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Executive Summary
Alteration of the natural flow regime across the majority of valleys in the Northern Murray-Darling
Basin has had significant impacts on the hydrological, hydraulic and ecological conditions that native
fish rely on for recruitment success and survival. The degradation of instream processes and habitat
features across most major systems has resulted in the majority of fish communities of the Northern
Basin being in poor to moderate condition.
Current activities across the Murray-Darling Basin, especially those related to water management,
provide opportunities for fish communities to recover from impacts associated with river regulation.
To achieve this, management actions need to be developed based on best available science and
knowledge. The Fish and Flows in the Northern Basin project has contributed to the consolidation and
improvement of science and knowledge in the Northern Basin.
The Fish and Flows in the Northern Basin project was commissioned by the Murray-Darling Basin
Authority in November 2014 to improve the understanding of Environmental Water Requirements
(EWRs) for fish in the Northern Basin as part of the Northern Basin Review. Earlier stages of the project
included an extensive literature review, where over 150 sources of information were considered
(Stage 1), a Northern Basin Expert Panel workshop of university and government experts (Stage 2),
and further work to consider available information for the wider Northern Basin (Stage 2).
The information assessed in Stage 2 was used to determine the fish communities present in the
Northern Basin and their condition; specify functional groups based on similarities in flow
requirements, and; develop conceptual flow models that can be applied to reaches through the use
of site-specific information.
The Northern Basin Expert Panel workshop enabled a group of fish experts from across the MurrayDarling Basin to meet and discuss the latest thinking and research available to define flow
requirements of fish in the Northern Basin. The Expert Panel were instrumental in identifying all
available literature and informing functional groups for fish and the flows that would benefit
spawning, recruitment, movement and migrations, maintenance and condition. Following the
workshop, five functional groups were identified, including:
1. Flow Dependent Specialists (e.g. Golden Perch and Silver Perch)
2. In-channel Specialists
A Flow Dependent (e.g. Murray Cod)
B Flow Independent (e.g. Freshwater Catfish)
3. Floodplain Specialists (e.g. Olive Perchlet and Rendahl’s Tandan)
4. Generalists (e.g. Bony Bream)
5. Generalists (alien species) (e.g. Carp)
This report presents Stage 3 of the project, which has used the information from the first two stages
to focus on determining EWRs for fishes in the Barwon-Darling where there is available information
to apply the conceptual flow models.
Information related to fish and flow interactions and requirements in the Barwon-Darling River has
been considered in the context of water management, habitat condition and fish community status
for the system. This analysis has been significantly enhanced by the collection of new instream habitat
information for the 1,100 km reach of the Barwon-Darling between Walgett and Wilcannia, as well as
the interrogation of detailed hydrological information and fish related research findings to progress
EWRs for fish in the Barwon-Darling River.
Seven site-specific flow indicators have been developed to represent the EWRs of the Barwon-Darling
at three representative sites as part of the Fish and Flows in the Northern Basin project (Table i). These
flow indicators aim to provide longitudinal connectivity, cues for life-cycle responses, improved
habitat availability, increased primary productivity, and enhanced fish condition in the Barwon-Darling

ii

River. These flow indicators are based on fish eco-hydrology information considered during the
project, and were tested against without development and baseline (i.e. pre Basin Plan conditions)
hydrology modelling to ensure the requirements are consistent with the natural hydrology of the
system.
The implementation of these EWRs would achieve significant native fish outcomes. The outcomes are
especially tailored to the species of the fish community that are reliant on flow events for specific lifecycle requirements (i.e. the Flow Dependent Specialists and In-channel Specialists), by providing
improved spawning and recruitment opportunities. These EWRs will also enhance spawning and
recruitment opportunities for the Generalist functional group and the In-channel Specialists that are
less reliant on flows, and will enhance the maintenance and condition of all native fish functional
groups.
The proposed EWRs are an improvement compared to the in-channel EWRs for the Barwon-Darling
that were developed to inform the Basin Plan, as an expanded evidence base on the eco-hydrology
requirements of fish in the Northern Basin has been used. The new set of site-specific flow indicators
continue to primarily focus on in-channel environmental outcomes for fish, which will benefit all of
the functional groups of native fish; however, based on the expanded evidence base, there have been
refinements to elements of the flow indicators including the seasonal timing, duration, flow threshold,
number of events in a season and frequency. As part of the Northern Basin Review, the MDBA will
subsequently use these flow indicators and others developed in other projects to model water
recovery options.
In addition to the in-channel outcomes, significant native fish responses would be expected from
overbank flows. The information presented about the requirements of the Floodplain Specialist
functional group should be taken into consideration when determining EWRs for floodplain
environmental outcomes in the Barwon-Darling as additional new information is available, such as the
floodplain inundation information and vegetation distribution data. In addition, the conceptual flow
models developed as part of this project could be applied in other Northern Basin catchments as part
of future management actions using site-specific data. This work cannot be achieved within the
timeframe of the Northern Basin Review but could be considered as part of any longer term research
program.
The proposed EWRs seek to reinstate flows needed to sustain healthy and resilient populations of
native fish. However, it is important to acknowledge that whilst flow restoration is critical for
delivering native fish outcomes in the Northern Basin, a range of other factors will also influence
outcomes, including aquatic habitat, riparian management, water quality issues, extraction, and fish
passage. The information collected for this project, especially the habitat mapping data, can be used
to target future work related to these factors. To ensure the most efficient and effective use of
environmental water, coordinated and targeted complementary actions also need to be considered
in an adaptive management framework that incorporates rigorous scientific monitoring and
evaluation. Water requirements and management actions for fish can continue to be progressed
through the new information compiled through this project, and a commitment to further developing
knowledge and management actions in the Northern Basin.

iii

Table i: Proposed site-specific flow indicators and associated ecological targets for the Barwon-Darling
River based on outcomes from the Fish and Flows in the Northern Basin project.
Site

Site-specific ecological targets

To improve the inundation and availability
of key habitat features along the BarwonDarling River, particularly for large woody
debris.
Barwon-Darling
River at Bourke

To improve the longitudinal connectivity
along the Barwon-Darling River, enhancing
upstream and downstream migration and
movement opportunities for native fish.
Providing flow regimes that enhance
spawning and recruitment opportunities
for Flow dependent specialist native fish
species.

Darling River at
Louth

To improve the inundation and availability
of key habitat features along the BarwonDarling River, particularly for large woody
debris, providing flow regimes that
enhance spawning and recruitment
opportunities for In-channel Specialist
native fish species.
To improve the longitudinal connectivity
along the Barwon-Darling River, enhancing
upstream and downstream migration and
movement opportunities for native fish.

Darling River at
Wilcannia

To improve the inundation of key habitat
features that contribute to primary
productivity along the Barwon-Darling
River, enhancing opportunities to improve
food supply and body condition for native
fish.
To improve the system wide connectivity
along the Barwon-Darling River, enhancing
upstream and downstream migration and
movement opportunities for native fish.
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Site-specific flow indicators
Minimum of 1 flow event of
6,000 ML/day for a minimum of 14
consecutive days from July to June for
80% of years (low and high uncertainty).
Minimum of 1 flow event of
10,000 ML/day for a minimum of 14
consecutive days from August to May for
60% (high uncertainty) to 80% (low
uncertainty) of years.
Minimum of 2 flow events of
10,000 ML/day for 20 consecutive days
from August to May, with a minimum
peak event of 15,000 ML/day for five
days incorporated for 25% (high
uncertainty) to 34% (low uncertainty) of
years.

Minimum of 1 flow event of
6,000 ML/day for 20 consecutive days
from August to May for 70% (low and
high uncertainty).
Minimum of 1 flow events of
21,000 ML/day for 20 consecutive days
from August to May for 40% of years (low
and high uncertainty.

Minimum of 2 flow events of
6,000 ML/day for 8 consecutive days
from August to May for 44% (high
uncertainty) to 59% (low uncertainty) of
years.
Minimum of 1 flow event of
20,000 ML/day for 5 consecutive days
from July to June for 44% (high
uncertainty) to 58% (low uncertainty) of
years.
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1. Introduction
1.1 Background and objectives
The Sustainable Diversion Limits in the Basin Plan are required to reflect an Environmentally
Sustainable Level of Take (ESLT), which is defined in the Water Act 2007 as the level at which water
can be taken without compromising key environmental assets, key ecosystem functions, the
productive base, and key environmental outcomes.
To inform the ESLT, the Murray-Darling Basin Authority (MDBA) determined Environmental Water
Requirements (EWRs) for 11 sites in the Northern Basin that are considered to be ‘umbrella
environmental assets’. The philosophy underpinning the use of umbrella environmental assets was
that a set of sites (assets) could be selected for which the flow-ecology relationships are relatively well
understood and for which flow requirements are likely to reflect the needs of a broader set of assets
in the reach or catchment (MDBA, 2011). The flow requirements were then specified at a fixed gauge
location as a set of flow indicators that collectively represent a flow regime that supports the
achievement of site-specific ecological targets (including for fish).
The site-specific flow indicators were described using a threshold (or volume), duration, timing and
frequency of particular flows. Flow volume or thresholds were defined based on known flow–ecology
relationships (e.g. the flow required to inundate a certain channel, area or floodplain feature). The
duration, frequency and timing were based on the known requirements of ecosystem components
(fish, vegetation and/or waterbirds).
The flow requirements of fish species were used to inform the EWRs, although at the time of Basin
Plan development there were few sites with limited amount of information on the flow–ecology
relationships for fish. In the absence of a detailed understanding of flow-ecology relationships for fish,
the approach adopted by MDBA to develop EWRs drew upon a general understanding that flows that
connect the river channel to the floodplain and in‐channel flow variability are important for sustaining
fish populations throughout the Basin. .
Accordingly, the site specific flow indicators for fish were expressed in general terms and focused on
providing key fish species with greater access to habitats by wetting benches, banks and in‐stream
habitat, as well as facilitating opportunities for native fish migration and recruitment. For example,
the in-channel flow indicators at Louth for the Barwon-Darling include a 10 day duration based on the
time for adhesive Murray Cod eggs to be laid, hatch, and get into the main stream.
During a review into the scientific basis of the EWRs in the Condamine-Balonne and Barwon-Darling,
flow-ecology relationships for fish were identified as a key knowledge gap that required further
investigation (Sheldon et al. 2014). This Fish and Flows in the Northern Basin project (contract
MD2867) attempts to address this knowledge gap by improving the understanding of EWRs for fish,
with a focus on the Barwon-Darling, Condamine-Balonne and other regulated systems in the Northern
Basin where there is sufficient information to support the project. The project also aims to ensure that
the science underpinning EWRs for fish species in the Northern Basin is current and based on the best
available science.
This report addresses Stage 3 outcomes for the project. The project is being carried out by NSW
Department of Primary Industries (DPI) on behalf of the Murray-Darling Basin Authority (MDBA). The
project has been developed to assist the MDBAs Northern Basin Review, which aims to conduct
research and investigations into aspects of the Basin Plan in the Northern Basin.
The project has been developed in three stages:
Stage 1 – Literature review and project planning (completed).
Stage 2 – Valley scale and preliminary reach scale assessments (completed).
Stage 3 – Reach scale assessment (the focus of this report).
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Targeted valley scale assessments for particular areas of the Northern Basin have been completed as
part of Stage 2 for the Barwon-Darling, Condamine-Balonne, Border Rivers, Gwydir, Namoi and
Macquarie-Castlereagh systems (NSW DPI, 2015a). This analysis investigated existing Basin-wide
Environmental Watering Strategy (BWS) objectives and existing site-specific flow indicators; fish
barriers and connectivity issues; aquatic habitat condition, and; fish community status.
This information has improved and consolidated the understanding of hydrological and ecological
information for these systems. Information from other Northern Basin systems (such as the Warrego,
Paroo and Moonie Rivers) was also considered during Stages 1 and 2 of the project. However, these
systems have been excluded from detailed assessment as part of this project due to their lower level
of water resource development.
Stage 3 of the project involves a reach scale assessment of information collected during the project to
consider ecologically meaningful flow relationships for priority reaches, which has been resolved to
include reaches of the Barwon-Darling (see Section 2.4). This assessment includes information that
can be used to develop flow requirements such as flow threshold, volume, duration, seasonality,
frequency, and rate of rise and fall at key locations, as well as an assessment to:





determine if new knowledge from the other Northern Basin environmental science projects
could be used to inform flow-ecology relationships for fish (e.g. floodplain inundation models,
vegetation and wetland mapping and/or waterhole refuge project);
consider if flows can be described to support fish movement in the Barwon-Darling and
between its tributaries, or to describe requirements for low flows;
consider information on likely flow responses of Carp to determine if there are environmental
water requirements that can be specified that do not give Carp an unnecessary advantage
over native fish species; and
consider critical flow thresholds most affected by river regulation for the priority reaches of
the Barwon-Darling system.

The report provides detail on methods used by NSW DPI to perform activities and achieve project
objectives and outcomes. Project limitations, knowledge gaps and recommendations for future work
are also identified.
2. Background
2.1 Northern Basin
The Northern Murray-Darling Basin includes more than half of the Murray-Darling Basin, and is defined
by the catchment area of the Barwon-Darling River and its tributaries upstream of Menindee Lakes
(Figure 1). The Northern Basin can be divided in the three main geographic zones of montane, slopes
and lowlands (Nichols et al. 2012).
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Figure 1: Map of the Northern Basin as defined by the MDBA and for the purposes of the Fish and
Flows in the Northern Basin project (source: MDBA, 2011).
Major tributaries that contribute to the Barwon-Darling River include the Condamine-Balonne,
Macintyre, Gwydir, Namoi, Castlereagh and Macquarie Rivers, which enter the system upstream of
Bourke, and the Paroo and Warrego Rivers that contribute intermittent flows downstream of Bourke
during high rainfall periods (MDBA, 2012). These systems can generally be described as either:




Perennial – characterised by continuous flows, but may experience short periods of low or no
flow during droughts or extended dry spells. The best examples of ‘perennial’ systems in the
Northern Basin are the Border Rivers and Namoi catchments.
Occasionally intermittent – generally semi-arid, experiencing some zero flows on a long-term
basis. An example of an ‘occasionally intermittent’ system is the Barwon-Darling.
Highly intermittent – arid systems, experiencing significant zero flows on a long-term basis.
Examples of highly intermittent systems in the Northern Basin include the Paroo and Warrego
rivers.

