge of the ecological values of wetlands across the
NSW portion of the two regions is another knowledge gap which limits the ability to accurately identify key environmental assets. This review has
recommended further research and investigations to address these knowledge gaps, which will be considered by the MDBA.
The three assets (Lower Balonne Floodplain, Narran Lakes, Barwon-Darling River) undoubtedly represent high value ecosystems. Whether they
adequately represent the flow requirements of key environmental assets of the two focus regions is less certain. This level of uncertainty is most
apparent in the Condamine-Balonne region where the two indicator environmental assets are both located in the lower reaches of the system. The
environmental asset of the Barwon-Darling is representative of this portion of that river system.

Classification and mapping of aquatic
ecosystems in the two focus regions and
across the northern Basin (Project 1).
Creation of species (faunal and floral)
distribution maps for the northern Basin
(Project 4).

Complete wetland inventories with a consistent ecosystem classification
Additional information
As stated above, there is now an interim classification and inventory of aquatic ecosystems across the Basin that provides additional information on
the location and types of rivers and wetlands.
Knowledge gaps
The development of inundation models remains a significant gap, which the MDBA is currently filling. The development of such models for the two
focus regions would reduce existing uncertainty regarding the ability of three indicator environmental assets (Lower Balonne Floodplain, Narran
Lakes and Barwon-Darling River) to adequately represent the water regime requirements of key environmental assets in the two regions.

Mapping and modelling patterns of
hydrological connection and inundation on
the Lower Balonne floodplain and BarwonDarling River systems (Project 2).

2a. Do the selected indicator
environmental assets
represent the water
requirements of the key
environmental assets of each
of the regions (i.e. the
Condamine-Balonne, and
Barwon-Darling Rivers)?
2b. What additional
information is available for
identification of indicator
environmental assets, and
what knowledge gaps exist?

Mapping and modelling patterns of
hydrological connection and inundation on
the Lower Balonne floodplain and BarwonDarling River systems (Project 2).
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A key finding of this review with respect to environmental assets is that although a robust process
was implemented to identify assets, this was hampered by several knowledge gaps with respect to
aquatic ecosystem mapping and classification (Table 12). As a result there is uncertainty as to
whether indicator environmental assets, particularly in the Condamine-Balonne represent the flow
requirements of all key environmental assets in this system. It is tempting to recommend a HEVAE
process for the northern Basin that uses the recently released national framework (Aquatic
Ecosystem Task Group 2012) building on the lessons learned during trials in the Lake Eyre Basin and
northern rivers (both areas of poor data availability). However, the value of this project at this stage
is not certain, with a substantial commitment and effort already being expended on existing
indicator environmental assets and hydrologic indicator sites. It is recommended, however, that
indicator environmental assets are re-assessed in light of more comprehensive mapping and
classification of aquatic ecosystems in the northern Basin. In particular there is a need to consider
the aquatic ecosystems in the north of the Condamine-Balonne catchment that are unlikely to be
represented by the indicator environmental assets located below St. George.

5.1.2 Objectives, targets and hydrologic indicator sites
Table 13: Summary of findings of this review and relevant recommendations and research
priorities associated with the objectives, targets and hydrologic indicator sites.
Key questions for
Summary of review findings
Research priorities
science review
3a. Are the ecological
objectives and targets
for indicator
environmental assets
consistent with Basin
Plan objectives?

The ecological objectives and targets
selected for the northern Basin broadly
reflect the objectives of the Basin Plan.

No direct research priorities
have been identified for this
step in the ESLT process.

3b. How could the
development of
ecological objectives
and targets be
improved?

The ecological objectives and targets could
be improved by writing them in a way that
allows for easier assessment of their
achievement through water management,
by making them specific, measureable,
achievable, relevant and time-bound
(SMART). This will require the filling of
some of the key data gaps identified in the
report (e.g. inundation modelling,
vegetation mapping). Further work to fill
these information gaps is recommended,
and the MDBA has advised that inundation
mapping and development of vegetation
mapping is currently underway.

No direct research priorities
have been identified for this
step in the ESLT process.
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Key questions for
science review

Summary of review findings

Research priorities

4a. Do the selected
indicator sites (i.e.
flow gauge locations)
adequately represent
flows across the
indicator
environmental assets?

The hydrologic indicator sites (gauge
stations) were selected based on a robust
process and relevant information.
However, the science panel noted two
points:
1. There is some doubt about the
adequacy of the single
hydrological indicator site on the
Culgoa River to capture all the
water requirements of the Lower
Balonne Floodplain and further
work potentially needs to be
focussed here; and
2. The three hydrological indicator
sites on the Darling River are
downstream of the beginning of
the environmental asset and it is
unclear how they represent the
water requirements of upstream
locations on the Barwon River.
Further work examining the hydrological
data is recommended to determine the
need for additional hydrologic indicator
sites in these two focus areas.

Mapping and modelling
patterns of hydrological
connection and inundation on
the Lower Balonne floodplain
and Barwon-Darling River
systems (Project 2).
Modelling changes in
hydrological setting: modelling
current changes compared with
past conditions (Project 3a) and
modelling future projected
changes associated with climate
change (Project 3b) for the
Lower Balonne floodplain and
Barwon-Darling River systems.

While the review found that the ecological objectives and targets at the three indicator
environmental assets were consistent with Basin Plan objectives, they were considered to be too
broad to be easily measureable. It is recommended that future iterations consider making more
specific and measureable objectives and targets for indicator sites. In addition, to be monitored and
evaluated, the site-specific ecological targets relating to aquatic fauna need to be focused either at a
species or at least within a functional grouping of species. For example given the presence of 23
native fish species in the northern Basin, and thus a wide range of ecological traits it is illogical to
expect that a given SDL will meet the needs of all fish species or a significant subset of them.
For future understanding of the success of SDL’s it would be prudent to set up a number of
permanent monitoring sites to be able to measure the success or otherwise of any changes to flows
via reductions. This should include sites removed from the SDL process as a baseline for no
hydrological change. Such sites could be found in the Warrego catchment, with both in-channel,
floodplain and terminal wetland sites that would be representative of the three EWR sites in this
project. It would also be of use to target regions where the vulnerable species could be found to
help understand how they respond to flow under less-regulated conditions. From an economic point
of view it would also make sense to set up monitoring sites where other research is being done so
research groups could pool resources, such as Toorale, which will be a CEWH monitoring site for at
least the next five years.
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5.1.3 Flow indicators to meet ecological objectives and targets
Table 14: Summary of findings of this review and relevant recommendations and research priorities associated with the determination of flows required to meet ecological objectives and targets in the Condamine-Balonne,
Barwon-Darling Rivers).
Key questions for
science review
5a. What
knowledge needs
are desirable to
determine
required flows?

Summary of review findings

Recommendations and research needs

The science panel identified four key questions that would inform the development flow requirements:
 Baseline ecological data (for each indicator site): What ecological components are present? How are they distributed? How do they vary in character
and condition in space and time?
 Flow-ecology relationships: How are the ecological components (physical habitat, vegetation, aquatic communities and waterbirds) likely to respond
to flow?
 Flow attributes: Which particular flow attributes or components (e.g. cease to flow, baseflow, freshes, bankfull, overbank) relate to the water
requirements of the different ecological components for each indicator site?
 Other factors: What other factors influence the ecological components responses to flow?

Flow-ecology models for specific plant species (e.g. coolibah
and lignum) as well as vegetation communities (e.g. riparian
river red gum community) (Project 5).
Flow-ecology models for endangered or threatened aquatic
fauna as well as well as specific guilds (Project 6).
Flow-ecology models for successful waterbird breeding and
recruitment at specific locations (Project 7).
Understand the effects of other factors such as carp and
land-use on the response of biota to flows (Projects 8 and 9).

5b. How relevant
was the
knowledge used
in determining
flow
requirements?

In general, the knowledge used in determining flow requirements was based on the best available information at the time that the Basin Plan was made.
However, the following points can be made:
 Much of the best available information related to the responses of biota to flow, is based on studies conducted in the southern Basin and their
relevance to the northern Basin is assumed or unknown.
 Knowledge of flow relationships used by the MDBA in determining flow requirements at the relevant hydrologic indicator sites has only been applied
to vegetation and waterbirds.
 The flow attributes considered by the MDBA to date are predominantly associated with flow magnitude (or volume), duration and frequency. The
spatial and temporal complexity (e.g. seasonal timing) of flows across the two focus regions is largely assumed to be accounted for by the
unregulated rivers of the northern Basin.
 There is limited knowledge concerning the relationships of other potential ecosystem drivers such as weather, groundwater and land use with flow
and their effects on ecological responses to flow. This lack of information has limited the ability of the MDBA to consider the role of other factors in
influencing flow requirements.
There is some additional baseline ecological data available now that could inform flow requirements. For example, there is some additional floodplain
inundation modelling available and some large datasets for vegetation and waterbirds. However, these would require some work to make them useful
for developing flow indicators for the environmental asset sites.
There is a small amount of specific additional information and data that could be used (with additional analysis or interpretation) to inform flow-ecology
relationships. For example, some vegetation monitoring in the Barwon-Darling River provides some information about how asset plant species and
vegetation communities have responded to rewetting following drought. Also some work on native fish in the Barwon-Darling and Narran Lakes could be
a useful starting point for understanding the role of flow regulation on recruitment and the effects of other factors such as land-use change on flow
requirements.
The science panel identified the following key knowledge gaps relevant to determining flow requirements in the two regions, (together with the projects
that are designed to address these knowledge gaps):
 Baseline information of hydrology and water regimes (Projects 1, 2, 3a and 3b)
 Consistent vegetation maps with information on population structure, vegetation composition (especially understoreys) and condition (Project 4a)
 Inventories of aquatic communities in key in-stream habitats and the importance of these habitats to dispersal and population maintenance (Project
4b)
 Knowledge of waterbird habitat use and movement between habitats (Project 4c)
 Responses of vegetation communities and key plant species to flows in the northern Basin (Project 5)
 Water requirements of key aquatic fauna species and their responses to flows (Project 6)
 Knowledge of site-specific waterbird breeding and feeding cues and responses to flow (Project 7)
 Understanding of interactive effects of flow and: weather; groundwater; soils; grazing; invasive species; and landscape fragmentation and land-use
change (Projects 8 and 9).

5c. What other
knowledge is
available to
determine flow
requirements?

5d. What are the
key knowledge
gaps that might
be addressed by
further research?

Flow-ecology models for s peci fic pla nt spe cies (e.g. coolibah a nd lignum) as well as vegetation communities (e.g. ri parian river red gum communit y) (Proje ct 5).
Flow-ecology models for en dangere d or threatene d aquati c fa una as well as well as speci fic guilds (Pr oject 6 ).
Flow-ecology models for s uccess ful waterbird breedi ng and re cruitme nt at speci fic locations (Pr oject 7 ).
Understa nd the e ffe cts of other factor s such as carp and la nd -use on the res ponse of biota to flows (Proje cts 8 and 9).

Flow-ecology models for s peci fic pla nt spe cies (e.g. coolibah a nd lignum) as well as vegetation communities (e.g. ri parian river red gum com munity) (Proje ct 5).
Flow-ecology models for en dangere d or threatene d aquati c fa una as well as well as speci fic guilds (Pr oject 6 ).
Flow-ecology models for s uccess ful waterbird breedi ng and re cruitme nt at speci fic locations (Pr oject 7 ).
Understa nd the e ffe cts of other factor s such as carp and la nd -use on the res ponse of biota to flows (Proje cts 8 and 9).

Flow-ecology models for s peci fic pla nt spe cies (e.g. coolibah a nd lignum) as well as vegetation communities (e.g. ri parian river red gum community) (Proje ct 5).
Flow-ecology models for en dangere d or threatene d aquati c fa una as well as well as speci fic guilds (Pr oject 6 ).
Flow-ecology models for s uccess ful waterbird breedi ng and re cruitme nt at speci fic locations (Pr oject 7 ).
Understa nd the e ffe cts of other factor s such as carp and la nd -use on the res ponse of biota to flows (Proje cts 8 and 9).
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One of the key findings of the review was that the MDBA by and large used the best available
information in the ESLT process in the northern Basin and that significant knowledge gaps exist.
However, there have been some more recent studies that could help refine the ESLT and SDLs and
there is a substantial resource available from remote sensing data that, with additional processing,
could go some way to filling some of these knowledge gaps, particularly in relation to the
distribution and condition of biota in the indicator environmental assets.
The role of the seasonal timing of flows (or drying) and antecedent conditions (e.g. time since last
flood and recent flood history), as well as significant covariates (such as the presence of in-stream
barriers that restrict movement of fish species) that will act to mediate or dampen any expected
positive effect of flow events.
Further, it would also seem prudent to at least ensure the SDLs are going to meet the needs of the
most vulnerable species. Across the three indicator environmental assets it would be useful to have
a good understanding of current distributions of at least the vulnerable species to help inform what
watering actions could assist in their persistence.

5.2 Research priorities
Knowledge gaps pertaining to the science needed to determine water requirements for key
ecological components for the indicator environmental assets are identified in Section 4.5 These
knowledge gaps relate to the three major types of knowledge identified as desirable (i.e. baseline
ecological data, ecohydrological relationships and significant covariates; Section 4.5), and were also
identified where relevant in relation to the key ecological components (i.e. physical habitat, riparian
and floodplain vegetation, aquatic communities and waterbirds). The knowledge gaps identified in
Section 4.5 were assessed by the science review team according to six criteria (see Appendix 3) as
follows:
1. Their relevance to the ESLT process:




High: knowledge would be directly relevant to development of quantitative, spatially explicit flow
indicators;
Moderate: knowledge could be directly relevant to development of flow indicators, especially if
combined with other knowledge; and
Low: knowledge of indirect relevance to development of flow indicators, i.e. provides greater
conceptual understand.

2. Levels of existing knowledge:




High: knowledge gap could be addressed through synthesis or analyses of existing datasets and is
supported by strong ecological understanding in general or for other regions;
Moderate: knowledge gap could be partially addressed through synthesis or analyses of existing
datasets or is supported by good ecological understanding in general or for other regions; and
Low: knowledge gap unlikely to be addressed through synthesis or analyses of existing datasets or
is supported only by limited ecological understanding in general or for other regions.

3. The likely ecological value of the knowledge:


High: knowledge critical for understanding current ecological character and condition across
multiple ecological components;
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Moderate: knowledge moderately important for understanding current ecological character and
condition across some ecological components; and
Low: knowledge important for understanding limited aspects of current ecological character and
condition across a few ecological components.

4. The likely socio-economic value of the knowledge:




High: knowledge relates to high socio-economic value across the region;
Moderate: knowledge relates to moderate socio-economic value at multiple sites; and
Low: knowledge only has limited relevance to socio-economic values.