While differences should not be overstated, the Northern Basin does have some important
distinguishing features from the Southern Murray-Darling Basin, including:



The Northern Basin is generally flatter and drier than the Southern Basin, meaning that it has
a much lower gradient and leads to the formation of major wetland areas in lower areas.
Rainfall in the Northern Basin is lower overall and more variable than in the south.
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The Northern Basin generally receives high rainfall during summer and early autumn,
experiencing high evaporation rates and floods that spread across larger areas of the
floodplain, whilst the south has high rainfall during the winter.
Water temperatures in the Northern Basin are also often higher on average than for Southern
Basin systems. For example, winter water temperatures in Queensland parts of the Basin may
remain above 10°C, while parts of the NSW Northern Basin also have relatively high winter
minimum temperatures (Hutchison et al. 2011). Increased flows in Northern Basin systems
may also coincide with higher water temperatures, creating optimum conditions for fish
breeding (NSW DPI, 2013a). This is reflected in a slightly earlier spawning season for Murray
Cod in some Northern Basin systems (e.g. the Border Rivers catchment), where the species
may spawn in August to September rather than mid to late spring spawning for Southern Basin
systems (Wilson and Ellison, 2010; Nichols et al. 2012).
Northern Basin catchments are generally less regulated and have a more variable flow,
especially during summer and early autumn. Annual river flow may range from just 1% to over
1000% of the annual mean, and periods of no flow can extend from months to years (Saintilan
and Overton, 2010).
Much of the Northern Basin is sparsely populated and remote. The total population of the
Northern Basin is estimated at around 590,000 (based on cumulative totals from specified
catchments), compared to around 2.1 million in the Basin as a whole (Australian Bureau of
Statistics, Australian Bureau of Agricultural and Resource Economics and Bureau of Rural
Sciences, 2009).
Understanding of aquatic ecosystems and fish-flow interactions in the Northern Basin is also
more limited when compared to the Southern systems (partly due to factors identified above).

To address these limitations, the MBDA is undertaking the Northern Basin Review, conducting
research and investigations into aspects of the Basin Plan.
2.2 Aquatic habitat of the Northern Basin
The flow regime of the Northern Basin is one of the most variable in the world, playing a vital role in
the ecology of the aquatic and riparian environment of the system (MDBA, 2012). The variability of
flows across the Basin has helped create habitat diversity and availability in the system, as well as
controlled the supply of nutrients and food production available to aquatic communities (Rolls et al.
2013). The freshwater environment of the northern catchments is comprised of an extensive range of
aquatic habitats including deep channels, swamps, floodplains, and wetlands (NSW DPI, 2007a).
Within these broad habitat types, niche habitats such as deep pools, riffles, benches, snags, gravel
beds, aquatic vegetation and riparian vegetation are present, diversifying the habitat available to
aquatic species in the Northern Basin (MDBA, 2012a).
Floodplain wetlands are a key feature of the Northern Basin landscape, including billabongs,
anabranches and distributary channels. There are a number of nationally important wetlands located
in the Northern Basin, including the Talyawalka Anabranch and Teryaweynya Creek system, the Lower
Balonne system, Narran Lake, Gwydir Wetlands, Macquarie Marshes and Currawinya Lakes (MDBA,
2012a). These extensive wetland areas and associated smaller systems provide many important
ecosystem functions, including filtering sediments, releasing nutrients and providing important
breeding and nursery habitats for native fish (Beesley et al. 2012; Górski et al. 2013).
Main-channel rivers and creeks of the Northern Basin also provide significant areas of quality instream habitat, including deep pools, benches and large woody debris (NSW DPI, 2007a). This habitat
is important for native fish in the system, providing areas for refuge, breeding, feeding and shelter.
Inset-floodplain benches also play an important role in riverine ecology providing areas of varying
levels that facilitate the accumulation of debris, sediment and nutrients, allowing the cycling of
carbon, nutrients and food in the system (Southwell, 2008; Foster and Cooke, 2011).
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In recognition of how important a healthy Northern Basin is to the local communities and native fish
populations of the Murray-Darling Basin, the Barwon-Darling system has been recognised as a High
Conservation Value Aquatic Ecosystem, and the aquatic ecological communities of the lowland Darling
River, which includes the Barwon-Darling River and major tributaries has been recognised as an
Endangered Ecological Community in NSW (NSW DPI, 2006; NSW DPI, 2007b; NSW DPI, 2011).
2.3 Fishes of the Northern Basin
The Northern Basin has a distinct fish assemblage supported by the extensive and diverse range of
aquatic habitat across the region, with slightly different communities in upland, midland and lowland
zones. A total of 22 native fish species and six introduced fish species are expected to occur in the
Northern Basin (Table 1; NSW DPI, 2012a). A number of these fish species found in the Northern Basin
do not occur in the South, including Rendahl’s Tandan and Hyrtl’s Tandan. These species are likely to
be especially adapted to the warmer temperatures, more ephemeral and variable flows and climate
of the Northern Basin.
In addition to this, some fish species that are considered under threat in the Southern Basin, such as
Olive Perchlet and Purple Spotted Gudgeon also have more healthy populations in the Northern Basin.
The reasons for this are unclear, but may relate to lower levels of river regulation, relatively low Carp
populations in areas where these species occur, lower turbidity and greater presence of macrophytes
in both in-stream and off-channel habitats (Mallen-Cooper, 2015, pers. comm.).
The native fish of the Northern Basin have suffered significant impacts since European settlement
(Boys and Thoms, 2006; Boys, 2007; NSW DPI, 2007b; Davies et al. 2012; NSW DPI, 2015b). Recent
analysis of freshwater fish research data for NSW (completed as part of the Fish Community Status
Project) has consolidated data collected over twenty years of biological surveys. This data has been
combined with spatial distribution models to provide a delineation and spatial recognition of the
condition of fish communities and threatened species across NSW (NSW DPI, 2015b). The overall Fish
Community Status was derived from the three condition indicators of Expectedness, Nativeness and
Recruitment, with outcomes partitioned into five equal bands to rate the condition of the fish
community; Very Good, Good, Moderate, Poor, or Very Poor (NSW DPI, 2015b; Figure 2).
The Expectedness Indicator represents the proportion of native species that are now found within
NSW, compared to that which was historically expected based on expert opinion. The Expectedness
Indicator is derived from two input metrics; the observed native species richness over the expected
species richness at each site, and the total native species richness observed within the zone over the
total number of species predicted to have existed within the zone historically (NSW DPI, 2015b). The
Nativeness Indicator represents the proportion of native versus alien fishes within the river, and is
derived from three input metrics; proportion native biomass, proportion native abundance and
proportion native species (NSW DPI, 2015b). The Recruitment Indicator represents the recent
reproductive activity of the native fish community within each altitude zone. The Recruitment
Indicator is derived from three input metrics; the proportion of native species showing evidence of
recruitment at a minimum of one site within a zone, the average proportion of sites within a zone at
which each species captured was recruiting, and the average proportion of total abundance of each
species that are new recruits (NSW DPI, 2015b).
Generalised Additive Modelling (GAM) analysis was used to model relationships between the fish
assemblage metrics/indicators/index with environmental and River Style® attributes of stream
segments. Modelling of the current geographic distribution of each listed threatened freshwater fish
species or population was undertaken using MaxEnt 3.3.3 (a widely used species distribution
modelling program that utilises presence records to generate probabilities of occurrence based on a
suite of environmental variables quantified across the area of interest) with greater than 33%
probability of occurrence used to predict presence of threatened species for the Fish Community
Status project (NSW DPI, 2015b).
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Additional analysis of the freshwater fish research data examined Carp recruitment over all major river
valleys in the Murray-Darling Basin to determine the spatial arrangement of identified Carp hotspots
(Gilligan, in press; Figure 2). Spatial analysis was undertaken on standardised data from Basin scale
and valley scale assessments for the distribution of young-of-year (YOY), sub-adult and adult Carp to
test if there was a source-sink population structure for Carp at a Basin-wide scale, with further
analyses undertaken at the valley scale to further determine if additional localised Carp hotspots
existed within other regions of the Basin (Gilligan, in press).
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Figure 2: Fish Community Status for the NSW section of the Northern Murray-Darling Basin, highlighting condition of fish communities and Carp hotspots.
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There are minimal reaches of waterways in the NSW portion of the Northern Basin that are in good to
very good condition, with the majority of reaches classified with this value located in the
predominantly unregulated western systems (Figure 2). Significant stretches of rivers and creeks in
the NSW Northern Basin have fish communities in a poor to very poor status, reflecting impacts to
environmental conditions, as well as the dominance of alien species in some sections of the Basin. The
majority of waterways in the NSW portion of the Northern Basin are in a moderate condition, which
demonstrates great potential for recovery if appropriate management actions are developed and
implemented (Figure 2).
The results from the Fish Community Status project mostly align with those of the second Sustainable
Rivers Audit (SRA) report, which found that the fish community of the majority of valleys in the
Northern Basin are in an extremely poor to poor condition, with only the Border Rivers (moderate),
Condamine (moderate) and Paroo (good) being in a reasonable condition (Davies et al. 2012). Many
factors have contributed to the deterioration of native fish in the Northern Basin including barriers to
fish passage, changes to water flow, degradation of in-stream habitat and riparian vegetation, poor
land management, and alien fish species (NSW DPI, 2007b).
Eight of the native fish species recorded in the Northern Basin are listed as threatened by either
Commonwealth or NSW legislation (Table 1). Flathead Galaxias are listed as Critically Endangered
under the Fisheries Management Act (FM Act) 1994, whilst Purple Spotted Gudgeon, Freshwater
Catfish of the Murray-Darling Basin, and the western population of Olive Perchlet are listed as
Endangered under the FM Act 1994; Murray Cod are listed as Vulnerable under the Environment
Protection and Biodiversity Conservation (EPBC) Act 1999, and Silver Perch, Macquarie Perch and
Trout Cod are listed under both the FM Act 1994 and EPBC Act 1999, with Silver Perch being Vulnerable
(FM Act 1994) and Critically Endangered (EPBC Act 1999), whilst Macquarie Perch and Trout Cod are
listed as Endangered under both Acts. All of these species have an expected distribution in the
Northern Basin, with historical records indicating their presence throughout the area.
Of the 28 species that inhabit the Northern Basin, six are alien species that have been introduced into
the system from outside their normal range including Carp, Goldfish, Gambusia and Redfin Perch
(Gehrke and Harris, 2004; Table 1). The abundance and distribution of alien species in the Northern
Basin varies between valleys, with alien species being outnumbered by natives in some catchments,
such as the Border Rivers, Condamine, Paroo and Warrego (Davies et al. 2012). However, for most
catchments, including the Macquarie-Castlereagh, Darling, Namoi and Gwydir, alien species
contribute more than 50% of total fish biomass (Davies et al. 2012).
Carp is the most common alien fish captured in a number of Northern Basin catchments, including the
Darling (representing 10% of all fish captured in the upper and middle zones of the valley), Condamine
and Paroo catchments. Gambusia represents the most common alien fish in other Northern Basin
regions, including the Border Rivers, Macquarie-Castlereagh, Namoi and Gwydir (Davies et al. 2012).
A number of Carp hotspots have been identified in the Northern Basin, including recruitment hotspots
in the Macquarie Marshes, Namoi wetlands and Gwydir wetlands, Lower Warrego and lower Boomi
River (Gilligan and Faulks, 2005; Gilligan, 2007; Figure 2). Other hotpots based on high YOY abundance
include the Barwon and lower reaches of tributary valleys, such as the Bogan, Macquarie, Castlereagh,
Namoi, Gwydir, Border Rivers, Moonie and the distributaries of the Lower Balonne Floodplain (Gehrig
and Thwaites, 2013). The Darling between Tilpa and Burtundy (including Menindee Lakes) is another
potential hotspot but its significance is less clear (Gehrig and Thwaites, 2013; Gilligan, in press).
In addition to the four alien species expected to occur in the Northern Basin waterways, there is
potential for another alien fish, Mozambique Tilapia, to spread its distribution into the Darling system
(Hutchison et al. 2011). The species is currently not found in the Murray-Darling Basin; however, it has
established populations in Queensland catchments neighbouring the Basin, and in some places it is
only a short distance from waters of the Murray-Darling Basin (Hutchison et al. 2011). There is a high
risk that this species will be introduced into the Basin, and consideration of its potential impacts may
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be needed in future water management decisions, as once introduced, Mozambique Tilapia are
successful invaders and tend to dominate waterways (Hutchison et al. 2011).
Alien fish can have a significant impact on native fish populations, through predation, competition for
food and space, introduction of diseases, habitat disturbance and reduction of genetic integrity
through hybridisation (NSW DPI, 2009). Carp in particular can cause significant environmental
damage, resulting in high levels of turbidity and loss of aquatic vegetation, and often outcompete with
native fish for food and space as a result of their larger abundances (NSW DPI, 2009). Gambusia also
tends to outcompete native fish for resources, especially Purple Spotted Gudgeons, due to their
plague proportions (Macdonald and Tonkin, 2008). Gambusia are also an aggressive predator, preying
on a wide variety of aquatic and terrestrial species and fin-nipping other fishes, leading to secondary
infections (Macdonald and Tonkin, 2008; NSW DPI, 2009). Both Goldfish, a known vector of the
Goldfish Ulcer Disease (GUD), and Redfin Perch, a vector of the Epizootic Haematopoietic Necrosis
(EHN) virus, also have the potential to introduce diseases to native fish populations. Silver perch is
particularly susceptible to the EHN virus (Gehrke and Harris, 2004).
Once alien species become established in a new habitat it is almost impossible to completely remove
them, significantly increasing the pressures affecting native fish populations (Lintermans, 2004;
Acevedo et al. 2013). Although alien species are already established in the Northern Basin it is
important not to increase their proliferation where possible and reduce their distribution to new
water bodies within the system. Consideration needs to be given to the potential effect future water
management decisions in the Northern Basin have on alien fish populations, weighed against
subsequent positive or negative implications for native fish.
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Table 1: Fish species expected within the Northern Basin (Federal and NSW State listed threatened species are shaded green and indicated by an asterisk).
(sourced from Beverton and Holt, 1959; Gehrke and Harris, 2004; Lintermans, 2007; Macdonald and Tonkin, 2008; Faulks et al. 2011; Baumgartner, 2011; NSW DPI, 2012a; Baumgartner et al. 2013; Cameron et al. 2013; Koehn et al. 2014,
and reviewed and modified as required by expert knowledge as part of the Fish and Flows in the Northern Basin Expert Panel workshop).
Type
*Largebodied native
species
*Largebodied native
species
Mediumbodied native
species
*Mediumbodied native
species
Mediumbodied native
species
Mediumbodied native
species
*Mediumbodied native
species
*Mediumbodied native
species
Mediumbodied native
species
*Mediumbodied native
species
Mediumbodied native
species
Small-bodied
native
species
Small-bodied
native
species
Small-bodied
native
species
Small-bodied
native
species

Murray Cod

Threatened

Slopes, lowland

Longevity
(years)
Long-lived (60)

Trout Cod

Threatened/Endangered

Montane, slopes

Long-lived

Yes

Sept-Nov

>15 degrees

Bony Herring

Common

Slopes, lowland

Medium-lived
(<5)

Yes

Oct-Feb

>20 degrees

Freshwater
Catfish

Threatened
population)

slopes, Medium-lived
(8)

Yes

Sept-March

>20 degrees

Golden Perch

Relatively common

Slopes, lowland

Long-lived (>26)

Yes

Oct-April

>17 degrees

Nesting,
parental
care
Serial

Hyrtl’s Tandan

Rare
(locally common in Qld)

Lowland

Medium-lived
(3-9)

Yes

Sept-March

>26 degrees

Macquarie
Perch

Threatened

Montane

Long-lived (up to Yes
20)

Oct-Dec

Northern River
Blackfish

Threatened

Montane, slopes

Medium
(3-9)

Rendahl’s
Tandan

Rare

Slopes,
lowland Medium-lived
(Condamine-Balonne) (3-9)

Silver Perch

Threatened

Slopes, lowland

Long-lived (>26)

Spangled perch

Common

Australian
Smelt

Species

Status

River type

Migratory
species
Yes

Sept-Nov

Spawning
temp
>18 degrees

Spawning season

Spawning
method
Nesting,
parental
care
Nesting,
parental
care
Serial

Hatch
time
Low (10,000- 13 days
90,000)
Fecundity

Low (1200- 5-10
11,000)
days

Egg morphology
Sticky, demersal

Larval
drift?
Yes

Sticky,
demersal Yes
(may prefer a hard
substrate)
Buoyant, pelagic
Yes

High
(33,000800,000)
Low

7 days

7 days

Non-sticky,
demersal

Yes

High

3 days

Buoyant, pelagic

Yes

?

High

3 days

Non-sticky,
demersal

Yes

>16 degrees

Batch?

Low (50,000- 11 days
108,000)

Non-sticky,
demersal

No

Oct-Jan

>16 degrees

Low
(200- 14 days
500 eggs)

Sticky, demersal

No

Yes

? (Nov-Dec?)

?

Nesting,
parental
care
?

Low
(900- ?
3465)

?

?

Yes

Oct-April

>19 degrees

Serial

Buoyant, pelagic

Yes

Slopes, lowland

Medium-lived (< Yes
5)

Nov-Feb

>20 degrees

Serial

High
5 days
(200,000300,000)
Low (24,000- 2 days
113,000)

Non-sticky,
demersal

Yes

Common

Montane, slopes

Short-lived (3)

Sept-Feb

>11 degrees

Batch

Low
(100- 10 days
1,500)

Sticky, demersal

Yes

Carp Gudgeon

Varies (rare to common)

Montane,
lowland

Sept-April

>20 degrees

Low
(100- 2 days
2,000)

Sticky, demersal

No

Darling River
Hardyhead

Rare (locally common)

Montane, slopes

Nesting,
parental
care
Batch

?

?

Sticky, demersal

No

Dwarf Flatheaded
gudgeon

Unknown
only)

Low

4-6 days

Sticky, demersal

?

(MDB Montane,
lowland

(Condamine Slopes, lowland

lived No

Yes

slopes, Medium-lived (< Yes
5)
Medium-lived
(3-9)

Yes

Sept-April

Unknown

Medium-lived
(5)

Yes

Unknown

19-22 degrees Batch,
(in captivity)
parental
care
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Type

Species

Status

River type
in Montane, slopes

Longevity
Migratory
(years)
species
Medium (up to Yes
5)

Small-bodied
native
species
Small-bodied
native
species
Small-bodied
native
species
*Smallbodied native
species
*Smallbodied native
species
*Smallbodied native
species
Small-bodied
native
species
Alien species

Flat-Headed
Gudgeon

Unknown
(only
Macquarie valley)

Mountain
Galaxias

Common

Montane, slopes

Medium-lived
(3-9)

No

Murray-Darling
Rainbowfish

Relatively common

Slopes, lowland

Medium-lived
(5)

Yes

Murray Jollytail
(Flathead
Galaxias)
Olive Perchlet

Threatened

Montane (Macquarie Short-lived (<2)
valley), lowland

Threatened
population)

(western Slopes, lowland

Medium-lived
(4)

Purple Spotted
Gudgeon

Threatened

Montane,
slopes, lowland

Unspecked
Hardyhead

Common

Slopes, lowland

Brown trout

Common exotic

Montane

Alien species

Carp

Common exotic

Montane,
lowland

Alien species

Gambusia

Common exotic

Alien species

Goldfish

Common exotic

Alien species

Rainbow Trout

Common exotic

Montane,
lowland
Montane,
lowland
Montane

Alien species

Redfin Perch

Common exotic

Montane

Spawning season
Sept-Feb

Spawning
temp
>18 degrees

Sept-Dec
(small 7-11 degrees
proportion
also
spawns in Autumn)
Sept-Feb
>20

Spawning
method
Batch,
parental
care
Batch

Sticky, demersal

Larval
drift?
Yes

Low (50-400 21 days
eggs)

Sticky, demersal

No

Batch

Low (35-350)

Sticky, demersal

Yes

Fecundity
Low

Hatch
time
6 days

7 days

Egg morphology

may
move Aug-Sept
upstream
Nov/Dec
?
Oct-Dec

>10.5 degrees

Batch?

Low (2,300- 8-9 days
7,000)

Sticky, demersal

No

>22 degrees

Serial

Low
(200- 7 days
2,350)

Sticky, demersal

?

Medium-lived
(10)

?

Sept-Feb

>20 degrees

Low
(200- 9 days
1,300)

Sticky, demersal

No

Short-lived (<2)

Yes

Sept-April

>18 degrees

Batch,
parental
care
Batch

20-100

7 days

Sticky, demersal

No

Medium-lived
(3-9)
slopes, Long-lived (>65)

Yes

April-Aug

<25 degrees

Batch

Low

Sticky, demersal

No

Yes

Sept-March

>17 degrees

Serial

Sticky, demersal

Yes

slopes, Medium-lived
(<3)
slopes, Medium-lived
(<10)
Medium-lived
(3-9)
Long-lived (up to
22)

Yes

Sept-May

>16 degrees

Batch

High
(100,0001,000,000
Low (1-375)

6-20
weeks
6 days

N/A

Live young

N/A

Yes

Oct-Jan

>15 degrees

Serial

High

7 days

Sticky, demersal

No

Yes

Aug-Oct

<22 degrees

Batch

No

Sept-Dec

>12 degrees

Batch

3-12
weeks
1-2
weeks

Sticky, demersal

Yes

Low
(4003000)
High (up to
100,000)

Sticky, demersal

No

11

2.4 Selection of priority reaches
The MDBA nominated a number of reaches that should be considered initially as potential priority
reaches for the project, namely:
 Barwon River between Walgett and Brewarrina
 The Barwon and Darling Rivers between Brewarrina and Bourke
 The Darling Rivers between Bourke and Louth
 The Darling River between Louth and Wilcannia
 The Balonne River between Jack Taylor Weir and the junction of the Culgoa and Balonne
Minor Rivers
 The Culgoa River
 The Narran, Birrie, Bokhara and Ballandool Rivers.
The Stage 2 Valley Scale report identified and reviewed information that would assist the development
of environmental flow requirements in the specified valleys of the Barwon-Darling, CondamineBalonne, Border Rivers, Gwydir, Namoi and Macquarie-Castlereagh. Initial analysis of these valleys
examined available information for water management, including existing flow indicators and
ecological targets, habitat condition, noting any detailed flow interaction information, and fish
community status, looking at the condition of native fish and alien fish populations across the valleys
(NSW DPI, 2015a).
The applicability of this information to determine specific EWRs for these valleys was then assessed in
the context of the fish functional groups and respective conceptual flow models that were produced
as part of the Stage 2 Valley Scale report.
The use of the functional groups and conceptual models to develop EWRs depends on the availability
of information relating to the biological, hydrological and hydraulic aspects of a system, including:






Fish communities (both native and alien species), and their life history attributes, as well as
any flow related monitoring such as spawning, recruitment or movement responses.
Habitat quality, quantity and availability, and any significant impacts affecting these factors,
such as instream barriers.
Commence to inundate volumes for key habitat features, such as large woody debris,
benches, and anabranches, which provide important habitat for spawning and recruitment,
as well as play a key role in nutrient cycling and ecosystem processes.
Channel capacities, and associated velocities of systems.
Natural and current flow regimes, including volumes and thresholds, and their timing,
duration and rate of rise and fall.

Whilst aspects of this information were used previously to determine EWRs in the Northern Basin,
including commence to inundate values for large woody debris and benches in some systems where
this information was available, it was not, in general, critically linked to a detailed assessment of fish
communities within a reach and their life history attributes. In addition, components such as fish
passage (and connectivity) barriers, channel velocities and capacity, and rates of rise and fall were not
incorporated into the development of EWRs.
The availability of this information (as determined in Stage 2 for the specified valleys) was used to
assess and prioritise reaches for Stage 3, where ecologically meaningful flow relationships will be used
to develop specific EWRs for fish. Valleys were given a potential rating for Stage 3 progression based
on the type of information available (biological, hydrological or hydraulic), the level of detail
contained, and the anticipated accessibility to the information. This process also helped to identify
existing knowledge gaps in some valleys where future research efforts should be focused. Valleys with
insufficient information to support development of specific EWRs were deemed to be a low priority
for progression to Stage 3 as part of the Fish and Flows in the Northern Basin project.
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From the assessment it was determined that the Barwon-Darling between Walgett and Wilcannia has
the highest potential for progression to Stage 3. Within this section of the Barwon-Darling River,
individual reaches and relevant gauges were identified based on the current biological, hydrological
and hydraulic information available for the system. In addition, detailed habitat information collected
as part of the Northern Basin Review, which will be available within the timeframe of this project, was
also considered during the reach identification process. This included work undertaken as part of Stage
2 where NSW DPI completed detailed aquatic habitat mapping along the Barwon-Darling River
between Walgett and Wilcannia, including important habitat features such as large woody debris, inchannel benches, aquatic macrophytes, deep pools, and lateral connections for the system.
The Namoi and Macquarie Rivers were identified as having moderate potential to develop specific
EWRs as part of Stage 3. These systems possess relevant existing information that would help
complete Stage 3 objectives; however further analysis and information for the systems, especially
relating to habitat/flow interactions and fish requirements for flows would need to be undertaken to
strengthen the ability to developed EWRs for these areas.
Reaches in the Condamine-Balonne, Border Rivers and Gwydir valleys were assessed as having low
potential to progress to Stage 3. Whilst these systems have readily available information for some
biological, hydrological and hydraulic components, key knowledge about the habitat quality, quantity
and flow interactions is absent, reducing confidence in the ability to determine specific EWRs for
reaches in these valleys. In addition, information being collected for the Lower Balonne as part of the
Northern Basin Review (such as the waterhole refuge and floodplain inundation modelling projects)
would significantly help the future development of water requirements in this valley; however the
availability of this data is outside the current project’s timeframe.
Habitat mapping for other Northern Basin systems (including the Lower Balonne, Gwydir and Border
Rivers) was recommended in Stage 2 as a longer-term priority to help develop a comprehensive
habitat database for the Northern Basin. Further work in the Namoi and Macquarie valleys, which
have had some level of habitat mapping completed but would benefit from flow interaction analysis
of existing data, would help with gaining a better understanding of habitat and flow relationships for
these systems.
Outcomes of other Northern Basin projects (such as the waterhole refugia project and flood
inundation models) and work underway by other jurisdictions (for example, waterhole mapping by
Queensland agencies in the Condamine-Balonne and development of a Queensland fish barriers
database) will not be available in time to inform this project, but should be considered for future
refinement of EWRs for fish in the Northern Basin. The critical knowledge gaps identified should
become a priority for future action to enhance environmental management in these valleys.
Given the relatively short timeframes associated with the Fish and Flows in the Northern Basin project,
only High potential reaches were progressed to Stage 3:





Barwon River between Walgett and Brewarrina
Barwon-Darling River between Brewarrina and Bourke
Darling River between Bourke and Louth
Darling River between Louth and Wilcannia

The reach scale assessments for these priority areas includes further analysis of the information
collected as part of the project to develop ecologically meaningful flow relationships for the priority
reaches. These relationships must be consistent with how EWRs are defined and used in the MDBAs
hydrology modelling to quantify environmental outcomes (i.e. flow threshold, volume, duration,
seasonality at key locations). The analysis also considers the possibility of defining flow events to
provide for the movement of fish in the Barwon–Darling and between its tributaries, and critical flows
that have been most affected by river regulation.
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3. Fish and flows in the Northern Basin
River regulation and increased water diversion and extraction in the Northern Basin has changed the
natural hydrology of the system, generally resulting in lower average daily river flows that have less
defined seasonal peaks (MDBA, 2012a-g; Section 5.1). Changes to water management in the Northern
Basin have, on average, reduced connectivity between the main channel and wetland habitat by 40%
in some locations along the Barwon-Darling, affecting ecological functions within the system (Brennan
et al. 2002). The frequency of in-channel freshes that promote fish spawning, recruitment and
dispersal have also been significantly reduced across the Northern Basin. For example there has been
a 66% reduction in how often in-channel freshes occur in the Barwon-Darling system at Bourke under
current conditions as compared to without development (based on modelled without development
flow data from 1896-2008), greatly affecting native fish populations (NSW DPI, 2013a)1.
Native fish of the Northern Basin have evolved in a highly variable system that is characterised by
extreme environmental conditions (Humphries et al. 1999; Baumgartner et al. 2013). From diverse
wetting and drying cycles, to fluctuating temperatures, these conditions provide important seasonal
cues for native fish, with hydrological variability in particular playing an integral role in influencing the
structure and diversity of aquatic communities (Baumgartner et al. 2013; Rolls et al. 2013). A variety
of life history and recruitment styles have been developed by different fish species in response to the
range of environmental conditions experienced across the Basin and there is a need to cater for these
differences across various spatial and temporal scales (see Section 3.2).
Flows, habitat and connectivity are essential for healthy native fish populations, with flows playing a
range of important roles, including:






The creation of hydrodynamic diversity needed for fish habitat (particularly for species that
rely on flowing habitats, such as Murray Cod, Silver Perch, Trout Cod and Macquarie Perch).
Maintaining health of in-stream and emergent vegetation and other habitat features needed
by many fish species.
Influencing quality, size and persistence of refuge habitats in dry periods.
Inundation of benches and floodplains to support carbon and other nutrient cycling, which is
important for system productivity and fish maintenance, recruitment and condition.
Enabling access to a range of aquatic habitats and providing cues that stimulate movement,
such as for spawning or larval dispersal, with movement opportunities including upstream or
downstream, and lateral movement into off-channel habitats such as wetlands (MDBA, 2014;
p.41; Figure 3: The influence of flows on the different stages within the life-cycle of fish
(source: MDBA, 2014 courtesy of Arthur Rylah Institute.).