5. The likelihood of research generating new and useful knowledge:




High: research addressing knowledge gap associated with few risks and a high probability of
success, e.g. uses well-established methods;
Moderate: research addressing knowledge gap associated with some risks and a moderate
probability of success, e.g. may be dependent on particular field conditions (i.e. floods); and
Low: research addressing knowledge gap associated with a high degree of risk and an uncertain
probability of success, e.g. may use novel methods.

6. The timeframe to complete the research:




High: research addressing knowledge gap likely to be completed in < 2 years;
Moderate: research addressing knowledge gap likely to be completed in 2-5 years; and
Low: research addressing knowledge gap likely to be completed in > 5 years.

Criteria were populated by the project team based on literature reviews, stakeholder engagement
and expert opinion and were used to generate a broad ranking of overall priority (see Appendix 3).
Based on this assessment, research priorities were identified for each of the identified categories:
baseline ecological data; ecohydrological relationships and associated flow attributes; and significant
covariates. These are briefly described in below. The science panel recognises that the projects
designed to address research priorities are connected, with some projects relying on outputs of
others. The relationship between projects and research priorities is illustrated in Figure 10.
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Figure 10: Relationship between research projects.

Research Area 1: Understanding the hydrologic and ecologic setting of the
northern Basin
Summary and ESLT relevance:
This group of projects will provide a consistent digital inventory and classification of wetlands across
the northern Basin (Project 1) and use this information, combined with hydrological data and
inundation maps, to model persistence, connectivity and inundation frequency of key aquatic
habitats (Project 2) with the potential in the longer-term to use these models to understand
historical patterns (Project 3a) and/or future changes (Project 3b). To supplement the physical and
hydrological maps, Project 4 would provide a spatial inventory of the key ecological components.
This suite of projects could be undertaken within the two year timeframe and provide the
background for understanding and modelling (through conceptual models) changes in the key
ecological components associated with changes to the hydrological targets associated with the ESLT
process.
Project 1
Title: Aquatic ecosystem classification across the northern Basin
Priority: High
Knowledge gaps addressed (Appendix 3): Consistent aquatic ecosystem classification across the
northern Basin
Timeline: 12 months
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Relevance to the ESLT process: Understanding the diversity, distribution and extent of aquatic
ecosystems across the northern Basin is a vital first step in being able to measure the ecosystem
responses to flow changes. It is also essential for informing the selection of indicator
environmental assets that represent the flow requirements of key environmental assets within
the Condamine-Balonne and Barwon-Darling systems.
Project Description: This project would use existing spatial data (e.g. satellite imagery, LiDAR, air
photos etc.) and the current interim ANAE map of the Basin (Brooks et al. 2013) to map and
classify aquatic ecosystems in the target systems, but more usefully across the northern Basin.
Project 2
Title: Mapping and modelling patterns of hydrological connection and inundation on the Lower
Balonne floodplain and Barwon-Darling River systems
Priority: High
Knowledge gaps addressed: Baseline information of hydrology and water regimes
Timeline: 2 years
Relevance to the ESLT process: This project will provide a visual tool for understanding and
quantifying the inundation patterns and requirements of ecosystem components to support the
determination of flow requirements as part of the ESLT process. This will be crucial for
understanding the magnitude of any specific ecosystem response within the review regions that
may be associated with changes to inundation patterns and frequency of aquatic habitats.
Project Description: This project will use mapping of permanent aquatic habitats (i.e. refugia) along
with hydrological data (flow attributes including magnitude, duration, timing and frequency) to
determine the current patterns of persistence of in-stream refugia, the connectivity of in-stream
and floodplain wetland habitats, and inundation extent.
Project 3a and 3b
Title: Modelling changes in hydrological setting: modelling current changes compared with past
conditions (Project 3a) and modelling future projected changes associated with climate change
(Project 3b) for the Lower Balonne floodplain and Barwon-Darling River systems.
Priority: Moderate
Knowledge gaps addressed: Baseline information of hydrology and water regimes
Timeline: 2 years
Relevance to the ESLT process: This project would enable a comparison of conditions under a range
of scenarios (Project 3a). The project would also provide an additional resource for future
management through understanding future climate scenarios in relation to the ESLT process.
While this is not urgent in the short term, once a spatial inundation model is constructed, the
capacity to test changes in inundation associated with different discharge regimes would be a
useful management tool.
Project Description: This project will use the inundation models generated in Project 2 to undertake
scenario testing. Two different aspects of scenario testing include understanding current changes
compared with historical patterns (Project 3a) and understanding future changes under different
climate change projections (Project 3b).
Project 4
Title: Baseline inventory of environmental assets
Priority: High (Desktop Study); Moderate (Ground Truthing)
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Knowledge gaps addressed: Baseline information about the distribution and condition of vegetation
communities and key plant species; Baseline ecological information about aquatic fauna (fish,
invertebrates, frogs, turtles).
Timeline: less than 2 years for desktop study, ground truthing will take significantly longer (> 2 years)
but could be aligned with other field based projects.
Relevance to ESLT Process: An understanding of the ecosystem response to flows regained through
the ESLT process is vital for assessing the success, or otherwise, of the process. A key step in
understanding ecosystem response is to understand the spatial distribution of different
ecosystem components and how they relate to the spatial changes in expected inundation
(Project 2).
Project Description: This project would initially produce consistent digital inventories of fauna and
flora across the northern Basin using existing information and in the long-term verify this data
through ground truthing. These flora and fauna ‘maps’ could underpin a HEVAE process for the
northern Basin. This project has been divided into three sub-projects as they could each be
undertaken individually:
 Project 4a: Vegetation mapping
 Project 4b: Aquatic community inventories
 Project 4c: Waterbirds

Research Area 2: Determining ecohydrological relationships for key
ecological components
Summary and ESLT relevance:
This group of projects will use the classification (Project 1), hydrological understanding (Project 2
and 3) and digital inventories of ecological component distribution (Project 4) combined with some
focussed field based studies to develop ecohydrological relationships for key ecological components;
vegetation (Project 5), aquatic communities (Project 6) and waterbirds (Project 7). Initial broad
relationships for vegetation and waterbirds could be undertaken as desktop studies within the two
year timeframe and provide the background for targeted longer-term studies to understanding
population and community changes associated with changes to the hydrological targets associated
with the ESLT process. For the aquatic species initial field based sampling at targeted sites would
provide initial information which could be supplemented in the longer term by further field based
sampling.
Project 5
Title: Vegetation ecohydrology
Priority: High (Desktop Study); Moderate (Ground Truthing)
Knowledge gaps addressed: Responses of vegetation communities and key plant species to flows in
the northern Basin, relationships between the distribution and condition of vegetation
communities and water regimes.
Timeline: This project would initially combine the hydrological understanding obtained in Project 2
with the vegetation maps generated in Project 4a to provide initial information on the
ecohydrological response of vegetation across the review regions, this would be a desktop study
and develop ecohydrological relationships at community / landscape scale (<2 years). A second
larger component would be field based and validate detailed relationships and use these findings
to develop stronger species based ecohydrological models (<5 years).
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Relevance to ESLT Process: The targeted hydrological components in each of the indicator
environmental asset areas have been chosen to fulfil the hydrological requirements of key
ecological components, of which vegetation is one. An understanding of the response of the
ecological components to specific flows will be important in interpreting the success or otherwise
of hydrological changes associated with the ESLT process.
Project Description: This project would contain two components, a desktop component that would
use the hydrological information from Project 2 and the vegetation inventory from Project 4a to
provide an initial understanding of the ecology (including tolerances to different flow events) of
specific species including specific ecohydrological relationships across the northern Basin (with a
priority for coolabah).
Project 6
Title: Ecohydrological relationships of aquatic fauna within the two review regions
Priority: High
Knowledge gaps addressed: Water requirements of key aquatic fauna species and their responses to
flows.
Timeline: This would need to be a field based project focussed on sites within the environmental
asset areas of the Lower Balonne and the Barwon-Darling. This could initially be undertaken at a
few key locations within the environmental assets reflecting high value areas and broadened over
the longer term to include the full suite of wetland types identified by Project 1. Initial
information for key species at selected sites could be completed in less than two years. The
outcomes would then be used to incorporate more medium term (< 5 years) findings to develop
stronger species based ecohydrological models for particular species. Given the high variability of
flows within these systems any sampling program would need to be mindful of not receiving a
required range of flows during the project funding cycle, so contingency plans to include
sampling locations outside the three review regions should be included in the design.
Relevance to ESLT Process: The targeted hydrological components in each of the indicator
environmental asset areas have been chosen to fulfil the hydrological requirements of key
ecological components, of which in-stream aquatic species are included.
An understanding of the response of the ecological components to specific flows will be important in
interpreting the success or otherwise of hydrological changes associated with the ESLT process.
Project Description: This project would initially develop a priority list of species to target for specific
research needs in relation to ecohydrological response across the northern Basin. For fish, these
priority species should include all threatened and endangered species (e.g. silver perch) and
species that will represent greater groups (guilds – e.g. spangled perch could represent the flow
responsive fish species). Other aquatic species of interest would include the freshwater mussels
and the decapod crustaceans, which provide a significant food source for larger fauna. The
project could use the classification of wetlands (Project 1) to select sites that cover the range of
different aquatic habitat types within the northern Basin. The project would research (i) patterns
of distribution and abundance (and population attributes including size structure) across
appropriate spatial and temporal scale to develop ecohydrological models (for individual species
and species guilds) and (ii) environmental cues (including various aspects of flow – timing,
duration, magnitude) associated with movement for aquatic species. To gain a complete
understanding of the relative importance of hydrological components in the ecological responses
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of key species analyses should also incorporate different covariates such as landuse and instream and floodplain barriers to movement.
Project 7
Title: Response of waterbirds to hydrological components.
Priority: High
Knowledge gaps addressed: Location of important waterbird sites (outside the Narran Lakes) and
responses of waterbirds to patterns of flows.
Timeline: This could initially be undertaken as a desktop study in less than 2 years after completion
of Project 2 with recommendations to develop site-based long-term studies.
Relevance to ESLT Process: The targeted hydrological components in each of the indicator
environmental assets have been chosen to fulfil the hydrological requirements of key ecological
components, of which waterbird persistence and breeding is one. An understanding of the
response of the waterbirds, breeding and successful recruitment to specific flows will be
important in interpreting the success or otherwise of hydrological changes associated with the
ESLT process.
Project Description: This project would use the map of waterbird distributions and waterbird
breeding habitat distribution based on past surveys generated as part of Project 4c and relate
these distributions to past hydrological records (Project 2).
This would provide site-based assessments of important waterbird sites to determine flow
thresholds for waterbird presence and reproduction; landscape-scale assessment of habitat use
by waterbirds in relation to larger spatial and temporal patterns in water availability and flow
conditions and an initial determination of habitat requirements (e.g. vegetation structure) for
waterbird breeding and feeding at site and landscape scales (i.e. patch dynamics).

Research Area 3: Covariates that may override or diminish outcomes of the
ESLT process
Within the Basin Plan, through the application of Sections 21 (1) & (2) and 22(9)-(12) of the Act, flow
restoration through the improved use and management of water resources is the only lever that can
be manipulated. Within the three review regions the ESLT process specifically identifies flow as the
main stressor and provides a mechanism to restore aspects of the flow regime to wetlands (inchannel and off-channel) including significant floodplain inundation. Flow is not the only stressor
acting on the aquatic ecosystem within the review regions and it does not act in isolation. These two
projects focus on two significant stressors that may interact with changes in flow to significantly
reduce the expected ecosystem response of any flow restoration measures.
Project 8
Title: Impacts of carp on aquatic fauna in the northern Basin.
Priority: Moderate
Knowledge gaps addressed: Distribution and effect of carp on the responses of aquatic fauna to
flows.
Timeline: This project would involve both a desktop and field (experimental) component. The
desktop component which would produce an inventory of carp hotspots and an initial summary
of likely impacts to aquatic species based on current datasets could be completed in <1 year. The
experimental/field aspect could be completed in < 2 years.
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Relevance to ESLT Process: Carp are a known stressor for both individual species and aquatic
ecosystems in general. Across the whole Basin they have a significant presence, particularly in
lowland aquatic habitats, dominating fish biomass in many regions. They achieve large numbers
through high reproductive output and growth rates and as such they represent a significant
component of aquatic secondary production. They are highly responsive to flow (breeding and
movement) and hence, any change to flow regimes as an outcome of the ESLT process may
provide a significant advantage to these fish over other native aquatic fauna. As such, they could
significantly reduce any expected outcomes of flow restoration for aquatic ecosystems. An
understanding of both the nature of impacts on aquatic fauna (e.g. is it the same as found in the
southern Basin?) and how to best manage such impacts will be important in interpreting the
success or otherwise of hydrological changes associated with the ESLT process on aquatic fauna.
Project Description: This project would initially develop an inventory of carp hotspots (this could be
achieved through interrogation of current datasets) to investigate likely areas to target for
specific management. Further interrogation of these datasets could also elucidate species that
are more impacted by carp than others (particularly threatened species).
In order to understand how carp impact on native species an experimental programme should be
undertaken to examine how carp at varying densities impact on both ecosystems (e.g. foodwebs, nutrient and sediment dynamics) and directly on aquatic species themselves.
Experimentation could be undertaken in both filed situations where carp are absent v present
under varying density and additionally in mesocosms where carp densities can be controlled.
Project 9
Title: Impacts of land-use on floodplain vegetation condition and flood response.
Priority: Low
Knowledge gaps addressed: Interactive effects of weather, grazing and groundwater availability on
vegetation responses to flow.
Timeline: 2-5 years
Relevance to ESLT Process: Knowledge yielded by this project would inform an understanding of
spatial and temporal differences in riparian and floodplain vegetation responses to flow in
different locations as a result of other constraints.
Project Description: This project would involve desktop analyses of satellite imagery and other
spatial data products (e.g. land use maps, LiDAR) in combination with products from project 4a
and some ground-truthing. The aim would be to identify how important patterns of land use and
vegetation fragmentation are in determining riparian and floodplain vegetation condition and
responses to flooding. The project could be easily conducted in conjunction with Project 4a using
compatible datasets and methods with the added consideration of vegetation condition (e.g.
using NDVI or other indices of vegetation condition).
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APPENDIX 1. Summary of stakeholder engagement
A1A. Summary of Issues Raised at the Initial Stakeholder Meetings
Bourke, 1st May 2013:
Science Knowledge Gaps:
 The main issue discussed was the role of carp in causing declining health or prohibiting a
response from flow restoration (SDL process). It was noted that there are abundant carp
in the river, whereas native fish dominate in irrigation dams – why? Carp are associated
with the demise of in channel macrophytes. Carp seem to do better after large flood
events, when they build up in big numbers and totally dominate. Where are they coming
from, what is allowing them to build up into big numbers?