1

In this context, in-stream freshes were defined as falling within the 15 to 30%ile (based on the 18962008 without development modelled flow data), measured as between 3,600-11,500 ML/day at
Brewarrina; 8,200-14,500 ML/day at Bourke, and; 5,900-9,200 ML/day at Louth (NSW DPI, 2013a;
pp.6,10-11).
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Figure 3: The influence of flows on the different stages within the life-cycle of fish (source: MDBA,
2014 courtesy of Arthur Rylah Institute.)
While flow management has often focused on hydrology (water volume or threshold, duration,
seasonality and timing), the hydrodynamics of flow is equally important (Mallen-Cooper and Zampatti,
2015). This includes parameters such as flow depth, width, velocity, direction and turbulence. River
regulation is particularly detrimental to flow hydrodynamics, often leading to still or slow flowing
aquatic environments. In addition to this, water quality is as important as water quantity, including
appropriate water temperature, levels of oxygen, pH, salinity, chemical cues and food content, and is
equally influenced by river regulation (MDBA, 2014; p. 41; Mallen-Cooper and Zampatti, 2015). It is
possible to establish relationships between hydrology and hydraulics based on gauged stream flow
data and stream cross-sectional data (i.e. what type of flow results in velocities greater than 0.3 m/s
and weir drown out flow rates for stretches of rivers).
Fish use flows at a variety of scales, from the ‘micro-level’ (less than 100 metres) to medium scale
(100s of metres to 10s of kilometres) and macro-scale (from 10s of kilometres to 100s of kilometres)
(Mallen-Cooper and Zampatti, 2015). Effective flow management for native fish therefore requires
consideration of flow aspects at different spatial scales, as well as the consideration of flow variability,
with different parts of the hydrograph playing important roles for fish lifecycles:






Cease to flows (series of disconnected pools) can create risks to fish in perennial streams, but
are a natural feature of intermittent systems. Cease to flow periods can play an important role
in these streams by promoting growth of biofilms and productivity. Rates of wetting and
drying are important. Cease to flow can also be useful in controlling Carp populations, and
would generally occur annually in highly intermittent systems.
Base flows (not relevant to intermittent systems) are important in maintaining aquatic habitat
for fish, plants and invertebrates. They also provide drought refuges during dry periods and
contribute to nutrient dilution during wet periods or after a flood event. Base flows may also
support winter conditioning and oxygenation through riffle habitats for Blackfish species and
Galaxids, and historically may have benefited small-bodied native species in terminal
wetlands. Base flows are maintained by seepage from groundwater and low surface flows
(MDBA, 2014). They would generally occur on an ongoing basis in perennial systems.
Small in-channel pulses (freshes without bench inundation) are generally short in duration
and can provide some productivity benefits by replenishing soil water for riparian vegetation,
maintaining in-stream habitats and cycling nutrients between different parts of the river
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channel. They can also inundate key aquatic habitat such as snags and aquatic vegetation.
Small pulses may trigger movement or spawning and recruitment for some species (such as
Australian Smelt, Bony Herring and Blackfish). Murray Cod and Freshwater Catfish spawning
and recruitment could also occur with sufficient hydraulic diversity. Pulses may also trigger
hatching for Macquarie Perch and Galaxids. These flow events would generally occur annually
in both highly intermittent systems and perennial systems with potentially up to two or three
pulses occurring per year in perennial systems.
Large in-channel pulses include freshes that provide lateral and longitudinal connectivity and
support productivity through inundation of in-channel features such as benches as well as
anabranches and flood runners with low commence to flow thresholds. Large pulses can
trigger spawning and recruitment for all species and also promote movement and production
(for events of significant duration). These flow events are also important for maintaining
refuges and minimising geomorphological impacts of regulation. These events may occur once
every two years in highly intermittent and perennial systems, but may be more common once
every three to five years.
Overbank events (including floodplain and off-channel inundation) are important in providing
broader connectivity to floodplains and other off-channel habitats and providing for
ecosystem ‘re-setting’ and large-scale nutrient and sediment cycling. These are important for
spawning, recruitment, movement, productivity, maintenance and condition. These flows can
create some risk of Carp movement and breeding, particularly regular long duration events in
off-channel wetlands. Overbank events generally occur between two and twenty five years
for both intermittent and perennial systems.
3.1 Functional groups of fish in the Northern Basin

The range of spawning and recruitment behaviours evolved by native fish species of the MurrayDarling Basin means that it is highly unlikely a single flow regime will provide equal benefits for the
fish community of a system (Baumgartner et al. 2013; NSW DPI, 2013a). To enhance native fish
outcomes from water management decisions it may be more effective to form functional groups of
fishes based on certain flow related attributes (Lloyd et al. 1991; Humphries et al. 1999; Baumgartner,
2011; Baumgartner et al. 2013; NSW DPI, 2013a; Mallen-Cooper and Zampatti, 2015). The method of
classifying fish species into functional groups is a valid approach to assist with simplifying flow
requirements for fish, maximising water use and environmental benefits (Humphries et al. 1999;
Growns, 2004; NSW DPI, 2013a; Mallen-Cooper and Zampatti, 2015). The effective and efficient
management of water is even more pertinent in systems of the Northern Basin where water
availability is limited and exacerbated by competing needs (Thoms et al. 2004; NSW DPI, 2013a).
A range of approaches to classifying fish species have been developed across the Murray-Darling
Basin, focussing on attributes of different systems and fishes, including recruitment, spawning and
movement. Models focused on fish recruitment include the flood recruitment model, which focuses
on the role of flooding for recruitment of inland fish species (Lake, 1967; Cadwallader and Lawrence,
1990; Gehrke et al, 1995; Humphries, 1995), and; the low flow recruitment hypothesis, which
questions the importance of flooding and floodplain habitat for some Murray-Darling Basin species,
emphasising the significance of in-channel habitats and flow variability (Humphries et al. 1999; Schiller
and Harris, 2001; Mallen-Cooper and Stuart, 2003; King et al. 2003; Mallen-Cooper et al. 2011). Similar
recruitment models for arid zone refugia have also been developed, suggesting that spawning and
recruitment for some species occurs primarily during zero flows in the channel refugia of arid rivers,
similar to those found in the Northern Basin, including the Paroo and Warrego Rivers (Balcombe et al.
2006; Kerezsy et al. 2011).
Fish groupings based on reproductive attributes have classified fish based on the timing of spawning,
method of spawning, larval development, parental care and other life history and reproductive
characteristics, including the importance of spawning substrate components (Humphries et al. 1999;
Schiller and Harris, 2001; King et al. 2003; Growns, 2004; Sternberg and Kennard, 2013). In addition to
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these spawning group approaches, recent work has combined known spawning, recruitment and
movement ecology for native fish to classify species into guilds that assist flow management decisions
(Baumgartner et al. 2013; Cameron et al. 2013). Baumgartner et al. (2013) classified four functional
guilds in the Edward-Wakool system to develop long term watering plans for water managers.
Previous work by NSW DPI in the Barwon-Darling adapted this approach with modifications
appropriate to the Northern Basin, such as differing temperature tolerances for some species;
however further verification and exploration through an expert panel or research was not undertaken,
with applicability to other systems in the Northern Basin untested (NSW DPI, 2013a).
Alternative, but not necessarily incompatible, approaches to functional groups have also been
undertaken, proposing the development of eco-hydraulic recruitment guilds for fish in the MurrayDarling Basin (Mallen-Cooper and Zampatti, 2015). This approach has questioned the applicability of
reproductive groups based on differing ecological responses to the same conditions by species within
the same group (Mallen-Cooper and Zampatti, 2015). Instead, the approach recommends that fish
groups be developed on the primary features of the river to which fish will respond, most notably
hydrodynamics, spatial scale and habitat (Mallen-Cooper and Zampatti, 2015).
The two key characteristics considered during the development of groups under the eco-hydraulic
recruitment guild approach were the hydrodynamics of habitats where recruitment occurs, including
flowing or still water environments and the influence of flow on the spawning and recruitment
response of species in these areas, and; the minimum spatial scale of spawning and recruitment,
noting that fish that recruit at small scales may also recruit over larger scales if suitable environmental
conditions are achieved, but the reverse is not true (Mallen-Cooper and Zampatti, 2015). However,
water temperature and water quality information was not considered in this method as it was believed
these factors would dominate the life history characteristics considered in the approach, and as a
result there is potential that these guilds would not be applicable in rivers impacted by reduced water
temperature or water quality (Mallen-Cooper and Zampatti, 2015).
The range of existing fish functional group approaches were considered during the Fish and Flow in
the Northern Basin project. Assessment of applicability and relevance for the project was determined
through the literature review component and fish expert panel workshop. Through this process it was
determined that the use of flow related functional groups for fish species in the Northern Basin would
assist the development of specific environmental watering requirements and flow related
management actions. The expert panel workshop proposed a hybrid approach utilising elements from
both the spawning functional groups described by Baumgartner et al. (2013) and the eco-hydraulic
recruitment guilds developed by Mallen-Cooper and Zampatti (2015). Elements for consideration
included:







Cues for migration, dispersal and spawning (temperature and/or flow)
Scale of spawning migration (10s to 100s of m; 100s of m to 10s of km; 10s to 100s of km)
Whether a nesting species or not
Scale of larval drift and recruitment
Spawning in still/slow-flowing water or in fast-flowing habitats
Egg hatch time (short 1 – 3 days; medium 3 – 10 days; long > 10 days) and egg morphology.

Assessing these physiological and behavioural similarities of freshwater fishes in the Northern Basin,
six functional groups were developed and linked to flow aspects, with similar attributes identified for
flow management consideration (2). It is important to note that, while there are functional groups
that have differing flow needs, it is possible to design a flow regime that meets the needs of multiple
fish guilds.
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Table 2: Proposed Northern Basin fish guild groupings (based on Baumgartner et al. (2013) and Mallen-Cooper and Zampatti (2015), as well as advice from Fish and Flows in the Northern Basin Expert Panel workshop members).
Functional Group

Species



Group 1: Flow dependent specialists

Group 2: In-channel specialists
(Group 2A: Flow dependent)
(Group 2B: Flow independent)

2

Group 3: Floodplain specialists

Group 4: Generalists

Golden Perch
Hyrtl’s Tandan
Silver Perch
Spangled Perch

Murray Cod (2A)
Trout Cod (2A)
Blackfish (2B)
Freshwater Catfish (2B)
Macquarie Perch (2B)
Purple Spotted Gudgeon (2B)

Darling River Hardyhead
Flathead Galaxias
Olive Perchlet
Rendahl’s Tandan
Gambusia (alien species)

Australian Smelt
Bony Herring
Carp Cudgeon
Flat-headed Gudgeon
Murray-Darling Rainbowfish
Unspecked Hardyhead





























Group 5: Generalists (alien species)

Carp
Goldfish
Redfin Perch






Attributes and implications for flow management
Flow pulses are needed to generate a spawning response.
Adult fish prepare for spawning in response to increasing water temperatures usually between spring and autumn, with research in the Northern Basin suggesting that the first postwinter flow pulse may be important for pre-spawning condition and migration in some northern systems (Marshall, et al. in press), but timing is not predictable.
Adult fish can undertake moderate to large scale migrations (100s of m to over 100s of km) in response to increased flows and temperature, but can delay spawning if conditions are
not suitable, with species being medium to long-lived and not necessarily requiring annual spawning and recruitment events.
Flow events do not have to be large pulses, with small, sharp rises in flow also providing benefits and eliciting responses from species (Marshall et al. in press).
Eggs are either buoyant and pelagic or non-sticky and demersal with a short hatch time of up to 5 days, relying on flows for dispersal.
Larvae drift downstream over long distances for up to 20 days post spawning in perennial and intermittent systems (potentially shorter in highly intermittent systems with smaller
flow pulses), with recruitment relying on flows for dispersal and conditioning.
Adult fish prepare for spawning in response to increasing water temperature.
Adult fish can undertake short to moderate scale migrations (10s of m to 10s of km) for spawning.
Group 2A species have a predictable spawning period from mid-winter to the end of spring, involving movement to increasing temperature and flow, with research suggesting an
earlier spawning response is possible in the Northern Basin compared to the Southern Basin (Butler, pers. comms.; Wilson, pers. comms.). Species are long-lived and don’t necessarily
require annual spawning and recruitment events, but may take many years for noticeable population improvements due to low fecundity.
Group 2B species have a spawning period from spring to autumn, but most commonly between spring and summer, which is independent of flow. Species are medium to long-lived
and don’t necessarily require annual spawning and recruitment events, but may take many years for noticeable population improvements due to low fecundity.
Nesting species, or have specific spawning substrate requirements (Macquarie Perch and Purple Spotted Gudgeon), with increases in flow helping to maximise breeding opportunities
by inundating additional spawning habitat.
Eggs are demersal with a relatively long hatch time of up to 14 days, requiring stable flow events during this period to avoid nest abandonment, desiccation or premature dispersal.
Larval drift over short to moderate scales for up to 10 days, with recruitment relying on flows for dispersal and conditioning.
Adult fish prepare for spawning in response to increasing water temperature.
Adult fish undertake short scale migrations (10s of m to 100s of m) for spawning, potentially to off-channel habitats, where spawning takes place in still or slow moving environments.
Relatively short-lived and have low fecundities, requiring regular spawning and recruitment events, with spawning between spring and autumn.
Have specific spawning substrate requirements (aquatic macrophytes), with increases in flow helping to maximise breeding opportunities by inundating additional spawning habitat,
especially off-channel, which may also be reliant on water clarity (low turbidity).
Eggs are sticky and demersal, with an estimated hatch time of up to 9 days.
Recruitment and dispersal rely critically on flows that reconnect the channel to the floodplain, with large flow events required post spawning.
These species are generally more resilient to extended low flow conditions having developed more flexible spawning strategies, and as such may be poor indicators of environmental
flow effectiveness (MDBA, 2015); however these species provide an important component of productivity in a system and food source for medium and large bodied species.
Adult fish prepare for spawning in response to increasing water temperature.
Adult fish move short distances (10s of m to 100s of m) over a wide range of hydrological conditions, and are known to recruit under low flows all year round; however spawning is
most common between spring and summer. Species are short to medium-lived requiring regular spawning and recruitment events, but may take many years for noticeable population
improvements due to low fecundity.
These species may spawn more than once during the year, with low to moderate flow events that inundate in-channel habitat, enhancing spawning conditions and connectivity of
drought refuge, providing the greatest benefits to these species.
Eggs are sticky and demersal with a hatch time of up to 10 days.
Larval drift is exhibited by majority of species (except Carp Gudgeon and Unspecked Hardyhead) over short to moderate scales, with recruitment of these species reliant on flows for
dispersal and conditioning.
Adult fish prepare for spawning in response to increasing water temperature; however species can also spawn during low temperatures (down to as low as 12°C for Redfin Perch).
Adult fish move short to moderate distances (10s of m to 10s of km) over a wide range of hydrological conditions, and are known to recruit under low flows all year round; however
spawning is most common between spring and summer.
These species have a high fecundity and may spawn more than once during the year.
For Carp, floodplain connecting flow events (especially repeated and frequent sequences) that inundate areas for an extended period of time provide greatest response, whilst low to
moderate flow events that inundate in-channel habitat produce reduced spawning outcomes (Koehn et al. 2015).
Eggs are sticky and demersal (with the exception of Gambusia who give birth to live young), with a hatch time of up to 14 days (but can be as low as 6 days).
Larval drift is exhibited by some species over short to moderate scales, with recruitment relying on flows for dispersal and conditioning.

2

In-channel specialists have been divided into two groups of Flow dependent species, defined as requiring both an increase in temperature and flow to trigger spawning, and Flow independent species, defined as species that generally
inhabit in-channel habitats and may benefit from certain flow regimes, but do not have specific flow requirements related to spawning.
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Comparison of functional groups developed for the Fish and Flows in the Northern Basin project with
those of the Edward-Wakool spawning functional groups (Baumgartner et al. 2013) and the ecohydraulic recruitment groups (Mallen-Cooper and Zampatti, 2015) highlights numerous similarities in
the grouping of species, which is expected given the consideration of similar system and fish
attributes; however differences in the composition of groups can also be identified (Table 3).
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Table 3: Comparison of fish functional group species between those developed for the Fish and Flows
in the Northern Basin project and Baumgartner et al. (2013) and Mallen-Cooper and Zampatti (2015),
with differences shaded in green (and indicated by an asterisk).

Species

Eco-hydraulic
recruitment Guild
(Mallen-Cooper and
Zampatti, 2015)

Habitat Guild
(Mallen-Cooper
and Zampatti,
2015)

Spawning Guild
(Baumgartner et al.
2013)

Murray Cod

Meso Lotic

Channel Specialist

Trout Cod

Meso Lotic

Channel Specialist

Golden Perch

Macro Lotic

Channel Specialist

Silver Perch

Macro Lotic

Channel Specialist

*Freshwater Catfish

Meso Lotic-Lentic

Generalist

Foraging Generalist

Bony Herring

Meso Lotic-Lentic

Generalist

Foraging Generalist

Macquarie Perch

Meso Lotic

Channel Specialist

Foraging Generalist

*Spangled Perch

Meso Lotic-Lentic

Generalist

Foraging Generalist

*Hyrtl’s Tandan

Micro Lentic

Arid River Specialist

N/A

Meso Lotic

Channel Specialist

Foraging Generalist

Micro Lentic
Micro Lotic-Lentic
Micro Lotic-Lentic
Micro Lentic

Arid River Specialist
Generalist
Generalist
Arid River Specialist

N/A
Foraging Generalist
Foraging Generalist
N/A

In-channel Specialists
(flow dependent)
In-channel Specialists
(flow dependent)
Flow
Dependent
Specialists
Flow
Dependent
Specialists
In-channel Specialists
(flow independent)
Generalists
In-channel Specialists
(flow independent)
Flow
Dependent
Specialists
Flow
Dependent
Specialists
In-channel Specialists
(flow independent)
Floodplain Specialists
Generalists
Generalists
Floodplain Specialists

Micro Lotic-Lentic

Generalist

Foraging Generalist

Generalists

Generalist

Foraging Generalist

Generalists

Channel Specialist

N/A

N/A

Generalist

Foraging Generalist

Generalists

Wetland Specialist
Wetland Specialist

Floodplain Specialist
Floodplain Specialist

Wetland Specialist

Floodplain Specialist

Floodplain Specialists
Floodplain Specialists
In-channel Specialists
(flow independent)

Generalist

Foraging Generalist

Northern
River
Blackfish
*Rendahl’s Tandan
Australian Smelt
Carp Gudgeon
*Darling Hardyhead
Dwarf
flat-headed
Gudgeon
Flat-headed Gudgeon

Meso-Micro
Lentic
Meso Lotic
Meso-Micro
Lentic
Micro Lentic
Micro Lentic

Lotic-

Mountain Galaxias
Murray-Darling
LoticRainbowfish
Flat-headed Galaxias
Olive Perchlet
*Purple
Spotted
Micro Lentic
Gudgeon
Meso-Micro
LoticUnspecked Hardyhead
Lentic
Meso-Micro
LoticCarp
Lentic
Gambusia
Micro Lentic
Goldfish
Micro Lotic-Lentic
Brown Trout
N/A
Rainbow Trout
N/A
Redfin Perch
Micro Lotic-Lentic

Generalist
Wetland Specialist
Generalist
N/A
N/A
Generalist
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Long lived Apex
Predator
Long lived Apex
Predator
Flow
Dependent
Specialist
Flow
Dependent
Specialist

Fish and Flows in the
Northern Basin Guild

N/A
N/A
N/A
N/A
N/A
N/A

Generalists
Generalists (alien)
Floodplain Specialists
Generalists (alien)
N/A
N/A
Generalists (alien)

Differences in the classification of fish between the three functional group approaches were identified
for six species (Table 3). These differences reflect the review of fish species attributes in the context
of Northern Basin systems, using expert knowledge and latest research to guide the grouping of
species. The most significant shifts in classification occur for Freshwater Catfish, Spangled Perch and
Purple Spotted Gudgeon, whilst changes for Hyrtl’s Tandan, Rendahl’s Tandan and Darling River
Hardyhead reflect recent research findings for Northern Basin systems and the location of these
species in intermittent and perennial systems.
Freshwater Catfish have been classified as a Flow Independent In-channel Specialist rather than a
Generalist species as defined by the other two reviewed approaches as they share similar flow related
spawning and recruitment needs to the other species in this group. These include being a nesting
species that spawn independent of flow but benefit from increased flow events inundating preferred
spawning habitat followed by stable flow conditions for egg development and hatching; undertaking
short to moderate scale migrations for spawning, and; having drifting larvae that benefit from
dispersal flows (Growns pers. comms. 2015).
The grouping of Spangled Perch and Hyrtl’s Tandan as Flow Dependent Specialists for the Fish and
Flows in the Northern Basin project, rather than Generalists and Arid River Specialist respectively,
reflects the moderate to large scale migrations these species can undertake for spawning in response
to increasing flows and temperature. In addition to this, the short hatch time of non-sticky demersal
eggs that these species possess would benefit from rapid rises in water levels, whilst not being
impacted by equally rapid recessions if they were to occur as part of a flow event (Ellis et al. in press;
Balcombe pers. comms. 2015).
Purple Spotted Gudgeon have been included as part of the Flow Independent In-channel Specialist
rather than a Floodplain/Wetland Specialist species based predominantly on the habitat preference
in the Northern Basin, with the species commonly found in shallow pools or slow flowing backwaters
of typically upland, unregulated systems (MDBA, 2012a; Miles, pers. comms. 2014). The species would
also benefit from similar flow requirements of other species in the Flow Independent In-channel
Specialist group, including the inundation of preferred in-channel habitat (aquatic macrophytes and
fringing vegetation) for spawning followed by stable flow conditions for egg development, parental
guarding and hatching under little to no flow conditions (Llewellyn, 2006).
As with any guild approach, there are assumptions and limitations that need to be acknowledged
when considering their adoption. Knowledge gaps on flow requirements for a number of Northern
Basin fish species exist, including Rendahl’s Tandan and the Darling River Hardyhead. Assumptions
have been made for these species based on requirements of similar species and the limited
information that is available. It is also important to acknowledge that whilst flow is critical for healthy
fish populations, it is not the only factor influencing life history responses from fish. Complimentary
actions need to be considered in addition to flow management aspects include factors influencing
water quality and temperature (e.g. cold water pollution impacts), habitat availability and condition
(e.g. riparian condition, large woody debris loading), and other aspects such as connectivity (e.g. fish
passage barriers) that are largely outside the scope for this project but consideration needs to be given
to them during the development of water management actions.
It is also important to acknowledge that with any approach which draws upon expert judgement, there
are some possible limitations, including the potential for bias, poor calibration or to be self-serving
(Tversky and Kahneman 1974; Krinitzsky 1993; Martin et al. 2012). These aspects have been regarded
when considering the development of flow related functional groups for fish species in the Northern
Basin through the analysis and review of existing information (including reviewing the existing
functional groups and a thorough literature review) and the use of recognised experts in the field. As
a result, the proposed fish groups represent the most advanced development of flow related guilds
based on best available information and current knowledge.
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3.2 Conceptual models for fish flows in the Northern Basin
The use of functional groups for freshwater fishes in the Northern Basin can assist with environmental
water planning to deliver native fish benefits and develop specific environmental water requirements.
However, it is important to acknowledge that each functional group of native fish has different flow
requirements related to critical life history outcomes including spawning, recruitment and movement,
and that the habitat, connectivity and spatial scale requirements that influence these life history
responses, will also differ across functional groups and species (Mallen-Cooper and Zampatti, 2015).
The development of watering requirements for one group may not provide benefits for another,
requiring flexibility and a long term commitment to deliver benefits to native fish and river health
(Baumgartner, 2011; NSW DPI, 2013a).
The development of conceptual flow models for fish need to define the biological assumptions and
ecological objectives before developing flow regime requirements and producing model hydrographs
for freshwater fish (Baumgartner et al. 2013; NSW DPI, 2013a). There are a number of basic principles
for flow management for fish in the Murray-Darling Basin related to the biological and ecological
criteria that need to be considered when developing and implementing management actions for fish
outcomes:






Natural flow regime - one of the important principles considered in the development of
conceptual flow models for fish in the Northern Basin is that the natural flow regime provides
a strong foundation for the rehabilitation of flows; however the impacts of river regulation,
including connectivity, access to habitat, and changes to geomorphology, need to be
considered and incorporated into specific planning objectives (Mallen-Cooper and Zampatti,
2015).
Water quality parameters - the importance of water quality, not just water quantity, also
needs to be considered when developing and delivering water requirements, with water
temperature driving life history responses from the majority of native species, whilst clarity,
dissolved oxygen and productivity (related to chemical, nutrient and plankton composition)
also play an important role in maximising benefits to species (Jenkins and Boulton, 2003;
Górski et al. 2013; Zampatti and Leigh, 2013; Mallen-Cooper and Zampatti, 2015). The
influence of water quality parameters on guiding flows for fish will result in management
actions primarily occurring in the warmer spring and summer months; however the
importance of base flows and late-winter high flow events still need to be considered given
benefits to water quality maintenance and productivity (Robertson et al. 2001).
Fundamental riverine elements – the influence of flow, habitat and connectivity on the
dynamics and response of fish populations are inseparable and need to be intimately
considered in flow management decisions and actions (Mallen-Cooper and Zampatti, 2015).
These three key factors will influence the need for still water or flowing environments, the
spatial scale that connectivity and hydraulic complexity needs to be maintained, and the
variation in flow needed for habitat access and completion of life history aspects (MallenCooper and Zampatti, 2015).

The use of these principles, as well as biological and ecological information for fish, to develop EWRs
can help define what can realistically be achieved with improved hydrological regimes. This will also
help establish measureable objectives that can achieve multiple benefits through variability and
consider the needs of multiple water users (Baumgartner et al. 2013; NSW DPI, 2013a).
Figure 4 identifies different flow requirements that would benefit each functional group. For this,
unique overarching flow delivery scenarios were developed for spawning and recruitment outcomes
(with movement needs considered and assumed to be met by the proposed flow regimes) in the
Northern Basin. These flow scenarios were developed using existing knowledge about native fish
responses to flows, spawning and reproductive cycles and methods, recruitment ecology (including
habitat requirements and spatial scales), and known distributions of freshwater fish.
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Figure 4: Flow scenarios developed to benefit each fish functional group for the Fish and Flows in the Northern Basin project, represented by water level
expressed as flow components, which allows the proposed regimes to be adapted to different valleys of the Northern Basin based on specific local information
where known. The models represent the best outcome scenario for each group; however proposed flow regimes could be implemented at any point during
the ‘season’ window indicated to achieve spawning and recruitment outcomes.
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Table 4: Flow regime requirements, biological assumptions and ecological outcomes that underpin the development of conceptual flow models for fish functional groups in the Northern Basin.
Flow regime


Flow
dependent
specialists







In-channel
specialists
(flow
dependent)






In-channel
specialists
(flow

independent)



Floodplain
specialists





Generalists



Regime requirements
Spawning response requires rapid rise in flow between spring and autumn
for up to 5 days, with first post-winter flow potentially being significant in
eliciting greatest benefit.
Relatively rapid recession of flow after peak event to assist with egg
dispersal.
Recruitment of larvae and juveniles enhanced from secondary peak event
for dispersal and access to habitat and suitable prey sources.
Integrity of flow peaks need to be maintained over long distances (10s to
100s of km) to maximise response.
Spawning response requires rise in flow between mid-winter and spring.
Flow peak needs to be maintained for a period greater than 14 days to allow
for egg development and hatching.
Recruitment of larvae and juveniles enhanced from secondary peak event
for dispersal and access to habitat and suitable prey sources.
Integrity of flow needs to be maintained over moderate distances (100s of
m to 10s of km) to maximise response.












Spawning occurs independent of flow; however response is enhanced by
increase in flow during spring and summer.
Flow peak needs to be maintained for a period greater than 14 days to allow
for egg development and hatching, with gradual recession of event required.
Recruitment of larvae and juveniles enhanced from stable low flow period
for dispersal, and access to habitat and suitable prey sources.
Integrity of flow needs to be maintained over short to moderate distances
(10s of m to 10s of km) to maximise response.
Spawning occurs in suitable habitat independent of flow or in very slow
flows; however spawning response is enhanced by overbank flow during
warmer seasons (most common timing amongst species Sept to Oct).
Flow peak needs to be maintained for a period up to 10 days to allow for
spawning and egg development, with gradual recession of event required for
adult movement.
Recruitment of larvae and juveniles enhanced by secondary peak event for
lateral connection and dispersal, which can occur weeks after the initial peak
event, with gradual recession of event important for larvae and juvenile
movement.




Spawning occurs independent of flow; however response is enhanced by
increase in flow during warmer months (most common timing amongst
species Sept to Feb).
Multiple peaks during spawning season provide flexibility in response, as
well as opportunities for multiple spawning from serial spawning species.
Flow peak needs to be maintained for a period greater than 7 days to allow
for egg development and hatching, with gradual recession of event.
Recruitment of larvae and juveniles enhanced from secondary peak event
for dispersal and access to habitat and suitable prey sources.


















Biological assumptions
Spawning flow coincides with an increase in water temperature above 20°C. 
Moderate to large scale migrations and spawning occurs on the first peak
event.
Buoyant or non-sticky eggs develop and disperse over long distances during 
recession of spawning peak.

Spawning will lead to recruitment regardless of floodplain inundation.
Recruitment flow will assist in the dispersal of larvae and juveniles.

Spawning flow coincides with an increase in water temperature above 18°C.
Short to moderate scale migrations and spawning occurs in response to
increased flow, which inundates preferred spawning habitat, with extended
duration at the peak flow allowing site selection and spawning.
Egg development and hatching assisted by stable flows after initial peak.
Spawning will lead to recruitment regardless of floodplain inundation.
Recruitment flow is delivered after larvae have left the nest, and will assist in
the dispersal of drifting larvae and juveniles.



Spawning flow coincides with an increase in water temperature above 20°C.
Short to moderate scale migrations and spawning enhanced by increased
flow, which inundates preferred spawning habitat, with extended duration
of peak flow allowing site selection and spawning.
Egg development and hatching assisted by stable flows after initial peak.
Larvae dispersal/adult movement enhanced by gradual recession of peak.
Spawning will lead to recruitment regardless of floodplain inundation.
Stable recruitment flow will assist in the dispersal of larvae and juveniles.
Spawning flow coincides with an increase in water temperature above 22°C.
Short scale migrations and spawning enhanced by increased flow that
connects preferred off-channel habitat, including aquatic macrophytes,
which species colonise during the event.
Extended duration of first peak flow and gradual recession enhances lateral
connection and allows for adult movement.
Recruitment of larvae and juveniles from nursery habitats (i.e. wetlands)
enhanced from secondary peak event, creating reconnection and allowing
for dispersal and access to habitat and suitable prey sources in main channel.