Walgett, 1st May 2013
Science Knowledge Gaps:
 How sensitive are the SDL models to different land use types - do the models need to be
tweaked to better represent land use change. What advantage is there when the land
switches from irrigation through harvesting to grazing, where the flood waters would sit
on the floodplain anyway - but would actually pass down the system and less would be
lost through transmission compared to floodplain harvesting.
 Water quality issues - issues with water quality and particularly increased turbidity
related to land use - certain types of land management cause declines in water quality,
also temporal factors such as rainfall after dry times and rainfall when there is feed on
the land.
 Carp management again, carp breeding in wetlands, carp perceived as contributing to
poor water quality

St George, 2nd May 2013
Science Knowledge Gaps:
 Waterholes, importance, location, depth, distribution
 Environmental flows to address multiple outcomes, eg fish and stock and domestic, ie
coordinating flows for efficient use, augmenting stock and domestic?
 Environmental works and measures
 How does vegetation change over time?
 Moving baselines
 There are multiple things influencing environmental outcomes (eg water bird breeding or
carp impacts on native fish)
Science process issues:
 Previous studies and community input
 Open for all - how?
 Local knowledge and expertise

A1B. Summary of State agency workshop
Sydney 20th August 2013
State Agency Scientists from Qld (DSITYA & DNRM) and NSW (NSW Fisheries, OEH & NOW)
 Summary of the northern Basin project was presented with some discussion around this.
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DSITYA presented an in-depth review of their 4PAC Water Resource Plans and how this
might relate to the Northern project
NOW discussed where any similarities that were aligned with the 4PAC Plans
NSW Fisheries provided a short summary of their report commissioned by MDBA –
“Flows for Fish Recruitment in the Barwon-Darling River”

A1C. Summary of regional stakeholder workshop
St George 26th August 2013
Workshop activity conducted: “Elucidating Local Knowledge of Aquatic Ecosystem Response
to Flow in the Northern MDB”
Science Knowledge Gaps identified:
 Flow and flood extents modelled (e.g. development and buyback effects on Narran
inundation, effects on waterhole filling and drying)
 What are triggers of bird breeding? (bird breeding event at Narran triggered by 60,000ML
at St George)
 80% of the time, you get less than 50% of flows past St George
 Work done to support water sharing plan (~15 years ago?)
 Narran channel – 5,000 ML = full channel and a bit
 Effects of antecedent conditions on flow triggers and flood extents, e.g. floodplain
infiltration
 Have flood events changed? Physical form and distribution of flood waters changed in
time?
 {Myths and facts about Australian Water – Australian Water Institute: once you access
>15% of river water = negative impact, >30% danger country)
 Ecological (& socioeconomic) value of Narran floodplains (in relation to terminal
wetlands?)
 waterhole persistence at landscape scale – number and position of waterholes remaining
under different scenarios?
 How does stocking rate influence flood patterns?
 How connected are fish populations during floods? Where do fish come from that reach
Maranoa after long periods of dry?
 What drives fish movement?
 How important are upstream reaches (Carnavons etc.) for sources of fish recolonisation
in response to re-wetting after dry periods?
Observations of low flow responses:
In rivers and waterholes:
 High turbidity, and no fish catch during dry years prior to last flood event; following floods
returned to conditions of 30 years ago (upstream of St George) (e.g 60 pound yellowbelly
30 years ago none heard of more recently)
 Following recent floods, channel form has changed, siltation, (Knowledge gap:
importance of rain)
 blackwater event in 2011 has led to few fish in downstream areas
 observations of waterholes fished out
 tree health with new growth following floods and in flood runners close to channel
downstream and upstream but not 20-30m out onto the floodplain
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coolibahs dying on floodplain during drought, differences in drought response between
floodplain zones, e.g. historically frequently flooded coolibahs more stressed and more
mortality during drought than higher on floodplain where trees rely on rainfall
what about macroinvertebrates? (very different between low and high flows)

In floodplains and terminal wetlands:
 recent floods left lower floodplains in good condition but not persistent – to shallow
moisture and lack of follow up rainfall
 low-lying depressions – old lake beds, old channels (e.g. Policeman’s lagoon) – veg won’t
respond to rain, only floods
 post-flood rainfall critical for vegetation persistence
 where there’s heavy tree growth, dams fill up but where there’s grass, no filling?
 Therefore, stocking rate may have an effect on flow out of pasture areas
 Coolibah and lignum represent regular flooding
 High turbidity, and hardly any fish catches during dry years prior to last flood event;
following floods returned to conditions of 30 years ago (upstream of St George) (60pound
yellowbelly 30 years ago)
 Mortality of riparian trees (into channel) & understorey grasses
 Fish movements observed
 Condamine is slowest flowing river, flow rate important determinant of floodplain
inundation extent, Maranoa flows fast therefore larger flood extents
 1,000s and 1,000s of pelicans at St George recently
 Criticality of waterholes in Darling for fish
 Noogoora burr increased in some areas following recent events
 Different exotics after each flood, e.g. native tomatoes following recent events
 Localised regeneration of coolibah in patches and high water mark along dunes

A1D. Summary of Researchers’ forum
Attendees: Stephen Balcombe (Griffith); Kate Brandis (UNSW); Ian Burns (MDBA); Bruce
Chessman (NSW OEH); Neal Foster (NOW); Paul Frazier (EcoLogical); Jennifer Hale
(Independent ecologist); Jon Marshall (DSITIA); Andrea Prior (DNRM); Gavin Pryde (MDBA);
Jane Roberts (Independent Ecologist); Rob Rolls (Griffith University); Darren Ryder (UNE);
Fran Sheldon (Griffith); Neil Sims (CSIRO); Mark Southwell (UNE); Ben Stewart-Koster
(Griffith University); Martin Thoms (UNE)

Brisbane 3rd September 2013






Introduction to science review and progress
Roundtable discussion by breakout groups
Connectivity in the northern MDB and importance to SDLs
Issues of multiple stressors and importance to SDL’s
Knowledge of resilience in the northern Basin and importance for SDLs
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APPENDIX 2. Literature reviews
A2A. Physical landscape structure and habitat
Fran Sheldon, Australian Rivers Institute

A conceptual model of aquatic ecosystem function
The Generic Aquatic Ecosystem Model (Figure 1) describes the interactions between natural
drivers of aquatic ecosystems and the influences of human induced pressures on ecosystem
responses in aquatic systems. Within this model the natural drivers influencing the physical
and chemical habitat available for aquatic flora and fauna, including the geomorphological
setting at a range of scales (broad landscape, channel form and substrate type) and water
quality, are climate, geology and rainfall. These natural drivers are anthropologically
influenced by changes in land-use, mostly deforestation changing rainfall-runoff ratios,
changes in water use influencing hydrology and broader changes to the spatial and temporal
patterns of rainfall through anthropogenic climate change. These natural drivers and human
pressures can either directly influence the ecosystem through the availability of physical
habitat and primary water quality or through a series of “stressors and disturbances” which
include changes in the natural flow regime (Bunn and Arthington 2002), changes to erosion
and deposition processes (Thoms and Sheldon 2000), changes to biogeochemisty (e.g.
increasing nutrients resulting in algal blooms) (Bowling and Baker 1996), increasing impacts
from invasive taxa (Koehn 2004), changes to fire regime within catchments resulting in
altered carbon flow to aquatic systems (Chessman 1986) and many other stressors that can
mediate on aquatic ecosystems. It is within this broad and linked framework of natural
drivers combined with their anthropogenic pressures that any specific influence of
hydrological change and ecosystem response in aquatic ecosystems needs to be considered.
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Figure 1: Generic aquatic ecosystem response model outlining the relationships between
the natural key drivers of ecosystem function in aquatic systems, the pressures causing
change, resulting stressors and disturbances and the ecological components of an aquatic
ecosystem.
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Hydrology
Context
The northern Basin includes the northerly tributaries and streams draining into the BarwonDarling River, these tributaries include the Condamine–Balonne, Macintyre, Gwydir, Namoi,
Castlereagh and Macquarie Rivers draining east from the western margins of the Great
Dividing Range while the Warrego and Paroo Rivers have their headwaters in the more arid
west and drain in a generally southerly direction (Thoms et al. 1996). Rainfall across the
region tends to decrease westward from 1200 mm in the headwaters to 200 mm at Broken
Hill in the extreme west (Thoms et al. 1996). While the northern Basin is characterized by
extreme hydrological variability (Puckridge 1999) flows in the Barwon–Darling display some
seasonality with higher flows usually occurring during the summer months (December–April)
coinciding with tropical depressions (Thoms and Sheldon 2000, Leigh et al. 2010). Within the
Barwon-Darling catchment there are nine major headwater dams and 15 main channel
weirs, constructed to assist in providing water for urban, stock and domestic purposes, along
with numerous small weirs on tributaries and anabranch channels (Thoms and Sheldon,
2000). Flows in the whole northern Basin, apart from on the Paroo River, are also modified
by large-scale water abstractions for irrigation. Thoms and Sheldon (2000) compared the
scale of the irrigation abstractions from the recorded 1997/98 volume from the Darling
catchment (2074 Gl; MDBC, 1998) with the long-term annual mean flow at Wilcannia (2370
Gl) to show that in 1997/98 diversions from the river accounted for 87% of the long-term
mean annual flow. This was also reflected in the relative surface water use assessment for
the Sustainable Yields project (CSIRO 2008) which suggested that nearly all the tributary
rivers in the northern Basin (apart from the Paroo and Warrego) had relative levels of
surface water use in the moderately high to extremely high categories.
The hydrological changes occurring in the northern Basin associated with the off-stream
storage of water and the resultant pumping during flow events are both spatially and
temporally complex. All the main tributaries of the Barwon-Darling River have ‘sponge’-like
wetlands within their lower reaches; for example, the Gwydir River has the Gwydir Wetlands
in its lower reaches, the Macquarie Marshes occur on the lower Macquarie River, the
terminus of the Condamine-Balonne system includes the wetlands of the lower Balonne
floodplain and the Narran Lakes, the Paroo has the lower Paroo Wetlands, while the
Macintyre and Weir River wetlands occur along the Border Rivers (Leigh et al. 2010). Even
the Barwon-Darling River has Menindee Lakes which historically acted as a large ‘sponge’like wetland composed of a series of lakes of different flooding frequency, similar to the
Coongie Lakes on the lower Cooper Creek in the Lake Eyre Basin (Leigh et al. 2010, Puckridge
et al. 2010). These wetlands act as hydrological ‘sponges’ within their respective riverfloodplain networks, retaining water for varying durations before completely filling and
releasing water to the channels downstream (Leigh et al. 2010). The impact of changing the
frequency of flows to these wetlands through water resource development is demonstrated
in Figure 2.
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Figure 2: Sequential flooding: conceptual diagram for major tributaries, rivers and
wetlands of a large river system (e.g. Murray–Darling Basin). In the left panel, from top to
bottom, a 5-year sequence of a dry year, three floods and another dry year is depicted
under natural (anthropogenically unmodified) flow conditions, where floodplain and
terminal wetlands (closed circles) are progressively filled from uplands to lowlands (thick
lines). This culminates in major flooding of rivers and wetlands in the third flood year,
followed by a year of receding in-channel water levels but sustained aquatic habitat in the
wetland refugia. This is contrasted with the same sequence under an irrigation scenario:
upland wetlands are filled during the first flood year, but water is removed for irrigation
(closed rectangles) so that lower wetlands do not fill and major flooding of the system
does not eventuate, even after three consecutive years of upland flooding. From Leigh et
al. (2010).
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Existing baseline data
In-channel flow pulses are relatively well gauged across the northern Basin. There are a
large number of flow gauges with real time data readily available for streams and rivers in
both New South Wales and Queensland (http://waterinfo.nsw.gov.au/;
http://watermonitoring.derm.qld.gov.au/host.htm). Both NSW and Qld use an Integrated
Quantity and Quality Model (IQQM) to assess the impacts of different management
strategies on water users. For specific river valleys the IQQM models simulate the major
hydrological processes and associated relevant management rules and have been developed
to reproduce average long term hydrological behaviour for planning purposes rather than
specific individual daily flow behaviour in any particular year or forecast any future year.
See the NSW Office of Water ‘River Systems’ webpage for more information
(http://www.water.nsw.gov.au/Water-Management/Modelling/Riversystems/default.aspx). In NSW further models of gauged data have been developed to help
understand the impacts of future climate change scenarios on runoff and therefore
streamflow. See the NSW Office of Water ‘Climate Change’ webpage for more information
(http://www.water.nsw.gov.au/Water-Management/Modelling/Climatechange/default.aspx). At a broader scale the CSIRO Sustainable Yields project has explored
the impact of future climate change, catchment development and changed groundwater
usage on the availability of surface water in the Murray-Darling Basin including the northern
Basin (CSIRO 2008). It is therefore reasonable to suggest that our understanding of inchannel surface water hydrology in the northern Basin is robust and there is a good
understanding of the impacts of the changes that have occurred in in-channel flows
associated with land-use change and water resource development, and there is an emerging
understanding of the future impacts on in-stream flows associated with different climate
change scenarios.
What is lacking in this hydrological context, however, is the spatial extent of ‘flow pulses’ as
they occur down different river systems; and, when it does occur, the spatial extent of
overbank flooding in the northern Basin. The hydrological understanding as outlined above
is very specific to temporal changes in flow height or discharge, rather than the more
complex three-dimensional aspect of inundation and connectivity through river networks.
The Murray-Darling Basin Floodplain Inundation Model (MDB-FIM1 and MDB-FIM2)
developed by CSIRO has attempted to document the inundation patterns associated with
different flow events across the Murray-Darling Basin and build a model that allows
prediction of changes to flood extent based on the different scenarios developed as part of
the CSIRO Sustainable Yields Project (CSIRO 2008). Prior to the development of MDB-FIM1
no model of flooding existed for the Murray‐Darling Basin. MDB-FIM1 and updated in MDBFIM2 was produced from satellite imagery and other available floodplain and wetlands
inundation mapping (Chen et al. 2012; available at http://www.clw.csiro.au/products/mdbfim/). While the development of MDB-FIM2 is significant for understanding floodplain
inundation within the northern Basin the pixel size of the MODIS data used (between 250
and 500m) means the spatial extent of moderate flooding events is probably not well
captured. This is significant for understanding the proposed changes associated with the
SDL process in the northern Basin as the potential changes in floodplain inundation
associated with increased flows within the northern Basin will be at the moderate flow band
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and understanding changes at the floodplain scale at smaller resolutions may be important.
The MDB-FIM2 model also does not spatially map the extent of channel connection under
moderate flow pulse events, being more focused on inundation. So while this modelling
product is significant for understanding floodplain and terminal wetland filling and
inundation during floods of different magnitudes it is unlikely to be sensitive enough to
detect changes associated with the SDL adjustment process.
Covariates influencing hydrology
In natural systems a combination of forest cover, rainfall and climate variables influence the
natural hydrological regime. However, in human disturbed systems differential pressures
can change hydrology in different ways. In the northern Basin human induced pressures
include changes to the natural hydrology, through both direct and indirect means: directly
through in-stream storages (weirs) and pumping to off-stream storages and indirectly
through land-use change and in the longer-term climate change.
While land use change in the northern Basin has not been as extensive as elsewhere there
has still been a decrease in landscape scale vegetation cover which will influence runoff
ratios. In some catchments changes to land use have been more intense, forest cover has
been converted to predominately agriculture. Not only does agriculture potentially change
flow patterns (see below) there is also the potential increase of pollutants from insecticides
and fertilizers into the adjacent river system. Pollutants can alter the water chemistry within
the water column, which in turn influences aquatic biota and these impacts follow through
the food chain (Caitcheon et al. 1995, Oliver et al. 2004). Increases of certain nutrients can
cause algal blooms (Caitcheon et al. 1995, Hart et al. 1995). When significantly large these
blooms can affect water quality making the area downstream and around the bloom
dangerous to both aquatic and terrestrial biota (Caitcheon et al. 1995, Oliver et al. 2004).
Hydrologically the most significant changes in the northern Basin have been through water
resource development. Dams and weirs in the lower Balonne change the flow dynamics
both above and below the obstruction (Gehrke and Harris 2004, Rogers et al. 2010) as do
the series of weirs on the Barwon-Darling. Above the obstruction the river is changed into an
artificial pool providing habitat for aquatic biota, however, as these pools can be deeper
than they would occur naturally in this system, water temperatures can be lower than those
required for native fish spawning triggers. This can also have an effect downstream, when
this cooler water is released from these dams (Green et al. 1998, Gehrke and Harris 2004).
Below the weir, natural flows are artificially lowered, changing the existing habitat for both
aquatic and terrestrial biota. Weirs also restrict natural movement patterns for aquatic biota
both upstream and downstream of the weir (Harris 1995, Green et al. 1998, Gehrke and
Harris 2004, Rogers et al. 2010). This affects ecosystem processes and alters food chains by
restricting predator and prey interactions. Weirs also restrict the flow of water downstream
to terminal wetlands restricting natural flooding (Rogers et al. 2010, Wilson et al. 2010)
unless the channel flow is high enough to drown out the obstructing weir.
The northern Basin is also subject to considerable off-stream storage of water which impacts
not only the hydrology of flood pulses but also the inundation patterns of floodplains and
potentially the downstream distribution of water. While the impacts of off-stream storage
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on the river system itself are not as easily detected as in-channel barriers, the combined
impact of large volumes of water being removed from each flood pulse and isolation of the
river from its now developed floodplain are likely to be severe and result in reduced
productivity.

Physical habitat
Context
Scales of habitat in large river systems

Rivers can be viewed in four dimensions (cf. Ward 1989); three spatial dimensions (lateral,
longitudinal and vertical) and one temporal dimension (manifested through hydrology). The
dominance of any dimension, however, will change along the course of the river as well as
between different systems. The consideration of longitudinal, lateral and vertical linkages in
large rivers accentuates their spatial form. Main-channel - floodplain complexes in large
rivers (such as those of the northern Basin) have evolved in response to periodic flooding
(Thoms 2003). This link between physical form and hydrology means river systems exist as
mosaics of habitat patches (cf. Frissell et al. 1986, Pringle et al. 1988), encompassing ideas
from "landscape ecology" (Forman and Godron 1986). The concept of a "patch" implies a
unit with a spatial pattern, without the constraints of size, degree of internal homogeneity
or discreteness (see Pickett and White 1985). Small patches tend to occur within large
patches which form the entities of even larger patches, or units often termed "biomes" (cf.
Gosz 1993). Such hierarchical perspectives, encompassing a number of cascading levels of
patches within the landscape (cf. Kotliar and Wiens 1990), apply to the structure of lowland
river systems such as those of the northern Murray-Darling Basin.
Patch mosaic concepts have been used extensively to describe the structure of streams
(Frissell et al. 1986, Minshall 1988, Pringle et al. 1988, Poff and Ward 1990, Sedell et al.
1990, Gregory et al. 1991). In these models hierarchically arranged patches are described
for various scales in space and time. For example, Frissell et al. (1986) started at the spatial
scale of a stream system (103 m) and extended downwards to a microhabitat system with a
linear spatial scale of 10-1 m (Table 1). On a temporal scale the hierarchy extends from 106
years to 10-1 years. Minshall (1988) further extended this notion into 16 orders of
magnitude in both space and time. This analogy began at a spatial scale of less than 0.1 mm,
in the range of dissolved organic matter, moving upwards to include the largest drainage
basins and the globe. In a temporal dimension the scale began in the range of 1 second,
insect movement dimensions, and extended to the time-frame of tectonic events (100
million years). These perspectives were modified for large rivers by Pinay et al. (1990), such
that the hierarchy extended over a useful range and included the floodplain and complex
microhabitats.
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Table 1: Habitat spatial boundaries for small stream systems. From Frissell et al. (1986).
System
Level

Capacity
time
scalea
(years)

Vertical
boundariesb

Longitudinal
boundariesc

Lateral
boundariesd

Linear
spatial
scalea
(m)

Stream

106-105

Total initial basin
relief; sea level
or other base
level

Drainage divides
and seacoast, or
chosen
catchment area

Drainage divides:
bedrock faults,
joints controlling
ridge valley
development

103

Segment

104-103

Bedrock
elevation;
tributary
junction or falls
elevation

Tributary
junctions; major
falls, bedrock
lithologic or
structural
discontinuities

Valley sideslopes
or bedrock
outcrops
controlling lateral
migration

102

Reach

102-101

Bedrock surface;
relief of major
sediment-storing
structures

Slope breaks;
structures
capable of
withstanding
<50-year flood

Local sideslopes or
erosion-resistant
banks: 50-year
floodplain margins

101

Pool/riffle

101-100

Depth of
bedload subject
to transport in
<10 year flood:
top of water
surface

Water surface
and bed profile
slope breaks;
location of
genetic
structures

Mean annual flood 100
channel:
midchannel bars;
other flow-splitting
obstructions

Microhabit
at

100-10-1

Depth to
particles
immovable in
mean annual
flood: water
surface

Zones of
differing
substrate type,
size,
arrangement:
water depth,
velocity

Same as
longitudinal

10-1

a

Scaled to a second or third order mountain stream
Vertical dimension refers to upper and lower surfaces
c
Longitudinal dimension refers to upstream-downstream extent
d
Lateral dimension refers to cross-channel or equivalent horizontal extent.
b

Headwater streams are usually small with steep gradients with small or non-existent
floodplains. Pools and riffles dominate the patch types, often differing in abiotic variables,
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habitat structure and invertebrate assemblage composition (Boulton and Lake 1992). Over
short distances small streams can display rapid downstream changes in physical and
chemical variables including temperature, conductivity, substratum type and microhabitat
composition. These characteristics suggest longitudinal linkages between pools and riffles
will dominate both abiotic and biotic processes (Vannote et al. 1980). In arid and semi-arid
areas headwater streams may be temporary and the above generalisations may not apply as
surface waters will often dry completely (Boulton and Lake 1988). In such systems, a
combination of vertical (surface-hyporheic) and longitudinal dimensions will dominate
processes. In the northern Murray-Darling Basin headwater streams range from permanent
to semi-permanent for tributaries draining the eastern side of the Basin to temporary in the
west, flowing only after rainfall.
In the lower reaches of large rivers, gradients are minimal and the floodplain is often well
developed. Although downstream changes in physical parameters exist, over short
distances the greatest changes occur laterally, between channel and floodplain habitats
(Junk et al. 1989). Backwaters, billabongs and floodplain wetlands on large river floodplains
can differ markedly in temperature, conductivity and oxygen saturation, even within 100 m
of the main-channel (cf. Sheldon and Walker, 1998). Main-channel and floodplain habitats
also contain distinct invertebrate assemblages (cf. Boulton and Lloyd 1991, Sheldon and
Walker 1998, Sheldon et al. 2002, Marshall et al. 2006, Sheldon and Thoms 2006). Lateral
linkages, between the channel and the floodplain through flooding, will dominate processes
in the lower reaches of large rivers. However, the strength of these lateral linkages will
reflect the frequency in which overbank flooding occurs. All the lowland sections of the
tributaries of the northern Murray-Darling Basin have well developed floodplains (Thoms et
al. 2004a) and thus concepts relating to floodplain rivers are relevant to these sections.
The situation in the middle sections of rivers will be complex, differing between systems
depending on stream gradient and floodplain development. Where gradients remain
relatively steep and floodplain development is restricted, longitudinal linkages between instream habitats will be significant. The other extreme is reflected in the River Murray,
Australia, where lateral linkages dominate processes in the middle river. In the 350 km
headwater region stream gradient drops from an elevation of 1500 m to 300 m (Eastburn
1990). In the middle reaches below Hume Dam changes in elevation are less, approximately
16 cm km-1 (Walker 1992), and extensive lateral floodplain forests develop (Bren 1990). This
highlights the significance of lateral water movement. Like the middle section of the River
Murray in the southern portion of the Murray-Darling Basin, the northern tributaries are
variable with respect to floodplain development in the middle reaches.
Physical habitats in the northern Basin

The natural physical landscape of the Northern Murray-Darling Basin (northern Basin) is
dominated by the semi-arid river system draining south-west into the River Murray. The
northern Basin is dominated by a number of tributaries draining in either a predominantly
westerly direction (Border Rivers, Gwydir, Macquarie, Namoi) or to the south-west
(Condamine-Balonne, Warrego and Paroo) into the Barwon-Darling River (Figure 3). The
tributary rivers of the northern Basin vary longitudinally with fast flowing rocky and gravel
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riffle zones in the high sections to deep channels and pools in lowland reaches and many
terminating in wetland complexes, while the Barwon-Darling River comprises a long deep
incised channel with higher level anabranches and floodplain waterbodies only inundated
during high flows (Thoms et al. 2004, NSW Department of Primary Industries 2007). Channel
morphology of the Barwon-Darling changes depending on location, but is dominated by inchannel depositional benches, higher floodplain benches and the floodplain itself (Thoms et
al. 2004, NSW Department of Primary Industries 2007).
Baseline data
The basic geomorphology of the northern Murray-Darling is relatively well documented in a
number of reports, book chapters and journal papers (e.g. Sheldon and Thoms 2004, Thoms
et al. 2004a, 2005); however what is poorly understood is the link between physical habitat
and flow regime at the landscape scale. Below is a brief summary of the major physical
habitats types at three scales within the northern Basin.
Microhabitats: Red Gum root masses along the banks of waterholes provide important
stabilization of the channel banks (Figure 3). When riparian zones are cleared these
stabilizing root masses are also removed and the banks can subside into the channel.
Riverbank subsidence increases after major floods and channels with reduced stability are
highly susceptible. This is particularly important below pumping sites for off channel water
storage where the rate of flood recession may be increased due to pumping, leaving water
sodden banks high above the water level (Thoms and Sheldon 2000). These subsidence
events cause major change to channel morphology and the increased sediment load in the
channel flow increases siltation and turbidity as the flow reduces. These root masses also
provide habitat for in-stream biota during low flows (Sheldon and Walker 1998) and provide
habitat for terrestrial biota with birds nesting in their trunks and tops and various reptile and
insect species living in and under their bark (Ayers et al. 2004). Other microhabitats
common within the channels of the lowland rivers of the northern Basin include silt and
sandy banks and patches of aquatic vegetation. As water levels rise and anabranches and
floodplains become inundated the complexity of available microhabitats increases.
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Figure 3: Images showing the role of snags (fallen red gum) and red gum roots in
stabilization of channel banks and increasing within channel habitat and hydrological
complexity.
Meso-habitats: At the reach scale the dominant physical features of the channels of the
northern Basin are in-channel bench features of various sizes and development (Figure 4).
These are most developed in the Barwon-Darling channel (Thoms and Sheldon 1997) (but
also occur at smaller scales in the tributary rivers. These surfaces provide increased habitat
area as flow pulses pass through the channel system and before floodplain inundation.
Pool-riffle features, most commonly associated with reach scale habitat complexity; only
occur in the headwater regions of the tributary rivers.

Figure 4: Image showing an in-channel bench, the dominant habitat feature at the reach
scale of the lowland rivers of the northern Basin.
Landscape scale habitats (Figure 5): At the landscape scale the habitats in the northern Basin
are complex and connected by different magnitudes of flow. Anabranches are channels
adjacent to the main channels, which fill during channel flows and flood pulses of different
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magnitudes. These channels increase the available habitat while they are inundated
(Southwell 2002), providing important spawning sites for a range of aquatic species(Gehrke
and Harris 2004). Many of these anabranches connect the main channel to lignum wetlands
and marsh areas which provide habitat for terrestrial biota during periods when they are not
inundated and provide habitat for aquatic biota while they are flooded (Rogers et al. 2010).
Lignum wetlands require prolonged periods of inundation as part of lignum’s lifecycle and
with controls on natural flow regimes these requirements are not fulfilled reducing the
regeneration of the lignum (Rogers et al. 2010). These wetlands are generally shallow and
this shallow water allows light penetration to large benthic surfaces which provides ideal
conditions for algae production. This high production increases nutrient load which is
consumed by invertebrates and on up the food chain (Rogers et al. 2010). When the flood
waters recede, this high nutrient load and the organisms which have been consuming it are
returned to the main channel improving ecosystem function in the main system (Rogers et
al. 2010). During dry periods and while these wetlands are drying they also provide habitat
for both introduced and native terrestrial and aquatic species. These introduced species
include feral pigs and goats (Dickman 2004) and European carp (Gehrke and Harris 2004)
and as a result these wetlands are regularly cleared by landholders in the effort to control
these species. However, this reduces habitat for native biota as well.