Spawning coincides with an increase in water temperature above 20°C.
Short scale migrations and spawning enhanced by moderate increase in flow,
which inundates preferred spawning habitat.
Egg development and hatching assisted by stable flows after initial peak.
Larvae dispersal/adult movement enhanced by gradual recession of peak.
Spawning will lead to recruitment regardless of floodplain inundation.
Recruitment flow will assist in the dispersal of drifting larvae and juveniles.
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Expected ecological outcomes
Provide flowing conditions for moderate to large scale fish
movement and dispersal throughout the system away from
spawning and refuge sites.
Increased habitat availability and maintenance through
hydrodynamic complexity in-channel from flow peaks.
Improved productivity throughout the system from flow
peaks inundating in-channel benches.
Preference is to have spawning and recruitment events two to
three times per decade.
Provide flowing conditions for short to moderate scale fish
movement and dispersal throughout the system away from
spawning and refuge sites.
Increased habitat availability and maintenance through
hydrodynamic complexity in-channel from flow peak.
Improved productivity throughout the system from flow peak
inundating in-channel benches.
Preference is to have spawning and recruitment events twice
per decade.
Provide flowing conditions for short to moderate scale fish
movement and dispersal throughout the system away from
spawning and refuge sites.
Increased habitat availability in-channel throughout the
system from flow peak.
Preference is to have spawning and recruitment events twice
per decade.
Provide flowing conditions for short scale longitudinal and
lateral fish movement and dispersal throughout the system
for recolonization of new habitats away from spawning and
refuge sites.
Increased habitat availability and maintenance through
hydrodynamic complexity, both in-channel and across lateral
habitats (e.g. anabranches) from flow peaks.
Improved productivity at off channel and in-channel habitats
throughout the system from flow peaks inundating floodplain.
Preference is to have spawning and recruitment events three
times per decade.
Provide flows for short scale fish movement and dispersal
throughout the system away from spawning and refuge sites.
Increased habitat availability in-channel throughout the
system from flow peak.
Increase in abundance of small bodied natives, providing
important food source for medium and large bodied fish.
Preferences to have spawning and recruitment events at least
three times per decade, allowing fish to spawn during at least
one of the events.

In addition to the development of conceptual flows models for the fish functional groups of the
Northern Basin, which provide spawning, recruitment and movement outcomes, similar flow models
were also developed for the Northern Basin systems to assist in meeting maintenance and condition
life history outcomes for native fish species (Table 5).
‘Maintenance’ flow focuses on sustaining fish populations by maintaining refuge habitat and
longitudinal connectivity, whilst ‘Condition’ flow is about supporting pre-spawning and general
condition of fish, focusing largely on the productivity of a system. These flow regimes were considered
the same for all species due to the similar influence of flow on achieving the two life history outcomes,
and largely follow the equivalent natural flow regime for Northern Basin systems.
The conceptual flow regimes for fish have been developed as overarching models for fish species and
valleys of the Northern Basin. The determination of specific water requirements to target when
developing flow scenarios for different functional groups of fish in the Northern Basin is dependent
on the availability of key hydrological, habitat and connectivity information for specific systems. Site
specific details such as channel capacities and inundation values for critical habitat features, which
influence sustainable native fish spawning, recruitment and movement, will allow particular flow
thresholds, volumes and river rise heights to be adapted to the conceptual models. Currently much of
this knowledge is lacking across the Northern Basin; however, activities being undertaken as part of
the Northern Basin Review will assist in meeting some of these knowledge gaps, whilst prioritising
additional areas for future focus.
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Table 5: Flow regime requirements, biological assumptions and ecological outcomes that underpin the development of conceptual flow models for
‘Maintenance’ and ‘Condition’ flows for all species in the Northern Basin.
Flow regime

Regime requirements
The hydrograph is sufficient to
maintain refuge habitat and/or
support longitudinal movement in
the system.
May require increased flows over
summer periods to maintain critical
refuge habitat in the system.

Maintenance
flow

Condition
flow

Late-winter peak inundates inchannel benches and habitat
providing
pre-spawning
productivity and conditioning for
species, as well as longitudinal
movement benefits.
Summer peaks provide floodplain
inundation, as well as in-channel
bench and habitat inundation,
providing critical productivity for
larvae and juveniles, as well as
habitat access, and longitudinal and
lateral movement benefits.

Biological assumptions
Historically the system would not have received flows
each year; however perennial systems would have
always had low base flows, whilst cease-to-flow events
intermittent systems would’ve been of short duration
(commonly up to 30 days long).
Hydrodynamic complexity has been achieved in the
system from other in-channel and overbank pulse
events that create/maintain refuge habitats, reducing
the impact of sedimentation on refugia and
maintenance flows required.
There are no negative effects of delivering other
watering requirements over an extended period (such
as black water).
Species requiring high flows to spawn and disperse do
not require high flows every year.
Low flow species would benefit from this regime.
Support pre-spawning and general condition of fish,
focussed largely on enhancing productivity of the
system.
There are no negative effects of delivering watering
requirements over an extended period (such as black
water).
Response of Carp minimised by avoiding repeated and
frequent floodplain inundation.
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Expected ecological outcomes
May stimulate other aquatic productivity processes, such as
propagation and growth of aquatic plants.
Maintenance of critical refuge habitat.
Opportunities for spawning of Group 2B (In-channel specialists –
flow independent) and Group 4 (Generalists) without provision
of environmental water.
Preference is to have an event at least twice per decade.

Provide flowing conditions for moderate to large scale
longitudinal and lateral fish movement and dispersal throughout
the system.
Increased habitat availability and maintenance through
hydrodynamic complexity, both in-channel and across lateral
habitats (e.g. anabranches) from flow peaks.
Improved productivity at off channel and in-channel habitats
throughout the system from flow peaks inundating floodplain.
Opportunities for spawning of Group 1 (Flow dependent
specialists), Group 2A (In-channel specialists – flow dependent),
and Group 3 (Floodplain specialists).
Preference is to have a component of the regime occur annually,
with large overbank flows occurring a maximum of every three
to five years.

4. Barwon-Darling
4.1 Introduction
The Barwon–Darling is a large Australian dryland river system with a catchment area of 650,000 km 2
and a main channel length of 3,100 km (Boys and Thoms, 2006). Sixty percent of the catchment has
altitudes less than 300 m above sea level, and much of the semi-arid to arid area is covered by
floodplains (Boys and Thoms 2006). For the purpose of this project, the system has been defined as
the Darling River upstream of Menindee Lakes and the Barwon River to its upstream extent at the
Barwon/Macintyre junction, covering approximately 1,500 km of waterway (Figure 5).

Figure 5: Location and extent of the Barwon-Darling River valley (MDBA, 2012a).
Major tributary valleys of the Barwon-Darling include the Condamine-Balonne, Macintyre, Gwydir,
Namoi, Castlereagh and Macquarie Rivers, which enter the system upstream of Bourke; and the Paroo
and Warrego Rivers that contribute intermittent flows downstream of Bourke during high rainfall
periods (MDBA, 2012a). Analysis of hydrological data by Green and Petrovic (2011) has observed that
the Border Rivers catchment is the largest contributor of flow, producing 35% of the long-term flow
in the river at Menindee. The Namoi and Culgoa-Condamine system are the next largest contributors
(25% and 20% respectively). Together these three catchments account for 80% of the Darling River’s
flow at Menindee.
For management purposes the Barwon-Darling system can be divided into six Functional Process
Zones (FPZs) (Figure 6; Thoms, 1996; Brennan et al. 2002; Thoms et al. 2004; Boys et al. 2005; Boys
and Thoms, 2006; Boys, 2007; NSW DPI, 2012b). FPZs subdivide rivers into reaches with relatively
uniform discharge and sediment regimes, defined from major breaks in slope and styles of river
channel and floodplain. These attributes influence instream habitat and associated biological
characteristics at finer scales (Boys et al. 2005; p.14). They are shaped by 10-100 year periodicities of
wet and dry climates, and more recently by flow regulation through weirs and dams (Thoms et al.
2004; Boys et al. 2005; p.24; Boys and Thoms, 2006).
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Figure 6: Map of the Barwon-Darling catchment, highlighting FPZs, with the focus reach investigated as part of the Fish and Flows in the Northern Basin project
shown in green (adapted from Brennan et al. 2002; Thoms et al. 2004; Boys and Thoms, 2006; NSW DPI, 2013a).
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FPZs in the Barwon-Darling include:








FPZ1 Mungindi-Presbury Weir (not assessed as part of this project):
o The Barwon River in this zone has a relatively narrow floodplain with a tightly
meandering channel and many in-channel benches. The channel capacity is highly
variable, estimated at 4,000 ML/day near Mungindi, but cross section area increases
downstream (Boys and Thoms, 2006). The channel width varies from 40 to 60 m and
the depth may be up to 10 m on the channel bends (NSW DPI, 2012b).
o Assessment of wetland commence-to-fill volumes in this zone identified that 78%
required flows of 0-4,000 ML/day, and 22 % required flows of 9,000-17,000 ML/day
(Brennan et al. 2002).
o The gauging station used to assess ‘top of system’ flows for the project is located at
Mungindi (refer Section 5.1).
FPZ2 Presbury Weir to Collarenebri (not assessed as part of this project):
o The Barwon River in this zone has a relatively narrow floodplain with a tightly
meandering channel and many in-channel benches (NSW DPI, 2012b).
o Bankfull cross-section area increases downstream and the channel has an average
bankfull capacity of 40,000 ML/day (Boys and Thoms, 2006).
o Assessment of wetland commence-to-fill volumes in this zone identified that 30%
required flows of 1,000-2,000 ML/day, 60% required 19,000-30,000 ML/day and 10%
required 60,000 ML/day (Brennan et al. 2002).
FPZ3 Collarenebri-Brewarrina (Walgett-Brewarrina assessed as part of this project):
o Barwon River has a relatively narrow floodplain with a tightly meandering channel and
many in-channel benches. The channel capacity is highly variable, estimated at 50,000
ML/day upstream of Walgett (NSW DPI, 2012b).
o The length of this zone from Walgett to Brewarrina assessed as part of this project is
279 km (refer Section 6.1).
o The gauging stations within this zone used to assess flows for the project are located
at Walgett and Brewarrina (refer Section 5.1 and Section 6.1).
o The floodplain widens downstream of Walgett as it flows unrestricted across alluvial
plains with few bedrock outcrops to restrict its path. River channel capacity increases
dramatically downstream of Collarenebri with inflows from the Boomi, Little Weir,
Gwydir, Mehi and Moonie Rivers. The channel width varies from 40 to 60 m and the
depth may be up to 10 m on the channel bends (NSW DPI, 2012b).
o The floodplain widens downstream of Walgett as it flows unrestricted across alluvial
plains with few bedrock outcrops to restrict its path (NSW DPI, 2012b).
o Cross-section areas in this zone decrease downstream (Boys and Thoms, 2006) and
there may be a lower concentration of meso-habitat features (particularly large
wood) than other zones (Boys and Thoms, 2006).
o Assessment of inset benches upstream of Walgett identified 149 surfaces, with 67 at
low flow range (1-2,000 ML/day, surface area of 18,153 m2), 46 at mid-range (2,0005,000 ML/day, surface area of 17,250 m2), and 36 at high range (5,000-10,000 ML/day,
surface area of 13,044 m2) (Southwell, 2008).
o Assessment of commence-to-fill thresholds for wetlands in this zone identified that
6% required flows of 2,000-5,000 ML/day, 86% required flows of 9,000-32,000
ML/day and 8% required flows of 38,000-40,000 ML/day (Brennan et al. 2002).
FPZ4 Brewarrina-Bourke:
o The floodplain is at its widest between Walgett and Bourke. Within this reach the
channel becomes less sinuous, but there are many anabranches and effluent
channels, which split from and later re-join the main channel. Several large tributaries
flow into this reach of the river including the Bokhara, Culgoa, Namoi, Castlereagh,
Macquarie and Bogan Rivers.
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The length of this zone is estimated at 207 km (refer Section 6.1).
The gauging stations within this zone used for assessing flows for this project are
located at Beemery on the Barwon River and Bourke on the Darling River (refer
Section 5.1 and Section 6.1).
o This zone contains a relatively constant cross-section area (Boys and Thoms, 2006).
o Assessment of inset benches at Bourke identified 107 surfaces, with 38 at low flow
range (1-5,000 ML/day, surface area of 10,628 m2), 28 at medium flow range (5,00010,000 ML/day, surface area of 8,066 m2), and 41 at high flow range (10,00030,000 ML/day, surface area of 12,479 m2) (Southwell, 2008).
o Assessment of commence-to-flow thresholds for wetlands in this zone identified that
6% required flows of 0-4,000 ML/day, 82% required flows of 11,000-32,000 ML/day,
and 12% required flows of 47,000-60,000 ML/day (Brennan et al. 2002).
FPZ5 Bourke-Tilpa:
o Downstream of Bourke the Darling River is strongly influenced by geological controls
which determine its course in a southwest direction. The river flows within a deeply
incised channel with few channel benches and a narrow floodplain. The channel width
is between 60 to 80 m and channel depth up to 25 m (NSW DPI, 2012b).
o The length of the zone is estimated at 355 km (refer Section 6.1).
o The gauging stations for this zone used to assess flows for this project are located at
Louth and downstream 19A (Section 5.1 and Section 6.1).
o Assessment of commence-to-flow thresholds for wetlands in this zone estimated that
77% required flows of 14,000-50,000 ML/day, 17% required flows of 59,000-82,000
ML/day, 3 % required flows of 106,000 ML/day, and 3% required flows of 177,000
ML/day (Brennan et al. 2002).
FPZ6 Tilpa-Wilcannia:
o Channel decreases in size in this zone as you move downstream (Boys and Thoms,
2006).
o The length of the zone (Tilpa-Wilcannia) is estimated at 275 km (refer Section 6.1).
o The gauging stations used to assess flows for this zone are located at Tilpa and
Wilcannia (Section 5.1 and Section 6.1).
o Assessment of commence-to-fill thresholds for wetlands in this zone identified that
23% required flows of 8,000-26,000 ML/day, 54% required flows of 29,00035,000 ML/day, 15% required flows of 37,000-42,000 ML/day and 8% required flows
of 46,000-48,000 ML/day (Brennan et al. 2002).