Figure 5: Images of channel and floodplain habitat in (a) the lower Balonne floodplain and
(b) the Darling River with major landscape scale habitats marked.
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Covariates influencing physical habitat
Changes to the natural hydrology through human land and water use have altered the
natural deposition and erosion of the channels and floodplains of the northern Basin
(Walker and Alchin 2004). Changes in land use from cattle grazing to agriculture have
resulted in land clearing both in riparian zones along the main channel, but also along
tributaries and anabranches (Ayers et al. 2004). This has not only reduced habitat availability
for native terrestrial biota (Dickman 2004), but also increased the potential for erosion and
runoff into the main channel and in turn has altered natural deposition rates (Biggins 1999,
Walker and Alchin 2004). Combined with altered hydrology, natural entrainment and
deposition of sediments is not occurring and there is evidence for the natural deep channels
and pools to silt up reducing natural habitat for aquatic species (Gehrke and Harris 2004).
Entrainment of sediments also changes the natural turbidity of the water column, which in
turn alters algal production levels influencing the rest of the food chain (Caitcheon et al.
1995, Gehrke and Harris 2004, Oliver et al. 2004).
While the geomorphological character of the northern Basin has been well described we
have limited understanding of the impacts of land-use and hydrological change on
geomorphological processes, particularly at landscape scales where floodplain development
has changed channel-floodplain connectivity and depositional processes.
Relationships between flow and physical habitat availability
From an ecological perspective we recognize three distinct temporal ‘scales’ of flow, the
shortest being the ‘flow pulse’ (Figure 6a), followed by ‘flow history’ (Figure 6b) and then
‘flow regime’ (Figure 6c) (Walker et al. 1995, Leigh et al. 2010). The flow pulse is an
individual flow event important for maintaining ecological processes such as nutrient cycling,
breeding and spawning responses, and dispersal. The magnitude, duration and timing of a
particular flow pulse event will have specific physical and biological consequences, with high
flows (overbank floods) providing increased opportunities for lateral exchange of materials
and energy between channel and floodplain environments (Walker et al. 1995). The period
of time preceding any individual flow-pulse, is termed the ‘flow history’. Flow history
represents the antecedent conditions relating to any one flow pulse or flood, and describes
the cycling of moderate floods and dry spells within periods of above- or below-average flow
magnitude. In periods of higher than average flooding, antecedent conditions for any flood
event may be important for higher than average recruitment success and species abundance
(Puckridge et al. 2000). Flow history is a significant concept ecologically as the ecological
importance of any given flow event will be related to the length of time since the previous
event, or the last flow event of the same magnitude or duration (Leigh et al. 2010). The
‘flow regime’ operates at even longer time scales covering the long-term cycles of flood and
drought (unusually extended dry periods) common to many large river systems and
controlled by climatic fluctuations and landscape features (Walker et al. 1995, Leigh et al.
2010).
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Figure 6: Various features of the (a) flood pulse, (b) flow history and (c) flow regime that
have ecological significance. From Leigh et al. (2010).
During low flow conditions (Figure 7):
 Habitat for aquatic biota becomes constrained both in permanent sections of the channel
(Figure 7a), the floodplain (Figure 7b) and terminal wetlands which are usually dry or
limited in extent during low flows (Figure 7c).
 Increased algal and possibly macrophyte growth (in some systems) in the littoral zone
may provide food and habitat for aquatic biota in permanent sections of the channel
(Figure 7a). The role of a benthic algal ’ring’ sustaining biomass in waterholes of Lake
Eyre Basin rivers was demonstrated by (Bunn et al. 2003) but this has not been shown to
be as dominant in some northern Basin rivers (Fellows et al. 2009) however, there have
been few studies exploring the basal food resources of rivers in the northern Basin so the
underlying mechanisms for maintaining biomass during low flows in this system are
unknown.
 Drying of riparian zones affects riparian vegetation (Figure 7b). Loss of riparian vegetation
increases potential for wind erosion during dry periods and water erosion when the rains
come (Walker and Alchin 2004). The loss of riparian vegetation also impacts the
availability of in-stream habitat in the long-term. Dry billabongs and anabranches may
also affected by wind erosion.
 Remaining permanent sections of the channel and floodplain can suffer deteriorating
water quality including increased conductivity, reduced oxygen saturation – as the
volume of water drops and relative water temperatures may increase, turbidity may
increase as wind suspension of bottom sediments can become significant when volumes
of water decrease.
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(a)

(b)

(c)
Figure 7: Conceptual model showing the ecological responses of (a) channels, (b) riparian
zones and floodplains and (c) terminal wetlands, to periods of low flow.
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Summary of the impact of ‘low flow’ on habitat and water quality
Key habitat and water quality changes associated with low flow:
 Reduced availability of in-stream and floodplain habitat
 Usually declining water quality conditions with continued and extensive periods of low flow
 Potential change in the availability of basal food resources
Key Knowledge Gaps relating to periods of ‘low flow’:
 How changing land use and water management has influenced the availability of in-stream
and floodplain habitat (snags and macrophytes) during periods of low flow.
 What are the basal food resources (algal production vs. terrestrial inputs) sustaining biomass
during periods of low flow.
 What, if any, of the larger organisms (fish, turtles, frogs, large macroinvertebrates) can
maintain breeding and recruitment during periods of low flow.
During flow pulse conditions (Figure 8), there may be:
 An increase in available habitat for some aquatic species, this will include both in-channel
habitat (snags and in some areas macrophytes) as well as habitat in side channels and
anabranches differentially connected by different magnitude flow pulses (Figure 8a).
However, in channel sections that may have been subject to extensive periods of low
flow, flow pulse events may cause a loss of macrophyte cover due to drown out and
increased turbidity, therefore reduced habitat for some aquatic and terrestrial biota.
 Reconnection of permanent channel sections allowing the movement of aquatic biota,
the spatial extent of this movement will be determined by the spatial extent of reconnection. Often the first flow pulse after an extended dry period will not connect as
much of the channel network as the same volume flow pulse occurring after a series of
flow pulses (Leigh et al. 2010) (Figure 8b).
 Flushing of contaminants that may have built up during a dry period can improve
localized water quality and habitat conditions
 An increase in turbidity as a direct which may influence algal production and macrophyte
growth.
Summary of the impact of channel ‘flow pulse’ events on habitat and water quality
Key habitat and water quality changes associated with in-channel flow pulse events:
 Changed availability of in-stream and floodplain habitat, usually a positive impact through an
increase in habitat area, but with drown-out of some habitat can have negative implications
for some taxa.
 Flow pulse events allow ‘resetting’ of water quality that may have deteriorated after
extensive periods of low flow. This may cause reduced water quality downstream during the
flow pulse, as contaminants built up are moved further through the network. The dilution
effect of the flow pulse may make this a minor issue for most systems.
 Potential change in the availability of basal food resources, in-channel flow pulses can restrict
the availability of benthic algae.
Key Knowledge Gaps relating to periods of in-channel ‘flow pulses’:
 Does the basal food resource (algal production vs. terrestrial inputs) sustaining biomass
during periods of low flow change when there is a flow pulse, and if so what are the impacts
on consumers.
 What magnitude of flow pulse is required to trigger dispersal and movement of aquatic
fauna.
 What magnitude of flow pulse is required to trigger breeding and recruitment of fish, turtles,
frogs and large macroinvertebrates.
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(a)

(b)

(c)
Figure 8: Conceptual models showing the ecological response of (a) channels, (b) riparian
zones and floodplains and (c) terminal wetlands, to a flow pulse that is constrained within
the channel.
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During flood pulse conditions (Figure 9):
 Increased complexity of habitat available for fauna (Figure 9a)
 Natural patterns of erosion and deposition occur, scouring out pools and depositing these
sediments further downstream both on in-stream depositional benches and on the
floodplain itself (Figure 9b). At the same time sediments on the floodplain are entrained
bringing nutrients back into the main channel system for use by in-stream biota
(Figure 9b).
 Increase of turbidity as a direct result of sediment entrainment from erosion may impact
algal productivity and macrophyte growth.
 Reconnection and filling of anabranches and floodplain billabongs will allow dispersal and
provide new habitat for aquatic biota (Figure 9b).
 Large scale connection of the channel network and inundation of floodplain habitat
triggers spawning and leads to successful recruitment of a range of taxa (Figure 9b,
Figure 9c).
 Changes to riparian vegetation either providing new habitat or reducing habitat for
terrestrial biota. For example, lignum wetlands no longer provide habitat for some
terrestrial species while flooded, but now provide increased habitat for aquatic biota.
 In extensive flood pulse events, or after a series of flow and flood pulse events (Leigh et
al. 2010) terminal wetlands within the river system become inundated providing
breeding habitat for a range of waterbirds (Figure 9c).
Summary of the impact of channel ‘flood pulse’ events on habitat and water quality
Key habitat and water quality changes associated with flood pulse events:
• Availability of floodplain habitat can provide extensive areas for breeding and recruitment
and result in higher secondary biomass.
• Potential change in the availability of basal food resources, in-channel flow pulses can restrict
the availability of benthic algae.
Key Knowledge Gaps relating to periods of in-channel ‘flow pulses’:
 What is the magnitude of secondary production stimulated by overbank flood events.
 What is the spatial extent of dispersal and movement of aquatic fauna during overbank flow
events.
 What magnitude of breeding and recruitment of fish, turtles, frogs, large macroinvertebrate
during flood pulse events.
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(a)

(b)

(c)
Figure 9: Conceptual models showing the ecological response of (a) channels, (b) riparian
zones and floodplains and (c) terminal wetlands, to a flood pulse that inundates the
channel network and may extend overbank.
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Knowledge needs for determining water requirements based on physical habitat
While there is good data on original physical landscape structure (see Thoms et al. 2004a)
and good knowledge of current landscape structure including existing river channels,
anabranches and billabongs (SKM 2009) there is poor understanding of the links between
flow and physical form in this system, and more specifically the impacts of changes in flow
on physical form. For example:
 Limited information on possible changes in in-channel and floodplain siltation as a result
of hydrological changes
 Role of different flow magnitudes in erosion and deposition processes
 Flow magnitudes required to connect a range of habitats both longitudinally within
channels but also laterally onto the floodplains and distributary networks.
 Data on erosion rates in both natural and altered areas to model soil entrainment,
movement and deposition.
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A2B. Riparian, floodplain and wetland vegetation
Dr Samantha Capon, Australian Rivers Institute

Introduction
Riparian, floodplain and wetland vegetation support many of the key environmental values
identified in the northern Basin (Table 2). In general, assets which have been identified as
supporting these environmental values comprise a number of key species and the
vegetation communities which these species dominate. The ecological function of riparian,
floodplain and wetland vegetation in providing habitat for other biota, especially waterbirds,
is also explicitly recognised as a key environmental value (Table 2). The relevant site-specific
ecological targets set for the Northern Basin Science Review (NBSR) indicator sites (i.e.
Barwon-Darling, Lower Balonne and Narran Lakes) are to:
1. Provide a flow regime which ensures the current extent of native vegetation of the
riparian, floodplain and wetland communities is sustained in a healthy, dynamic and
resilient condition;
2. Provide a flow regime which supports the habitat requirements of waterbirds and is
conducive to successful breeding of colonial nesting waterbirds;
3. Provide a flow regime which supports key ecosystem functions, particularly those related
to connectivity between the river and the floodplain.
This chapter considers the science underpinning our capacity to determine the water
requirements of riparian, floodplain and wetland vegetation in the northern Basin with a
specific focus on the ecological assets identified in Table 2.

Review of general ecohydrological knowledge
General ecohydrology
There is considerable scientific evidence that plants and vegetation in riparian, floodplain
and wetland habitats are strongly influenced by hydrology (Brock et al. 2006, Capon and
Dowe 2007, Naiman et al. 2010). All of the primary determinants characterising plant
habitats, including those associated with physical habitat structure as well as soil and water
quality, are influenced by wetting and drying (Figure 10). Flooding causes anoxia and the
accumulation of toxic materials in soils and can alter temperature regimes and reduce light
in inundated habitats (Blom and Voesenek 1996). Additionally, surface water flows influence
the movement of sediments, nutrients and other materials, including plant propagules,
through riverine habitats (Nilsson et al. 1991). The presence of surface water is a necessary
habitat requirement for many aquatic plants but surface water flows can also present a
mechanical force that damages plant bodies or scours or affects the stability of plant
substrates (Menges and Waller 1983, Young et al. 2001). Soil characteristics may also be
altered by flooding, although effects can vary with soil characteristics (e.g. clays retain soil
moisture for longer than sandy soils). Following the recession of flood waters, soil moisture
and nutrient availability are typically greater and new surfaces may also be available for
plant colonisation (Megonigal et al. 1997, Stromberg 2001). Soil surfaces may become
compacted as result of flooding, however, and present greater resistance to plant root
growth while deposited sediments may bury plants or impede germination (Sluis and
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Tandarich 2004). During periods of low or no flows, soil moisture availability typically
declines, although this depends on precipitation. Water and soil quality also change with
drying. Wetland sediments, for example, may become more saline as they dry (Brock et al.
2006).
The extent, type and degree of habitat change caused by flooding is dependent on the
characteristics of particular flow events (Figure 10; see Nilsson and Svedmark 2002). The
magnitude of a flow event, for example, determines the spatial extent of habitats affected
while the duration of inundation can influence the degree of changes that occur (e.g. the
amount of toxic compounds accumulating in soils). The rate and rise of flow/flood pulses
may influence the hydraulic force of flood waters, and therefore the potential for
mechanical damage, while flood timing influences how flows correspond with other
conditions that may influence habitat processes, e.g. seasonal temperature. Similarly, the
time elapsed since flooding will determine the degree to which drying influences habitat
processes (e.g. amount of remaining soil moisture) and the state of habitat components able
to respond to rewetting (e.g. accumulation of litter).
Different plant species inhabiting riparian, floodplain and wetland environments exhibit a
range of habitat requirements, environmental tolerances and capacities to adapt to habitat
changes wrought by wetting and drying or other stressors and disturbances (Figure 11).
Within species, these ecological filters may also vary between individuals as a result of life
history stages, plant size or plant condition (see Roberts and Marston 2011). While habitat
requirements, environmental tolerances and adaptive capacities of plants relate to a wide
range of key drivers (e.g. regional temperature regimes) and other stressors and
disturbances (e.g. grazing), most species inhabiting riparian, floodplain and wetland habitats
tend to exhibit traits that enable them to persist in the face of wetting and drying (Cronk and
Fennessy 2001, Naiman et al. 2010). The outcome of life history stages of individual plants,
and therefore the population dynamics of particular species in riparian, floodplain and
wetland habitats, therefore tend to primarily reflect the interaction of these traits with
patterns of wetting and drying (e.g. George et al. 2005, Capon et al. 2009). The amount, rate
and timing of germination, growth, reproduction and mortality can all be affected by surface
water hydrology through its direct effects on primary habitat determinants and its
interaction with other key drivers, stressors and disturbances (Figure 11). By influencing the
status and processes of individual plants and plant populations, as well as the occurrence
and outcome of biotic interactions with other plants (e.g. competition and facilitation) or
animals (e.g. herbivory), surface water flows tend to have an overriding influence on the
composition, structure and condition of vegetation communities (Figure 12; e.g. Capon
2003, 2005). Furthermore, flooding can have an overriding influence on other key drivers,
stressors and disturbances that can play a role in shaping vegetation dynamics. For instance,
flooding can flush salts and litter thereby affecting salinity and the accumulation of fuels
(Stromberg 2001).
Riparian, floodplain and wetland habitats and landscapes are characteristically
heterogeneous as result of variable surface water flow regimes, both spatially and
temporally (e.g. Capon 2003, 2005). Consequently, the character and condition of individual
plants, plant populations and vegetation communities that inhabit these environments also
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tend to be inherently variable. The distribution and extent of vegetation communities across
riverine landscapes, referred to here as ‘vegscapes’, are also subject to change over time in
response to patterns of wetting and drying (e.g. Capon 2003). During dry periods, for
instance, wetland habitats may be colonised by flood intolerant shrubs that are locally
extirpated when subsequent flooding occurs.
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Table 2: Ecological assets pertaining to riparian, floodplain and wetland vegetation within the northern Basin science review indicator environmental
assets, including species and communities referred to in information used to determine site-specific flow indicators, as identified by MDBA in 2012 EWR
Reports.
Ecological
component
Key plant
species

Barwon-Darling

Lower Balonne

Narran Lakes

River cooba (Acacia stenophylla)
Coolibah (Eucalyptus coolabah)
River red gum (Eucalyptus
camaldulensis)
Black box (Eucalyptus largiflorens)
Lignum (Muehlenbeckia florulenta)
Cane grass (Eragrostis australasica)

River red gum (Eucalyptus camaldulensis)
Coolibah (Eucalyptus coolabah)
Black box (Eucalyptus largiflorens)
Lignum (Muehlenbeckia florulenta)
Nutgrass (Cyperus bifax)
Cane grass (Eragrostis australasica)
River cooba (Acacia stenophylla)

Key
vegetation
communities

Black box dominated semi-arid inland
floodplain wetland system of
Talyawalka Anabranch and
Teryaweynya Creek
Extensive areas of floodplain vegetation
in the Talyawalka Anabranch and
Teryaweynya Creek system including
large areas of black box and red gum

Key
ecosystem
services

Provision of waterbird breeding habitat
in the Talyawalka Anabranch and
Teryaweynya Creek system

Large areas of native grasslands on floodplains of Culgoa, Birrie,
Bokhara and Narran Rivers
Extensive and contiguous coolibah woodlands on floodplains of
Culgoa, Birrie, Bokhara and Narran Rivers
Coolibah-black box woodland in Culgoa National Park and in the
northern rieverine plains in the Darling Riverine Plains and Brigalow
Belt South bioregions (listed as endangered under the Threatened
Species Conservation Act 1995.
Riparian forest
Lignum shrubland
Nutgrass sedgeland
Open grassland
Provision of waterbird foraging habitat of Lower Balonne floodplain

River red gum (Eucalyptus
camaldulensis)
Lignum (Muehlenbeckia
florulenta)
Coolibah (Eucalyptus
coolabah)
River cooba (Acacia
stenophylla)
Large expanses of lignum
shrubland
Riparian open forest and
floodplain woodlands
Ephemeral herbfields
Patches of common reed in
lignum shrubland
(Phragmites australis)

Provision of waterbird
breeding habitat
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Figure 10: Conceptual model showing flow event components and primary determinant
likely to be significant for riparian, floodplain and wetland vegetation.
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Figure 11: Conceptual model showing key ecological processes and stocks for riparian,
floodplain and wetland plant populations and how these are influenced by primary habitat
determinants, the flow regime and other key drivers, stressors and disturbances through
major ecological filters.
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Figure 12: Conceptual model showing key ecological processes and stocks for riparian,
floodplain and wetland vegetation communities and how these are influenced by primary
habitat determinants, the flow regime and other key drivers, stressors and disturbances
through major ecological filters.
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Responses to low or no flow

In dryland riverine landscapes, the major limiting factor on plant growth during periods of
low or no flow is typically water availability. Many plant species, especially dominant
perennial species, inhabiting these environments possess traits that enable them to tolerate
dry conditions for considerable durations (Brock et al. 2006, Roberts and Marston 2011).
These can include low transpiration rates, low canopy area, a pendulous habit, such as
exhibited by black box trees(Jolly and Walker 1996), succulence, leaf shedding (Brock et al.
2006), and physiological dormancy of mature plants, such as displayed by lignum shrubs
(Capon et al. 2009). It has also been demonstrated that many dryland riparian trees,
including river red gum, coolibah and black box, are opportunistic and flexible in their water
use with a capacity to shift between groundwater, rainfall and surface water in response to
changing conditions (Snyder and Williams 2000, Roberts and Marston 2011). Some plants
exhibit rapid responses to rainfall, capitalising on sparse moisture supplies. Lignum shrubs,
for example, may respond to rain quickly by growing leaves and new stems (Capon et al.
2009). More xeric species, e.g. some chenopod shrubs, may also be favoured during dry
phases and colonise drying floodplain and wetland habitats (e.g. Capon 2003). When
tolerances of individual plants are exceeded, plants inevitably decline in condition, wilting
and shedding leaves for instance, and eventually die. In some species, e.g. black box, there is
evidence to suggest that the reproductive capacity of plants (e.g. seed abundance and
viability) may also decline in response to drying (George et al. 2005). The degree to which
plant condition declines in response to drying, and the risk of subsequent mortality, depends
not only on species traits but may also be influenced by life history stage, plant size or the
initial condition of individual plants (Brock et al. 2006).
While many trees and shrubs inhabiting dryland riverine landscapes can tolerate
considerable durations of drying, many herbaceous species (i.e. grasses and forbs) persist
mainly as dormant propagules (Brock et al. 2006). Studies indicate that riparian, floodplain
and wetland soil seed banks can be quite persistent through drought with many species still
present in seed banks after a decade without inundation (e.g. Capon and Brock 2006). Longterm research into some wetland soil seed banks, however, indicates that an overall decline
in species richness is likely with prolonged drying beyond 10 years or so (unpublished data
M. Brock).
In the case of both mature plants and propagules, declines in condition will depend largely
on the duration of drying. Significant covariates likely to influence plant responses are
therefore weather conditions, especially rainfall and, to a lesser degree, temperature.
Consequently, the timing of drying, with respect to its seasonal weather conditions, is also
likely to be important. Access to groundwater supplies is also likely to influence the capacity
of some plants, especially trees (see Roberts and Marston 2011) and vegetation
communities to persist through no and low flow conditions. Grazing pressure during dry
periods is also widely considered to be a major determinant of riparian, floodplain and
wetland plant condition (e.g. Amy and Robertson 2001, Lunt et al. 2007).
At the level of vegetation communities, the cumulative effects of drying on different plants
tend to result in declines in canopy cover, the mortality of drought intolerant species and an
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overall shift from aquatic and amphibious species towards more mesic and then xeric midstorey and understorey species (Brock et al. 2006). The abundance, composition and viability
of propagule banks may also change in response to drying with implications for the capacity
of vegetation communities to respond to flooding. Such changes may involve loss of viability
in some seeds (i.e. in particular cohorts or species) but also new additions from wind or
animal dispersal (Capon and Brock 2006, Williams et al. 2008). Changes to the character and
condition of vegetation communities may affect their broader ecological function and
therefore environmental value. Declining canopy cover, for instance, may affect habitat
values of vegetation for fauna. The critical drivers determining ecological responses of
vegetation are likely to include the duration and timing of drying. Antecedent conditions (i.e.
recent flood history) will also be important as these will influence the initial condition of
vegetation communities responding to drying. Again, key covariates likely to influence
vegetation responses to drying include weather conditions and grazing.
Drying can also affect vegscapes, i.e. the pattern of vegetation communities across the
landscape. Wetter vegetation zones, for instance, may be encroached by more mesic or
xeric vegetation in response to increased periods of low or no flows, leading to a
streamward migration of vegetation zones and potential shrinking or riparian, floodplain or
wetland vegetation extents (Bren 1992, Hughes and Cass 1997, An et al. 2003). Invasion of
exotic species across vegscapes can also be favoured by greater drying (Glenn et al. 2001,
Stromberg 2001), potentially leading to increased homogenisation of vegscapes. Such
changes to riverine vegscapes may have significant implications for their function and value,
e.g. the provision of suitable habitat for fauna. The duration of no and low flow periods is
probably the major determinant of the degree to which ecological responses at the level of
vegscapes will occur. Over longer time periods, the frequency of no and low flow periods will
also be important. In addition to weather and grazing, vegetation fragmentation may be a
significant covariate influencing vegscape responses to drying. The size and distribution
across the landscape of remnant riparian, floodplain and wetland vegetation patches,
especially with respect to anthropogenic disturbances (e.g. mining activities, infrastructure
etc.), are likely to influence the capacity of plant species, communities and vegscapes to
tolerate drying (e.g. Capon et al. 2013). Smaller patches, for instance, may be more exposed
to encroachment by invasive shrubs from adjacent vegetation communities during dry
periods.
Summary of vegetation responses to low or no flow
Key Ecological responses to flow:
 plant growth / mortality / change in condition
 propagule dispersal
 plant reproduction
 changes in propagule viability
 shifts in vegetation composition and structure
 plant-plant interactions
 shifts in vegscapes
Key Flow Attributes:
 time since last flow/ flood
 seasonal timing of low flow period
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antecedent conditions

Significant covariates:
 weather
 groundwater
 grazing
 fragmentation and land use
Responses to flow and flood pulses

Flow and flood pulses affect plants within inundated areas by altering the primary
determinants of local habitats and, at larger scales, by increasing connectivity between
habitats and thereby influencing the movement of materials and biota through the
landscape. Inundation provides habitat for aquatic and amphibious plant species but may
pose a stress or disturbance to terrestrial species leading to declines in their condition and
potential mortality (Brock and Casanova 1997). Such negative impacts of inundation on
flood intolerant species or individuals (e.g. seedlings) will depend largely on the duration
and depth of inundation. Rate of rise of floodwaters may also determine if plants are subject
to mechanical damage.
Flows and floods also provide a water source to plants growing in inundated and fringing
habitats and may replenish ground water sources of other habitats, triggering plant growth
in many species if not during inundation then during the moist conditions following
drawdown. Again, the duration and depth of flooding can be major determinants of the
amount and rate of plant growth responses amongst aquatic and amphibious species (e.g.
Capon et al. 2009). Wetting can also trigger reproduction in mature plants of some species,
e.g. lignum (Chong and Walker 2005). Germination of many riparian, floodplain and wetland
plants is triggered by flooding, which tends to be critical for aquatic species, or wetting
(Brock et al. 2006). Germination amongst most wetland plants is favoured during the moist
conditions following the recession of floodwaters (Capon 2007). The seasonal timing of
flooding or wetting may have an influence on the germination of some species and duration
will influence the number of germinants emerging (Capon 2007). For both growth and
reproductive responses of plants to flow, the time elapsed since the last flood is likely to
have a significant influence on ecological responses since this will determine initial condition
of plant stocks able to respond. Weather conditions following flood water recession (e.g.
rainfall) are likely to have a strong influence on the duration of growth and reproductive
responses of plants triggered by flooding.
At the level of vegetation communities, flooding and wetting will promote the growth and
vigour of existing plants that are favoured by flooding, improving canopy condition and
habitat value. Vegetation composition will shift toward aquatic and amphibious species as
flood intolerant plants are extirpated from the vegetation and new wetland plants establish
from propagules in wetted areas (Brock et al. 2006). In dryland riverine habitats, vegetation
community diversity and cover tend to be greatest in the moist conditions following the
recession of floodwaters (e.g. Capon and Brock 2006). Floodwater may also promote
thinning of regeneration thickets amongst some species, e.g. river red gum (Horner et al.
2010) and facilitate the dispersal of exotic species into riparian, floodplain and wetland
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habitats (unpublished data, S. Capon). Dispersal of exotic species may be influenced by
vegetation fragmentation and local land use since these may provide sources of weed
propagules (e.g. introduced pastures).
Amongst vegscapes, flooding can act to ‘reset’ vegetation succession across the riverine
landscape, homogenising the composition of vegetation and soil seed banks in inundated
habitats and halting the terrestrialisation of drying habitats (e.g. Capon 2003). Flood
frequency is often an important determinant of the distribution of vegetation communities
across the landscape (Capon 2005). The degree of vegetation fragmentation in relation to
land use is also likely to influence vegscape response as this can affect propagule dispersal
across the landscape as well as the movement of water and other materials.
Summary of vegetation responses to flow and flood pulses
Key Ecological responses to flow:
 plant growth / mortality / change in condition
 propagule dispersal
 plant reproduction
 plant and vegetation regeneration
 shifts in vegetation composition and structure
 plant-plant interactions
 shifts in vegscapes
Key Flow Attributes:
 flow magnitude
 rate of rise
 flow timing
 flow duration
 time since last flow
 flood frequency
Key covariates:
 weather
 fragmentation and land use
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A2C. Aquatic ecological communities
Dr Stephen Balcombe, Australian Rivers Institute