The Barwon-Darling valley’s population is approximately 50,000 people spread over a vast area, with
town centres including Collarenebri, Walgett, Brewarrina, Bourke and Wilcannia (MDBA, 2015).
Agriculture is the region’s primary economic activity, with primarily cattle and sheep grazing making
up over 94% of all land use (Crabb, 2004; Green and Petrovic 2011). There is also some dryland
cropping and areas of irrigated cropping between Brewarrina and Mungindi. Irrigation activities are
focused on cotton, citrus, grapes and vegetables, with around 63,000 ha of land irrigated, including
over 57,000 ha for cotton production (CSIRO, 2008). Irrigation, together with dryland cropping
comprises less than 1% of total land use in the catchment (Green and Petrovic 2011; NSW DPI, 2012b).
In 2011 agricultural production contributed $48.2 million to the economy, of which $9.5 million came
from irrigated production (MDBA, 2015). There are around 1,053 local anglers in the catchment and
annual expenditure associated with recreational fishing in the Barwon-Darling has been estimated at
around $1,994,867 (based on 2012 figures), with an annual consumer surplus of $663,098 (Deloitte
Access Economics, 2012; p.63).
The Barwon-Darling is a typical semi-arid Australian river characterised by extreme climatic variability,
with low rainfall a feature of the catchment, leading to intermittent flow conditions in many of the
river systems. The discharge for the Barwon-Darling is ‘highly skewed’, with a large proportion of
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average flows occurring in very wet years and during major floods (Thoms and Sheldon, 2000). The
system’s flow regime is characterised by a series of flood events and intervening recessions which can
last a few months or occasionally a few years. Despite the semi-arid nature of the river, minor flow
events can be expected once or twice a year, and periods of low flow are generally the exception, with
the river only stopped flowing 4% of the time at Brewarrina (Green and Petrovic, 2011; NSW DPI,
2012b). Major flood peaks exceeding 100,000 ML/day at Brewarrina (such as those during the 1950s
and 1970s) have occurred every 20 to 30 years, while medium sized floods of up to 50,000 ML/day
have occurred once or twice per decade (NSW DPI, 2012b).
Average rainfall in the catchment decreases in a gradient from east to west from around 500 mm in
the north near Mungindi to around 200 mm near Broken Hill (Green and Petrovic, 2011; NSW DPI,
2012b). In the north rainfall tends to be summer dominant while southern parts of the catchment
receive lower monthly rainfall which is more evenly distributed throughout the year; however, the
catchment does receive intense rainfall, which can result in severe and widespread flooding. It is
estimated that the system contributes 2.8% of total runoff in the Murray-Darling Basin (CSIRO, 2008).
Surface water flows in the system generally increase in volume upstream of Bourke; however, further
downstream, flows generally decrease because of the lack of inflows from tributaries and increased
rates of evaporation (Thoms et al. 2004).
There are over 100 major (greater than 2 m head loss) instream barriers to fish passage located within
the Barwon-Darling valley, including weirs, and road crossings, with 15 of the major weir structures
occurring along the main stem Barwon-Darling River upstream of Menindee Lakes to the Macintyre
junction (NSW DPI, 2007a; Nichols et al. 2012; Figure 7). These structures have varying levels of
impacts on native fish within the system, with some structures drowning out more frequently than
others to provide suitable fish passage (Figure 7); however, the cumulative impact of these weirs along
the system impedes natural flow, affecting not only the life histories of native fish but also the
condition of upstream and downstream habitats, and seasonal or ephemeral habitats on floodplains
and wetlands (Cooney, 1994; Thorncraft and Harris, 2000; Fairfull and Witheridge, 2003; NSW DPI,
2006).

31

Figure 7: Location of 15 major fish passage barriers on the main stem Barwon-Darling River,
highlighting estimated drown out values and the corresponding gauge for each structure as identified
in Cooney (1994).
The BWS identifies the Barwon-Darling River (Menindee to Mungindi) as an important environmental
asset on the basis that it provides a key movement corridor, high biodiversity, a key site of
hydrodynamic diversity, threatened species and dry period/drought refuge (MDBA, 2014). The
Talyawalka Anabranch is also identified as an important asset as a key movement corridor, key site of
hydrodynamic diversity and dry spell/drought refuge (MDBA, 2014).
In addition, the BWS identifies priorities for increasing distribution of specific native fish species
(expansion of existing populations and/or establishment of new populations). Those specific to the
Barwon-Darling catchment include:



Expanding the core range of Silver Perch populations in the Barwon-Darling system; and
Establishing or improving core range of Southern Purple Spotted Gudgeon by 2-5 additional
populations with priority populations including the Barwon-Darling.

The MDBA currently uses nine site-specific flow indicators to define the EWRs of the Barwon–Darling
River system. The flow indicators include gauged locations at Wilcannia, Bourke and Louth (Table 6).
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Table 6: Existing site specific flow indicators and associated ecological targets for the Barwon-Darling
River upstream of Menindee Lakes (MDBA, 2012).
Asset

Floodplain
wetlands and
vegetation
(Talyawalka –
Teryaweynya Creek
system; flows
gauged at
Wilcannia on the
Darling River)

Site-specific ecological targets
Provide a flow regime that ensures the
current extent of native vegetation of the
riparian, floodplain and wetland
communities is sustained in a healthy,
dynamic and resilient condition.
Provide a flow regime that supports the
habitat requirements of waterbirds and is
conducive to successful breeding of
colonial nesting waterbirds.
Provide a flow regime that supports
recruitment opportunities for a range of
native aquatic species.
Provide a flow regime that supports key
ecosystem functions, particularly those
related to connectivity between the river
and the floodplain.

Nutrient cycling
(flows gauged at
Bourke on the
Darling River)

Connectivity (flows
gauged at Louth on
the Darling River)

Provide a flow regime that supports
recruitment opportunities for a range of
native aquatic species.
Provide a flow regime that supports key
ecosystem functions, particularly those
related to longitudinal connectivity.

Provide a flow regime that supports
recruitment opportunities for a range of
native aquatic species.
Provide a flow regime that supports key
ecosystem functions, particularly those
related to longitudinal connectivity.

Site-specific flow indicators
30,000 ML/day for a minimum of 21 days
between January and December for 20%
(high uncertainty) to 25% (low
uncertainty) of years.
30,000 ML/day for a minimum of 30 days
between January and December for 15%
(high uncertainty) to 18% (low
uncertainty) of years.
A total in-flow volume of 2,350 GL (based
on a minimum flow rate of
30,000 ML/day) during January and
December for 8% (high uncertainty) to
10% (low uncertainty) of years.

Minimum of 2 events of 10,000 ML/day
for 5 consecutive days between January
and December for 46% (high uncertainty)
to 61% (low uncertainty) of years.
Minimum of 2 events of 10,000 ML/day
for 17 consecutive days between January
and December for 29% (high uncertainty)
to 38% (low uncertainty) of years.
Minimum of 2 events of 20,000 ML/day
for 5 consecutive days between January
and December for 28% (high uncertainty)
to 38% (low uncertainty) of years.
Minimum of 2 events of 5,000 ML/day for
10 consecutive days between January
and December for 49% (high uncertainty)
to 66% (low uncertainty) of years.
Minimum of 2 events of 10,000 ML/day
for 10 consecutive days between January
and December for 37% (high uncertainty)
to 49% (low uncertainty) of years.
Minimum of 2 events of 14,000 ML/day
for 10 consecutive days between January
and December for 28% (high uncertainty)
to 37% (low uncertainty) of years.

The flow indicators for Louth in Table 6 were based on flow thresholds required for inundation of key
aquatic habitat known to be an important part of the reproductive cycle for Murray Cod and Golden
Perch (MDBA, 2012; p.18; based on Boys, 2007), with the 10 day flow duration based on the known
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reproductive requirements of Murray Cod and the mean duration of in-channel flows under modelled
without development conditions (MDBA, 2012; p.20). The flow indicators for nutrient cycling
(specified at Bourke) are also relevant for fish outcomes (particularly in terms of maintenance and
condition) and were based on flow thresholds required for inundation of in-channel benches between
Walgett and Bourke and the mean duration of in-channel flows under modelled without development
conditions (Southwell, 2008; MDBA, 2012). The two events in a year are based on Barwon–Darling
system hydrology. The flow indicators at Wilcannia are specified to meet the requirements of the
Talyawalka – Teryaweynya Creek system but there is an assumption that the flow indicators will also
inundate the wider floodplain of the Barwon–Darling river system. The MDBA is investing in floodplain
inundation models that will be able to test this assumption and further analyse the environmental
water requirement for floodplain environmental outcomes in the Barwon–Darling river system.
4.2 Aquatic habitat of the Barwon-Darling
Detailed habitat mapping has been undertaken and assessed as part of the Fish and Flows in the
Northern Basin project along the Barwon-Darling between Wilcannia and Walgett (Section 6.1).
Mapping included the identification of large woody debris, fish barriers, pump sites, stock access
points, river access points, tributaries and gullies, riparian woody weeds and aquatic vegetation,
refuge habitat, in-channel benches and erosion, with commence-to-inundate heights to be calculated
for instream habitat features including large woody debris, benches and channel connectivity.
This new information, as well as additional related habitat assessments being completed as part of
the Northern Basin Review, complements existing habitat information for the Barwon-Darling, which
shows a diverse range of habitats including deep channels, swamps, floodplains and wetlands as well
as niche habitats such as deep pools, riffles, benches, snags, gravel beds, aquatic vegetation and
riparian vegetation.
There are many floodplain wetlands in the Barwon-Darling, with an initial assessment showing a total
of 583 wetlands between Mungindi and Menindee, dominated by anabranches in the upper reaches
and larger, complex billabongs in the lower sections (Brennan et al. 2002). Flood events of up to 50,000
ML/day across the Barwon-Darling system are considered the most important in connecting these
floodplain wetlands with the main channel (i.e. inundation of 90% of wetlands). Included in these
wetlands is the internationally important Talyawalka Anabranch and Teryaweynya Creek that supports
large areas of black box and red gum, and has been known to support up to 20,000 waterbirds (MBDA,
2012a).
The main channel also contains areas of quality in-stream habitat, including deep pools, snags,
benches and woody debris. Previous work has shown that the availability of in-stream habitat changes
down the system, with upstream reaches having greater structural woody habitat whilst downstream
reaches have deeper channels and less riparian vegetation (Boys et al. 2005). An initial assessment of
the system also identified 256 benches along two 15 kilometre stretches of the Barwon-Darling River
at Walgett and Bourke (Southwell, 2008). Benches can be classed as either low, mid or high based on
their position in the channel (Southwell, 2008), with associated inundation thresholds (Table 7).
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Table 7: Inundation information for benches identified in the Barwon-Darling at Walgett and Bourke,
with flow values measured at Dangar Bridge and Bourke respectively (Southwell, 2008).
Reach

Attributes

Low

Mid

High

Walgett Reach

Flow range (ML/day) 1–2,000 2,000–5,000

5,000–10,000

Walgett Reach

No. of surfaces

67

46

36

Walgett Reach

Surface area (m2)

18,153

17,250

13,044

Bourke Reach

Flow range (ML/day) 1–5,000 5,000–10,000 10,000–30,000

Bourke Reach

No. of surfaces

38

28

41

Bourke Reach

Surface area (m2)

10,628

8,066

12,479

Previous habitat mapping between Mungindi and Tilpa also identified over 7,800 pieces of large
woody debris of varying levels of complexity and size (Boys et al. 2005). This debris is important as
habitat for large-bodied native fish species such as Murray Cod and Golden Perch (Boys et al. 2005).
Thresholds to inundate this habitat vary along the system, ranging from 0 to 106,469 ML/day at Mogil
Mogil (Boys, 2007).
As part of the MDBA’s Northern Basin Review, mapping and modelling of waterhole persistence and
refugia in the Lower Balonne and Barwon-Darling is also being undertaken. This project intends to fill
knowledge gaps about the persistence times of refuge waterholes and the relationship between flow
and sediment infilling. Selected waterholes in the Barwon-Darling are under review, but include weir
pools at Presbury Weir, Barwon Nature Reserve, Collewaroy, Summerville, Jandra (Weir 19A), Hells
Gate, Akuna, Weir 20A, Winbar, Nangara Bend, Trevallyn, Wilga and Ellendale (natural pool)
(Queensland DSITI and NSW Office of Water, 2015). These waterholes have depth loggers installed to
measure water level decline over an extended dry period. This decline will be used to calibrate the
waterhole persistence models. The waterhole models can then be used to test the maximum
persistence of the individual waterholes and model the persistence of the network of waterholes
through the modelling of a flow regime (i.e. model a time series of actual or modelled flow data). The
project also includes additional spatial LANDSAT analysis to identify additional Northern Basin
waterholes (and their persistence during past no-flow spells) across the Queensland MDB and the
Barwon-Darling catchment. This project is likely to produce extra habitat information for the BarwonDarling.
In addition to these habitat components of the Barwon-Darling system, key hydrological thresholds
for low flows in the Barwon-Darling system have been identified that are required to sustain inchannel habitat components and native fish communities (NSW DPI, unpublished; Table 8). These
thresholds were developed as part of activities that identified key ecological assets in the MurrayDarling Basin in an attempt to explain the importance of low flows for the survival of native fish
populations (NSW DPI, unpublished). The thresholds help establish flow requirements that are needed
to maintain these important aspects of riverine ecology.
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Table 8: Key in-channel hydrological thresholds and flow requirements for the Barwon-Darling River
upstream of Menindee Lakes (NSW DPI, unpublished). The percentiles are based on without
development flows.
Key hydrological threshold

Flow requirement
36 ML/day @ Brewarrina
36 ML/day @ Bourke
33 ML/day @ Louth
395 ML/day @ Brewarrina
490 ML/day @ Bourke
490 ML/day @ Louth
3,600 – 11,500 ML/day @ Brewarrina
8,200 – 14,500 ML/day @ Bourke
5,900 – 9,200 ML/day @ Louth

Low flows (defined as 95th%ile flows)

Base flow (defined as 80th%ile flows)

In-channel freshes (defined as 15th – 30th%ile)

Low flows and base flows play an important role in maintaining drought refuge and sustaining inchannel habitat. The provision of these flows also enables longitudinal dispersal and provides
conditions that stimulate spawning and support the recruitment of many native fish species (Rolls et
al. 2013). Based on initial analysis of modelled flow data, it appears as though the frequency of low
flows and base flows have experienced significant sustained increases in parts of the Barwon-Darling
River (Section 5.1). Whilst this analysis requires ground truthing to determine actual impacts, it has
potential to affect the heterogeneity of low flow events and reduces their influence on critical
ecological components. In contrast, the frequency of in-channel freshes that promote fish spawning,
recruitment and dispersal have been significantly reduced across the Barwon-Darling River greatly
affecting native fish populations in the system (Section 5.1).
In recognition of how important a healthy Barwon-Darling River is to the local communities and native
fish populations of the Basin, the system has been recognised as a High Conservation Value Aquatic
Ecosystem and a demonstration reach has been established between Brewarrina and Bourke (NSW
DPI, 2011). Demonstration reaches are large sections of river where multiple, community-driven,
activities are implemented to improve in-stream and riparian habitats (Barrett and Ansell, 2005).
Demonstration reaches provide an opportunity to showcase the benefit of river rehabilitation
activities, empowering local communities to improve river health and achieving significant changes on
the ground (Barrett and Ansell, 2005).
Since the establishment of the Brewarrina to Bourke demonstration reach a significant amount of onground work has been completed along the reach, including the installation of over 400 pieces of large
woody debris; over 8,500 native trees planted; over 100km of weed management undertaken; erosion
controlled at three priority sites, and; nine off-stream watering points installed (NSW DPI, 2011).
Additional mapping of woody debris was undertaken along the reach, identifying 7,295 pieces of large
wood habitat; however it was estimated that only 10% this habitat was available to native fish for 90%
of the time (Boys et al. 2013). In addition to this, complementary works, including strategic riparian
fencing and the reintroduction of 525 pieces of large woody debris, have also been completed on the
Barwon-Darling River at a 60 km reach near Wilcannia. Extensive community engagement has also
been undertaken as part of these activities, and a monitoring and evaluation plan has been developed
focussing on trends in fish assemblages across the reach (Boys et al. 2013).
4.3 Fishes of the Barwon-Darling
The extensive range of aquatic habitat in the Barwon-Darling River supports a diverse assemblage of
aquatic species. A total of 19 fish species inhabit the Barwon-Darling system, including 15 native fish
species (Gehrke and Harris, 2004; Table 9). This list was compiled by reviewing current species
distributions from the NSW DPI Freshwater Fish Research Database (NSW DPI FFRD) (records collected
between 1994 and 2011; NSW DPI, 2012a) as well as Australian Museum records (as cited in Morris et
al. 2001). The NSW DPI FFRD was also analysed to determine fish community status (NSW DPI, 2015a;
Figure 8).
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Table 9: Fishes of the Barwon-Darling valley and associated Northern Basin functional group.
(Federal and NSW State listed Threatened Species shaded green and indicated by an asterisk; and alien species shaded red and indicated by a hash).
Functional group