Key components and processes
Aquatic fauna such as fish represent a group of species that can be considered assets in the
development of SDL’s. Although no species have been considered as assets alone they are
considered as an ecological grouping for the provision of environmental water.
Review of general ecohydrological knowledge
The role of flow in driving ecological processes within aquatic ecosystems is universally
accepted and it is the dynamic nature of flow regimes that underpins the ecological integrity
of riverine ecosystems (Walker et al. 1995, Poff et al. 1997). For obligate aquatic biota such
as fish, flow regime directly impacts their primary determinants, namely the surrounding
and underlying soil chemistry, the water chemistry and particularly the physical habitat
(Figure 13). In dryland rivers such as those in the northern Basin, the role of flow regime on
both the physical and chemical background setting is profound with massive hydrological
variability driven by episodic and unpredictable rain events (Puckridge 1999). Hence, at any
given point the hydrological state can range from completely dry waterholes, channels and
floodplains, through to flowing channels and connected waterholes to extreme flood event
events that inundate wide arrays of habitats, connecting floodplains to channels and
waterholes (Arthington and Balcombe 2011). It is these extremes in hydrology that then
drive the characteristic boom and bust responses of aquatic biota that are reflective of
dryland river habitats (Walker et al. 1995, Bunn et al. 2006a, Arthington and Balcombe
2011). Flow impacts upon floodplain and riverbank soils which can then directly influence
water chemistry by releasing chemicals (contaminants or nutrients) at a local scale. Further,
flow will also transport sediment and nutrients from upstream regions and impact on water
chemistry at a given site. Flow will then directly influence the physical habitat through its
influence on factors such as light penetration, Fine Particulate Organic Matter (FPOM),
Coarse Particulate Organic Matter (CPOM), connectivity among habitats and generally
habitat complexity all of which are significant drivers of processes sustaining aquatic fauna,
including macroinvertebrates and fish species (Gehrke et al. 1993, Sheldon and Walker 1998,
Boys and Thoms 2006, Arthington et al. 2010).
The overall effect on the physical setting from a given flow event will be dependent upon
the setting (such as time since the last flow event) and the actual nature of the flow event
such as its magnitude and duration. These flow components all act to provide a diversity of
physical and chemical habitat to support the resident aquatic biota (Figure 14) (Lancaster
and Hildrew 1993, Arthington et al. 2005).
The fish species living in these dryland environments possess a wide range of traits that
allow them to cope with the variability in habitat brought about an unpredictable flow
regime in the presence of other stressors and disturbances (Figure 15) (Balcombe et al.
2011a, Balcombe and Sternberg 2012, Sternberg and Kennard 2013). Ecological filters will
sort out those individuals that are able to live and breed within these habitats which will
vary both among individuals within a species and between species. For example fish with
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generalist diets such as yellowbelly (Macquaria ambigua) and bony bream (Nematolosa
erebi) are able to switch their feeding to suit local conditions, such as feeding on high quality
items during booms to poor quality items during bust times (Balcombe et al. 2006, Sternberg
et al. 2008) and are unlikely to be filtered out of the habitat. However, individuals of within
these species may still be filtered out (such as early life-stages that have different ecological
needs, e.g., larvae) or other species of these dryland river assemblages that have less flexible
diets, or environmental tolerances (e.g. Murray cod, low tolerance to low dissolved oxygen
particularly during extended periods of high temperatures (Balcombe et al. 2011b)).
Fish and other aquatic biota living within unpredictable hydrological regimes such as dyland
river settings would nonetheless be expected to have the capacity to either persist through
harsh hydrological periods (drying) or boom times (flood) (Balcombe and Arthington 2009,
Arthington and Balcombe 2011), though these will also be mediated by the effects of
stressors such as land-use (Balcombe et al. 2011a) and biotic influences such as competition
and predation (Arthington et al. 2005). While the ultimate standing stock of a given species
(i.e. the population structure and condition of residents) will be dependent upon the
ecological processes that enable individuals being able to migrate, immigrate, reproduce and
grow, flow will always be a primary driver of these processes (Figure 15). Through its effects
on individual species and interactions among species and influence on stressors, flow tends
to have dominant role in the overall structure of aquatic communities (Figure 16). Hence
antecedent hydrology plays a significant role in structuring both fish, invertebrate and algal
communities in hydrologically unpredictable environments such as dryland rivers (Balcombe
et al. 2006, Marshall et al. 2006, McGregor et al. 2006). As such, aquatic assemblages in
dryland rivers are dynamic through space and time due to the overriding influence of
wetting (boom) and drying (bust) processes on waterholes and floodplains (Balcombe et al.
2006, 2011a, Bunn et al. 2006a, 2006b, Webb et al. 2011).
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Figure 13: Conceptual model showing flow event components and primary determinant
likely to be significant for fish species.
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Figure 14: Conceptual model showing flow event components and primary determinant
likely to be significant for fish species.
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Figure 15: Conceptual model showing key ecological processes and stocks for fish
populations and how these are influenced by primary habitat determinants, the flow
regime and other key drivers, stressors and disturbances through major ecological filters.
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Figure 16: Conceptual model showing key ecological processes and stocks for fish
assemblages and how these are influenced by primary habitat determinants, the flow
regime and other key drivers, stressors and disturbances through major ecological filters.
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Existing baseline data
Existing baseline data, particularly to provide knowledge pertaining to ecohydrological
responses is rare in the northern basin. For example the sustainable rivers audit (Davies et
al. 2008, MDBA 2012a) provides condition monitoring for both macroinvertebrates and fish
at across the different river valleys, and similarly the Smart Rivers sampling across various
sites and times in the lower Balonne. See the Smart Rivers webpage for more information
(http://www.smartrivers.com). However, these programmes do not provide a context for
ecological response to wetting or drying events by the in-stream fauna. These data are
useful for providing some basic information on spatial distribution of the aquatic fauna
across the northern basin. From an ecohydrological perspective, however, there is a need to
understand not just distribution of fauna, but also population (age and size) structure at
various spatial scales and the response of these populations to different aspects of the flow
regime, including knowledge of how flow affects their basal food resources. Such
information can be gleaned both from studies in the northern basin, but also in other
dryland rivers with a similar climate context (i.e. semi-arid systems with a summer
dominated rainfall). These data sources are compiled in the following three categories: fish
assemblages, aquatic macroinvertebrates and basal resources supporting consumers.
Fish assemblages

There have been a number of studies on the fish assemblages of dryland regions both in the
northern Basin and Lake Eyre Basin (LEB) undertaken by the Australian Rivers Institute.
These studies provide a strong generalised concept (based on quantitative data) of how fish
populations across different river reaches and among individual waterholes respond to
various aspects of the flow regime, taking into account antecedent hydrology. These include
changes to assemblage structure (Balcombe et al. 2006, 2011a, Arthington et al. 2006),
breeding, recruitment and movement effects on size structure of individual species
(Balcombe et al. 2006, Balcombe and Arthington 2009) and the response to major floodplain
inundation by fish assemblages (Bunn et al. 2006a, Balcombe et al. 2007, Burford et al.
2008). Other relevant fish assemblage and species data includes Webb et al. (2011), which
examines spatial distribution of fish across the lower Balonne floodplain and how the
assemblages are structured in relation to antecedent hydrology. Also Rolls and Wilson
(2010) examined the breeding, recruitment and growth response of fish in relation to an
environmental release on top of a natural flood in the Narran Lakes.
Aquatic macroinvertebrates

There are few examples of good baseline data for macroinvertebrate assemblages in the
northern basin for assessing their ecohydrological relationships. Marshall et al. (2006),
provides information on spatial and temporal structure of macroinvertebrates in relation to
antecedent hydrology in the LEB (Cooper Creek). Sheldon and Thoms (2006) also provide
some context between macroinvertebrate assemblage structure and flow variability across a
range of dryland rivers.

129

Basal Food resources for aquatic fauna

It is well accepted that one of the key drivers of secondary production in dryland rivers is
from benthic productivity of algal biofilms (Bunn et al. 2003, 2006a, Fellows et al. 2009).
Flow is a significant driver of this primary productivity with data derived from both dryland
river waterholes (Bunn et al. 2003, Fellows et al. 2009) and inundated floodplains (Bunn et
al. 2006a) In addition to wetting and drying regimes being strongly linked to algal
production, they are also linked to the production of zooplankton assemblages (Jenkins and
Boulton 2003, James et al. 2008). Variations in fish diet and biomass also confirm evidence
for ecohydrological responses to flow by both macroinvertebrates and zooplankton in
dryland river settings (Balcombe et al. 2005, Sternberg et al. 2012).
Ecological responses to flow
Responses to no flow

Dryland rivers naturally cycle through boom and bust periods due to the unpredictable
nature of rainfall and flow events (Arthington and Balcombe 2011). The bust period occurs
under zero flow conditions where lowland rivers only exist as a series of drying and
disconnected waterholes. Under such conditions, habitat availability is on a negative
trajectory. This leads to crowding and over-use of food and habitat resources and thus
increased biological interactions (Arthington et al. 2005). For fish living in these waterholes it
would be expected that they would be in poor condition relative to boom (flood) conditions
(Balcombe et al. 2011a). Fish and other obligate aquatic biota are unable to migrate and
there is no immigration. There is still likely to be some breeding and recruitment as some
species are able to sustain populations in these waterholes via low-flow recruitment
processes (Humphries et al. 1999, Balcombe and Arthington 2009). As a result of increased
biotic interactions and less food, size structure of individual species will change along with
overall assemblage structure. The extent of changes to the biota will be influenced by the
time since the last flow event as this will influence the persistence of any given water
waterholes as will the magnitude and duration of the previous event (Balcombe and
Sternberg 2012). Other factors influencing species and assemblage structure will include
weather and season (temperature and day length will significantly influence the rate of
drying). In some cases groundwater may act to sustain some waterholes while others may
actually lose water to the surrounding aquifers in addition to evaporative losses. It could
also be expected that water quality will deteriorate in drying waterholes and as water
quality decreases, species with high environmental/physiological tolerances may be
favoured over more sensitive species (Balcombe et al. 2011a). As biota become more
crowded, predatory efficiency of avian predators will increase and could play a significant
role in structuring remaining biota. As the number of aquatic refugia in the landscape educe
with drying (Bunn et al. 2006b), the impact of feral animals will also increase. For example,
pigs will impact far more on water quality of shallow pools than deep waterholes.
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Summary of fish response to no flow
Key Ecological responses to flow:
 Reduced habitat availability
 Increased algal growth
 Increased biotic interactions
 Reduced fish body condition
 No ability to migrate or emigrate
 Limited (but sustained) recruitment
 Change in size-structure
 Changes in assemblage structure
Key Flow Attributes:
 time since last flow/ flood
 magnitude and duration of previous event
Significant covariates:
 weather (season)
 groundwater
 water quality
 avian predation
 feral animals (pigs)
Responses to flow pulses

The effect of a flow pulse after a period of zero flow will directly open up habitat and allow
organisms to move between waterholes (Balcombe et al. 2006). By providing more space
there will be a reduction in biotic interactions, hence, less competition and predation.
Depending on the magnitude of the flow it may stimulate release of nutrients and spike in
primary production (Bunn et al. 2006b). This may, however, be mediated by increased
turbidity through the entrainment of sediments. There may be localised improvement of
water quality in some refugia by the removal of contaminants. Some species may breed in
response to the flow event, or there may be an increased survival of resident larvae and
juvenile fish that had already been spawned under the zero flow conditions (Balcombe and
Arthington 2009, Balcombe et al. 2011a). Access to new habitats and the release from
competition and predation will likely result in changes to population (and size) structure of
individual species and ultimately, assemblage structure. The effect of the low flow on
resident biota will depend on the magnitude of the flow event which will affect the amount
of sediment entrainment. The rate of rise may affect the response of some fish to either
move or breed, as will the timing, such as whether it coincides with high or low
temperatures (J. Marshall, DSITYA, unpubl. data). The duration of the event will have an
impact on both the scour of habitats, but also potentially the re-establishment of the
benthic algae (bathtub ring). The time since the last flow event may also impact on the
response of the resident biota. For example if it is a long duration since the previous flow
they may be in poor condition and not able to breed immediately.
Flow pulses may also have a negative effect by allowing some breeding and migration
activities by exotic species such as common carp. Carp are highly competitive with native
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fish for food resources and they degrade water quality through their feeding actions, further
impacting on native populations (Koehn 2004).
Summary of fish responses to flow pulses
Key Ecological responses to flow:
 Reconnection of waterholes allowing movement of biota
 Reduced biotic interactions
 Increased habitat
 Potential improved water quality
 Stimulates breeding of some species
 May increase survivorship of recruits
 Changes to species population structure
 Changes to assemblage structure
Key Flow Attributes:
 flow magnitude
 rate of rise
 flow timing
 flow duration
 time since last flow
Responses to flood pulses

In dryland rivers flood conditions can be expected to produce booms in production of both
aquatic flora and fauna (Bunn et al. 2006a). The advent of high flow events leads to a rapid
expansion of habitat and connectivity among waterholes, across through channels and
across floodplains, leading to movement of biota among different habitats. The inundation
of floodplains produces high rates of primary and secondary production (Bunn et al. 2006a).
This energy subsidy is transferred into higher order consumers such as fish which breed and
recruit and grow rapidly in response. This boom response by fish to significant flooding
events has been demonstrated in both the northern Basin (Balcombe et al. 2006) and the
Lake Eyre Basin (Balcombe et al. 2007). As floods recede fish move back into waterholes
(with good body condition) whereby each waterhole starts on a different trajectory to what
it was before the flood, with population structure of individual species being totally altered
along with assemblage structure (Balcombe et al. 2006, Balcombe and Arthington 2009). The
high productivity is also likely to fuel waterhole production for some time resulting from
floodplain subsidies via fish death as waterholes recede with disconnection and drying
(Burford et al. 2008). All the attributes of the flood pulse will determine the ultimate effect
of a given flood, such that it would be expected that the longer duration of a flood event the
higher production and thus biomass gained by fish and other fauna. The magnitude will
determine the flood extent and thus affecting total production due to the relationship
between surface area and algal production (Bunn et al 2006a). Time since last flow may have
a significant influence as it will relate to the number of available refugia within the landscape
prior to flooding and the condition and amount of the standing stock (see Figure 15). The
timing of the flow will be important especially with respect to season and temperature. If
floods coincide with high temperatures then it would be expected that fish larval spikes in
abundance will be synchronised with peak abundances of zooplankton (the match-mismatch
hypothesis, (Cushing 1990)), resulting in increased survivorship and ultimately higher
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numbers of juveniles. If the flood occurs in cooler temperatures then it could be expected to
have a dampened, or potentially lack of response from resident aquatic fauna.
As with the low flow scenario, the opening up of habitats and connectivity also increases the
opportunity for exotic species (especially common carp) to breed and proliferate. Of all
exotic fish species within the Basin, carp are the most responsive to major flood events due
to their high fecundity and rapid growth rates (Koehn 2004, Stuart and Jones 2006). This
eventuality will potentially limit the success of a given flood event as these fish have a
significant competitive advantage over native species owing to the high biomasses they can
achieve after flooding, coupled with indiscriminate diets and general wide environmental
tolerances (Koehn 2004). Furthermore, carp degrade water quality through their feeding
actions resulting in higher turbidity, loss of aquatic vegetation and reduced visibility and thus
feeding efficiency of native visual feeders (Koehn 2004).
Summary of fish responses to flood pulses
Key Ecological responses to flow:
 Habitat expansion leading to accessibility to vacant habitats
 High energy subsidy from previously dry bars, benches, anabranches, billabongs and
floodplains.
 Large breeding response
 Rapid growth
 High body condition
 Large changes in species population structure
 Large changes in assemblage structure
Key Flow Attributes:
 flow magnitude
 rate of rise
 flow timing
 flow duration
 time since last flow
 flood frequency
Key covariates:
 weather (season)
 access to flooded habitats by exotic species such as carp
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A2D. Waterbirds
Overview
There have been numerous recent reviews of environmental water requirements of
waterbirds in the Murray-Darling Basin (e.g. Brandis et al. 2009, 2011, Reid et al. 2009,
Rogers and Ralph 2011). These reviews indicate that there is considerable knowledge
concerning the location of important wetlands and floodplains within the Basin that are
used by large numbers of waterbirds (e.g. Brandis et al. 2009, 2011, Kingsford et al. 2012).
There is also significant knowledge concerning the ecology (i.e. feeding and breeding) of
particular waterbird species at particular sites, e.g. the Macquarie Marshes. Such
observational data has been used to infer water requirements for waterbird habitat use,
including both feeding and breeding, at local scales. Understanding of specific triggers for
waterbird breeding, e.g. water depths, however, remain limited in most locations (Brandis et
al. 2009). Additionally, there are major knowledge gaps concerning habitat use by
waterbirds at larger scales such as how waterbirds move between feeding and breeding
habitats at landscape scales, and between landscapes at regional and continental scales
(Brandis et al. 2009). Here, key aspects associated with understanding water requirements
for waterbird survival and breeding are identified based on recent literature reviews.

Water requirements for waterbird survival
Waterbirds can be categorised into five major groups based on their resource and habitat
use (Table 3). Since these resources and habitats are all associated with physical habitat
structure, aquatic communities and vegetation, water regime strongly governs their
availability, distribution and quality across wetland and floodplain landscapes, as discussed
in the preceding sections. All of the flow attributes identified as significant determinants of
physical structure, aquatic communities and vegetation are therefore likely to influence
waterbird survival. Flood timing, for example, can affect foraging habitat quality through the
influence of temperature on both vegetation development (e.g. Capon 2007) and
invertebrate emergence (e.g. Jenkins and Boulton 2003).
Water depth in particular plays a significant role in determining the availability of habitat
types used by different waterbird species, e.g. shallow water for grazers vs. deeper water for
piscivores (Table 3; (Bancroft et al. 2002, Kingsford et al. 2004)). The structure of different
habitat patches across the landscape therefore influences the composition and diversity of
waterbird assemblages at larger scales. Since most waterbird species need to move between
habitats to survive and reproduce, a mosaic of habitats is therefore favourable to robust
populations and diverse waterbird assemblages at landscape and regional scales, especially
in regions where temporary wetlands predominate (Brandis et al. 2009). Flow variability is
therefore a significant determinant of waterbird diversity (Brandis et al. 2009).
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Table 3: Major waterbird groups (Source: Brandis et al. 2009)
Waterbird group

Foods

Habitats

Breeding strategy

Dabbling and diving
ducks

plankton, small
invertebrates, plant
material

shallow water,
littoral zone

solitary

Grazers (e.g. swans,
ducks)

plant material

shallow water,
littoral zone

colonial or solitary

Piscivores (e.g.
pelicans,
cormorants)

fish

open and deeper
water

colonial

Large waders

macroinvertebrates,
fish, amphibians

littoral zone

colonial or solitary

Shorebirds

small invertebrates,
seeds

littoral zone,
mudflats

solitary

Water requirements for waterbird breeding
Flooding provides cues for waterbird breeding as well as influencing reproductive success,
i.e. successful raising of chicks. Inundation depth and duration are known to be key variables
influencing waterbird breeding in the Murray-Darling Basin (Brandis et al. 2009).
Inundation depth
Waterbirds are known to respond to changes in water level, e.g. by initiating nest
construction or abandoning nests or chicks (Leslie 2001, Kingsford et al. 2010). Reductions in
water level may also affect reproductive success by facilitating greater predation from land
predators (Brandis et al. 2011).
Inundation duration
Three and a half months, including one month for incubation and the remainder for fledging,
are assumed to be required for successful reproduction of colonial nesting waterbirds
following egg laying (Leslie 2001). Since waterbirds also require sufficient preparation time
prior to egg laying, a flood duration in suitable breeding habitat of at least five to six months
is assumed necessary for successful reproduction to occur in most species, although
requirements are known to vary slightly between species (Brandis et al. 2009, 2011).
Flow volume
The depth and duration of suitable waterbird breeding habitat (i.e. particular vegetation
communities) inundated are determined largely by inflow volumes.
Inundation timing
In contrast to the Northern Hemisphere, waterbird breeding in Australia, especially in inland
areas, tends to be more opportunistic, in response to flooding, rather than seasonal.
Temperature is still likely to be important, however, and colonial waterbirds have been
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observed to abandon chicks when breeding has occurred in winter (McCosker 1996, Taft et
al. 2002). Flood timing may also influence the quality of foraging habitat since temperatures
affect both vegetation development (e.g. Capon 2007) and invertebrate emergence (e.g.
Jenkins and Boulton 2003).

Significant covariates
The occurrence and success of waterbird breeding events, as well as the abundance and
composition of waterbird assemblages at a particular wetland, reflect a wide range of local,
regional and continental factors (e.g. Roshier et al. 2001). Indeed, in the case of migratory
species, local patterns might even be affected by events on other continents. For the most
part, however, research indicates that water regime (e.g. water level) has an overriding
influence (e.g. Bancroft et al. 2002). At local scales, key influences on waterbird populations
and assemblages include vegetation structure and condition (e.g. lignum shrubland or
reedbeds). At larger scales habitat availability across the landscape may be important
(Brandis et al. 2009). Continental and global scale climate systems, e.g. the Madden-Julian
oscillation, also appear to influence the abundance of waterbirds at particular sites
(Padgham 2011).
Summary of waterbird responses to flooding

Key Ecological responses to flow:
 foraging
 preparation for breeding
 egg laying
 incubation
 fledging
Key Flow Attributes:
 inflow volume
 changes in flood depth
 flood duration
 antecedent conditions (time since last flood)
 flood timing
Key covariates:
 vegetation structure and condition
 weather and larger-scale climate oscillations
 landscape structure (i.e. of habitat patches)
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APPENDIX 3. List of knowledge gaps identified by science review in relation to the development of flow
indicators for the environmental asset sites.
N.B. Prioritisation of knowledge gaps in relation to the selection criteria shown has been conducted by the project team based on literature reviews,
stakeholder engagement and expert opinion. Knowledge gaps ranked as high priority are highlighted.








The ID codes used in the table below correspond to the following:
 Baseline ecological data (BD)
 Hydrology baseline ecological data (HBD)
 Physical habitat baseline ecological data (PHBD)
 Vegetation baseline ecological data (VBD)
 Aquatic communities baseline ecological data (ABD)
 Waterbirds baseline ecological data (WBD)
ID

Knowledge gap

Relevance to
ESLT process

Level of
existing
knowledge

Ecological
value

Physical habitat ecohydrological relationships (PHER)
Vegetation ecohydrological relationships (VER)
Aquatic communities ecohydrological relationships (AER)
Waterbirds ecohydrological relationships (AER)
Vegetation significant covariates (VSC)
Aquatic communities significant covariates (ASC)
Waterbirds significant covariates (WSC)
Socioeconomic
value (e.g.
aesthetics)

Likelihood of
research generating
new and useful
knowledge

Timeframe to
complete research

Overall
priority

Short (<2yrs)
Med (2-5 yrs)
Long (>5 yrs)

BD1

Consistent aquatic ecosystem
mapping and classification across
the northern Basin

High

Moderate

High

High

Moderate

Medium

High

HBD1

Historical distribution of inchannel permanent refugia on
the lower Balonne floodplain in
relation to flow

High

Low

High

High

High

Short

High
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ID

Knowledge gap

Relevance to
ESLT process

Level of
existing
knowledge

Ecological
value

Socioeconomic
value (e.g.
aesthetics)

Likelihood of
research generating
new and useful
knowledge

Timeframe to
complete research

Overall
priority

Short (<2yrs)
Med (2-5 yrs)
Long (>5 yrs)

HBD2

Historical patterns of connections
both in-channel and between
channels and floodplain and
critically, between the BarwonDarling and the Balonne River via
the channel networks of the
Lower Balonne floodplain, and
relationships to flow

High

Low

High

High

High

Short

High

HBD3

Historical patterns of inundation
(including depth, duration, extent
etc.) and relationships with flow
on the Lower Balonne floodplain
and Barwon-Darling system

High

Low

High

High

High

Short

High

Moderate

Low

Moderate- ModerateHigh
High

High

Med

Moderate

PHBD1 Erosion rates in both natural and
altered areas in relation to soil
entrainment, movement and
deposition
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ID

Knowledge gap

Relevance to
ESLT process

Level of
existing
knowledge

Ecological
value

Socioeconomic
value (e.g.
aesthetics)

Likelihood of
research generating
new and useful
knowledge

Timeframe to
complete research

Overall
priority

Short (<2yrs)
Med (2-5 yrs)
Long (>5 yrs)

VBD1

Consistent vegetation maps at
appropriate resolution across
whole northern Basin – use of
satellite record but groundtruthing important

High

Moderate

High

High

High

Med

High

VBD2

Population structure of asset
species

Moderate

Low

High

High

High

Short

Moderate
- High

VBD3

Composition and classification of
understorey vegetation,
especially in Barwon-Darling

High

Low

High

Moderate

High

Short

Moderate
- High

VBD4

Composition and classification of
propagule banks, especially in
Barwon-Darling

Low –
Moderate

Low –
Moderate

High

Low

Moderate – High

Med

Low Moderate

VBD5

Historic variability of vegetation
composition and structure

Moderate

Low

Moderate

Moderate

High

Med

Moderate
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ID

Knowledge gap

Relevance to
ESLT process

Level of
existing
knowledge

Ecological
value

Socioeconomic
value (e.g.
aesthetics)

Likelihood of
research generating
new and useful
knowledge

Timeframe to
complete research

Overall
priority

Short (<2yrs)
Med (2-5 yrs)
Long (>5 yrs)

VBD6

Temporal variability and
trajectories of vegetation –
understanding baseline
conditions, response to historical
change, resilience to flooding,
especially recovery trajectories

High

Low

Moderate

Moderate

Moderate

Long

Moderate

ABD1

Consistent database of aquatic
species distribution and
abundance across northern MDB

High

LowModerate

High

High

High

Short

High

ABD2

Population structure of asset
species

High

Low

High

High

High

Short

High

ABD3

Use of physical habitats by
aquatic fauna in persistence and
dispersal

Moderate

LowModerate

High

High

High

Long

Moderate
- High

ABD4

The role of the Barwon-Darling
River as a refuge for obligate
aquatic communities and for
dispersal into the Balonne

Moderate

LowModerate

High

High

High

Long

Moderate
- High
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ID

Knowledge gap

Relevance to
ESLT process

Level of
existing
knowledge

Ecological
value

Socioeconomic
value (e.g.
aesthetics)

Likelihood of
research generating
new and useful
knowledge

Timeframe to
complete research

Overall
priority

Short (<2yrs)
Med (2-5 yrs)
Long (>5 yrs)

WBD1

Up to date assessment and
synthesis of existing datasets to
map important waterbird sites
across northern MDB (attributed
with composition data, breeding
event data etc.) and identify
temporal variability in habitat
use.

High

High

High

High

Moderate

Short

High

WB2

Tracking of waterbird movement
across habitats, sites and
landscapes

Moderate

Low

High

High

High

Long

Moderate
- High

PHER1

Effects of current and proposed
water use on the distribution of
in-channel permanent refugia on
the lower Balonne floodplain

High

Low

High

High

High

Short

High

PHER2

Effects of hydrological changes
on patterns of in-channel and
floodplain siltation

High

LowModerate

Moderate- ModerateHigh
High

Moderate-High

Med-Long

Moderate
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ID

Knowledge gap

Relevance to
ESLT process

Level of
existing
knowledge

Ecological
value

Socioeconomic
value (e.g.
aesthetics)

Likelihood of
research generating
new and useful
knowledge

Timeframe to
complete research

Overall
priority

Short (<2yrs)
Med (2-5 yrs)
Long (>5 yrs)

PHER3

Role of different flow magnitudes
in erosion and deposition
processes

High

LowModerate

Moderate- ModerateHigh
High

Moderate-High

Med-Long

Moderate

PHER4

Effects of current and proposed
water use on patterns of
connections both in-channel and
between channels and floodplain
and critically, between the
Barwon-Darling and the Balonne
River via the channel networks of
the Lower Balonne floodplain

High

Low

High

High

High

Short

High

VER1

Local information about growth
and reproduction responses to
flow of key plant species,
especially coolibah

High

Moderate

High

High

Moderate

Med

High

VER2

Relationships between key plant
species’ population structures
and flood history (e.g. flood
frequency)

Moderate

Low

High

Low

Moderate

Short

Moderate
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ID

Knowledge gap

Relevance to
ESLT process

Level of
existing
knowledge

Ecological
value

Socioeconomic
value (e.g.
aesthetics)

Likelihood of
research generating
new and useful
knowledge

Timeframe to
complete research

Overall
priority

Short (<2yrs)
Med (2-5 yrs)
Long (>5 yrs)

VER3

Relationships between the
distribution of key vegetation
communities (and their
composition, structure and
condition) and flood history (e.g.
flood frequency)

High

LowModerate

High

Moderate

Moderate

Short

ModerateHigh

VER4

Relationships between vegscape
structure and dynamics (i.e.
patch dynamics) and flood
history (e.g. flood frequency)

High

Low

High

Moderate

Moderate

Short

Moderate

VER5

Effects of flow on plant-plant
interactions and their role in
vegetation dynamics

Low

Low

Moderate
– High

Low

Low – Moderate

Med

Low Moderate

AER1

Water requirements of key
aquatic species, including
vulnerable ones

High

Low

High

High

Moderate

Med

High
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ID

Knowledge gap

Relevance to
ESLT process

Level of
existing
knowledge

Ecological
value

Socioeconomic
value (e.g.
aesthetics)

Likelihood of
research generating
new and useful
knowledge

Timeframe to
complete research

Overall
priority

Short (<2yrs)
Med (2-5 yrs)
Long (>5 yrs)

AER2

Local information about
reproduction, growth and
survivorship in response to flow
events by key aquatic species

High

Low

High

High

Moderate

Med

High

AER3

Local relationships between key
aquatic species response to flow
events via movement strategies,
tied to recruitment success

Moderate

Low

High

Low

Low

Med

Moderate

AER4

Local knowledge of carp lifehistory and movement and how
this impacts asset species

High

Moderate

High

Moderate

Low

Med

High

AER5

Assemblage level responses of
aquatic fauna to flow

Moderate

Low

High

Moderate

Low

Long

Moderate

WER1

Site-based assessments of
important waterbird sites to
determine flow thresholds for
waterbird presence and
reproduction

High

LowModerate

High

High

High

Long

High
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ID

Knowledge gap

Relevance to
ESLT process

Level of
existing
knowledge

Ecological
value

Socioeconomic
value (e.g.
aesthetics)

Likelihood of
research generating
new and useful
knowledge

Timeframe to
complete research

Overall
priority

Short (<2yrs)
Med (2-5 yrs)
Long (>5 yrs)

WER2

Landscape-scale assessment of
habitat use by waterbirds in
relation to larger spatial and
temporal patterns in water
availability and flow conditions

High

Moderate

High

ModerateHigh

High

Long

High

VSC1

Interactive effects of weather,
grazing and groundwater
availability on vegetation
responses to flow

High

Low

High

High

High

Med

High

VSC2

Patchy populations of key pant
species in relation to stressors
and disturbances in relation to
land use including in-stream
barriers

Moderate

Low

Moderate
– High

Moderate –
High

Moderate – High

Med

Moderate
- High

ASC1

Influence on the distribution and
abundance of aquatic species by
physical impacts of land-use and
disturbances such as in-stream
barriers and erosion

High

Moderate

High

Moderate

High

Med

High
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ID

Knowledge gap

Relevance to
ESLT process

Level of
existing
knowledge

Ecological
value

Socioeconomic
value (e.g.
aesthetics)

Likelihood of
research generating
new and useful
knowledge

Timeframe to
complete research

Overall
priority

Short (<2yrs)
Med (2-5 yrs)
Long (>5 yrs)

ASC2

Influence on the distribution and
abundance of the native aquatic
species by exotic species such as
carp

High

Moderate

High

High

Moderate

Med

High

WSC1

Determination of habitat
requirements (e.g. vegetation
structure) for waterbird breeding
and feeding at site and landscape
scales (i.e. patch dynamics)

Moderate

Low

High

ModerateHigh

High

Long

Moderate
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