Species

Zones

Flow Dependent
Specialists

Golden Perch

Upper, middle and lower

*Flow Dependent
Specialists

Silver Perch

Upper, middle and lower

Hyrtl’s Tandan

Upper, middle

Spangled Perch

Upper, middle and lower

Flow Dependent
Specialists
Flow Dependent
Specialists

*In-channel Specialists

Murray Cod (2A) Upper, middle and lower

*In-channel Specialists

Freshwater
Catfish (2B)

*In-channel Specialists

Purple Spotted
Upper, middle and lower
Gudgeon (2B)

Upper, middle and lower

*Floodplain Specialists

Olive Perchlet

Upper, middle and lower

Floodplain Specialists

Rendahl’s
Tandan

Upper

Valley comments
Appears most common in Zone 3 (Brewarrina – Bourke) of the Barwon-Darling (Boys and
Thoms, 2006; p.18).
Research on spawning requirements at Menindee Lakes suggests lower spawning
temperature (<18.8 °C) than previously recorded and spawning over an extended period
(autumn, winter and spring) (Ebner et al. 2009; p.575). This is distinct from Southern Basin
populations, which generally spawn in spring and early summer (Ebner et al. 2009; p.576).
Conservation advice notes that 'no Silver Perch have been sampled in the mid-Darling Rivers
since 2002 (Australian Government Department of Environment, 2013; p.12). The species is
noted of being 'particular concern' in the Barwon-Darling (encountered at two sites in the
upper Barwon (Boys, 2007), and on the Darling River at Bourke and Tilpa) (Boys and Thoms,
2006; p.18; NSW DPI, unpublished data).
NSW DPI FFRD records species in the Darling River (Bourke, Brewarinna and Louth).
Occurs in northern and western portions of the Murray-Darling Basin (essentially north of
Condobolin).
National recovery plan identifies 'Border rivers (Barwon and Macintyre) and all major
tributaries in NSW' as an important population (National Murray Cod Recovery Team 2010,
p.9). Strongly associated with large wood in the Barwon-Darling system (Boys et al. 2005,
p.x). Key asset sites include the Barwon River (Brewarrina and Tilpa) (NSW DPI, unpublished
data).
Collected on less than 1% of sampling occasions in the Darling (Rourke and Gilligan, 2010;
p.7). Primarily recorded in the upper Darling (Rourke and Gilligan, 2010; p.8). Also recorded
at Bourke to Tilpa reach (Boys and Thoms, 2006; p.18).
Historical distribution includes the Darling River (NSW DPI, 2013a; p.2).
NSW DPI FFRD records species in the Barwon River (Collymongle Falls) and Darling River
(Wilga, Weilmoringle Rd and near Bourke). Western population has significantly declined in
recent years (NSW DPI, 2013a; p.1).
Listed as expected in the Upper Darling system in SRA 2 fish community (Davies et al. 2012).
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Functional group
#Floodplain Specialists
Generalists
Generalists
Generalists
Generalists
Generalists
Generalists

Species
Gambusia
Australian Smelt
Bony Bream
Carp Gudgeon

Zones
Upper, middle and lower
Upper, middle and lower
Upper, middle and lower
Upper, middle and lower

Flat-Headed
Gudgeon
Unspecked
Hardyhead
Murray-Darling
Rainbowfish

Middle and lower

Valley comments
Third most abundant alien species identified in Darling catchment (Davies et al. 2012).
Common throughout Barwon-Darling system.
Most numerous species recorded for Darling in SRA 2 (Davies et al. 2012; p.223).
Primarily found in lower Darling in SRA 2, also upper Darling in low numbers (Davies et al.
2012; p.223).
Not recorded in SRA 2 data (Davies et al. 2012; p.223).

Upper, middle and lower

Not recorded in SRA 2 data (Davies et al. 2012; p.223).

Upper, middle and lower

Recorded in all three zones in SRA 2 data (primarily upper zone) (Davies et al. 2012; p.223).

#Generalists (alien)

Carp

Upper, middle and lower

#Generalists (alien)

Goldfish

Upper, middle and lower

#Generalists (alien)

Redfin Perch

Middle and lower

Most abundant alien species in the Darling catchment (Davies et al. 2012). Hotspots
identified in the Barwon upstream of Bourke and Darling between Tilpa and Burtundy (Gehrig
and Thwaites, 2013).
Second most abundant alien species identified in Darling catchment (Davies et al. 2012).
Included as expected species in previous report on recruitment in the Barwon-Darling (NSW
DPI, 2013a).
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Figure 8: Fish Community Status for the Barwon-Darling valley, highlighting condition of fish communities and Carp hotspots
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Overall, the fish community of the Barwon-Darling Valley is in moderate health, with minimal reaches
below poor condition and some parts of the valley, mainly western systems, possessing fish
communities in good to very good condition (Figure 8). The valley does contain threatened species,
with the range of some threatened species covering the length of the Barwon-Darling and Paroo
systems, as well as reaches of other major waterways (Figure 8). Whilst the majority of the fish
community of the valley is in a moderate condition, providing a strong platform for fish recovery if
management actions are developed and implemented appropriately, there are still many factors that
impact native fish in the Barwon-Darling valley. These factors include barriers to fish passage, changes
to water flow, extraction through river offtakes, degradation of in-stream habitat and riparian
vegetation, poor land management, and alien fish species (NSW DPI, 2007b).
Five of the native fish species recorded in the Barwon-Darling valley are listed as threatened in NSW
waters (Table 9). Purple Spotted Gudgeon, Freshwater Catfish of the Murray-Darling Basin, and the
western population of Olive Perchlet are listed as Endangered under the FM Act 1994, whilst Silver
Perch and Murray Cod are listed as Vulnerable under the FM Act 1994 and EPBC Act 1999, respectively.
All of these species have an expected distribution in the Barwon-Darling River and associated
tributaries, with historical records indicating their presence throughout the area (NSW DPI, 2007b;
Table 9; Figure 8). In addition to these threatened native fish species, the threatened river snail species
Notopala sublineata is also listed as an endangered species in NSW under the FM Act 1994. This
species also has an expected distribution in the Barwon-Darling River, and was once widespread in the
Murray-Darling Basin; however similar threats to those affecting native fish populations have also
resulted in a decrease in the presence of this aquatic species (NSW DPI, 2005).
The Barwon-Darling valley also possesses four alien species that have been introduced into the system
from outside their normal range: Carp, Goldfish, Gambusia and Redfin Perch (Table 9). The second
report of the SRA found that alien fish found in the Darling Valley river system contributed 35% of the
total fish biomass, and represented 16% of all fish recorded in the upper and middle zones of the
valley (Davies et al. 2012). The most common alien fish captured in the Darling Valley river system was
Carp, which represented 10% of all fish recorded in the upper and middle zones of the valley (Davies
et al. 2012). NSW DPI fish community status mapping identifies a number of areas with a ‘high alien
presence’, including tributaries near Walgett and the Barwon River between Walgett and Brewarrina
(Figure 8). Additional separate analyses to examine Carp recruitment across the Basin complements
the ‘high alien presence’ information, identifying a number of areas within the Barwon-Darling,
including the mainstem Barwon upstream of Bourke and some tributaries, as Carp hotspots (Figure
8). Differences between NSW Fish Community Status mapping of ‘high alien presence’ and Carp
hotspot mapping may be accounted for by different methodologies used by the two projects and the
presence of other alien species in the NSW Fish Community Status results. The identification of alien
species hotspots also aligns with the identification of Carp hotspots in the Barwon and lower reaches
of tributary valleys, and the Darling between Tilpa and Burtundy and including Menindee (Gehrig and
Thwaites, 2013; p.19).
5. Hydrological condition of the Barwon-Darling
5.1 Assessment of hydrological condition in the Barwon-Darling
Water regulation infrastructure associated with urban and agricultural development in the catchment
is concentrated along the main-stem of the Barwon-Darling upstream of Menindee Lakes to the
Macintyre junction. The reach upstream of Menindee is highly affected by headwater dams on
tributaries, low level weirs and water extraction. Annual surface water diversions have fluctuated
between 100 GL/year to 500 GL/year since 1980, with a high level of relative use in the system of 39%
(Thoms et al. 2004; CSIRO, 2008). This development has caused significant modification of the
catchment, resulting in environmental problems such as changes to flow regimes, barriers to fish
passage, reduction in water quality, degradation of riparian vegetation, and loss of aquatic habitat.
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Analysis of modelled flow data at key gauges along the Barwon-Darling, including Mungindi, Walgett,
Brewarrina, Bourke, Louth and Wilcannia, for the period between 1895 and 2009, has been
undertaken to identify components of the flow regime that have been most impacted by
development. This analysis compares current baseline conditions of development (pre–Basin Plan
arrangements) and without development conditions.
The baseline scenario represents a starting point against which the effect of implementing the Basin
Plan (in particular, the introduction of SDLs) can be assessed. This scenario is the best available
estimate of current use of water resources of the Basin as at 2009. It reflects the water sharing
arrangements that were in place in June 2009. These arrangements include entitlements, water
allocation policies, water sharing rules, operating rules and infrastructure such as dams, locks and
weirs. The level of development is as per the Murray-Darling Basin Cap for all States, unless current
water sharing arrangements have a usage level lower than the Cap level.
The without development scenario is a near natural condition model run. It is based on the MDBA’s
baseline scenario, but removes from the system all the dams, irrigation and environmental
works/infrastructure, all consumptive users (such as irrigation, town water supply and industrial water
uses), and the rules governing flows such as channel capacity constraints. However, the without
development scenario is not a true representation of pre-European conditions, as inflow estimates
have not been corrected for land use changes and on-farm development, which are largely included
implicitly in the measured flow data used to calibrate the models. Moreover, the impact of changes
due to levee construction and other in-channel structures on flows in anabranch systems has not been
considered. This scenario is however, the best available representation of the natural conditions.
Seasonal analysis of the modelled flow data at key gauges along the Barwon-Darling, including
Mungindi, Walgett, Brewarrina, Bourke, Louth and Wilcannia, for the period between 1895 and 2009
highlights the long-term average impacts of development on flows of the system across the year
(Figure 9).
The comparative analysis of monthly flows along the Barwon-Darling River highlights changes in flows
moving down the system. Both annual volumes and flood peaks historically increased downstream
Mungindi to Bourke, but then decreased downstream of Bourke due to a lack of tributary
contributions and increased evaporation (Thoms and Sheldon, 2000; Figure 9).
The modelled average monthly flow data strongly shows that whilst seasonality has been maintained
at all gauge locations along the Barwon-Darling River, long-term average flow volumes have been
significantly reduced, and there is less defined seasonal peaks at all locations (Figure 9). This impact is
most notable for peak events during late summer and late winter/early spring, with a 40% reduction
in flows for these peak events on the Darling River at Bourke (Figure 9).
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Figure 9: Modelled flow data analysis (1895 – 2009) for selected gauge sites of the Barwon-Darling,
moving from upstream (a) to downstream (f), comparing monthly flows between baseline conditions
and without development conditions (source: MDBA).
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Comparative analysis of the average number of days per year the modelled flows exceed flow
thresholds between 1,000 ML/day to 50,000 ML/day was undertaken (Figure 10). The analysis shows
a similar change across the gauge locations and flow thresholds. The figure shows that for the baseline
scenario the duration (expressed as average number of days per year) above the majority of flow
thresholds is around 40-50% less than the without development scenario. Although it is not apparent
from the figure, the exception to this trend is Mungindi and Wilcannia where there is a greater impact
for the upper range of the flow thresholds investigated (i.e. up to 70% reduction in duration); however,
for these sites, the upper end of the flow range represents significant flooding.
The figure shows the approximate transition from in-channel flows to overbank flows for each gauge
analysed. For the in-channel flows (the target for determination of EWRs in this project), the analysis
shows that, whilst flow durations have been reduced, there is no clear in-channel flow component
that has been more severely impacted by regulation in terms of flow duration (Figure 10).
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Figure 10: Modelled flow data analysis (1895 – 2009) for selected gauge sites of the Barwon-Darling,
moving from upstream (a) to downstream (f), comparing the average number of days in a year flow
thresholds are exceeded for baseline conditions and without development conditions (source: MDBA).
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Further comparative analysis of flow thresholds for the same modelled flow data at Walgett, Bourke
and Wilcannia, shows changes in hydrological metrics for flow events between the without
development and baseline conditions scenarios (Table 10). The analysis has grouped flow events into
flow threshold bands and highlights differences in frequency, duration and volume for the two modelled
scenarios investigated.
For this analysis, the mean duration is calculated as the average number of days the events within the
threshold range are above the lower threshold; the mean volume is calculated as the average volume
of the events above the lower threshold (only includes events within the threshold range), and; the
mean rise and fall is the average days taken to go from the lower threshold to the peak (rise) and then
from the peak to the lower threshold (fall).
The comparative analysis for flow thresholds along the Barwon-Darling further highlights changes in
flow attributes between without development and baseline conditions. All of the flow thresholds and
the corresponding flow components have been impacted by river regulation across the length of the
Barwon-Darling River, with similar patterns discovered moving from upstream to downstream. This
includes some thresholds having a greater than 50% reduction in frequency at all three gauges,
especially for flows representing bankfull and small to medium flooding (Table 10).
Flow threshold analysis for the Barwon-Darling valley also indicates that flow events below
4,000 ML/day at Walgett and Wilcannia, and below 6,000 ML/day at Bourke, have increased in
frequency under current baseline arrangements (Table 10). This represents a greater number of small
pulse events along the length of the system; however, whilst the number of these events has increased,
the mean duration and mean volume of these events have experienced a reduction, highlighting the
influence of river regulation on smaller flows in the Barwon-Darling.
The variable nature of the Barwon-Darling Rivers’ hydrology is also evident from this analysis, where it
is common for there to be multiple events in a year, especially for the lower thresholds; however the
number of events per year reduces with increasing flow bands (Table 10).
Complementary percentile analysis of modelled discharge at key gauges of Walgett, Bourke and
Wilcannia on the Barwon-Darling River highlights the difference in monthly flow percentiles between
without development and current arrangements, further demonstrating the impact on in-channel flow
thresholds (Appendix A).
The analyses conducted as part of the project indicates that events in the target range for this project
(6,000 ML/day to bankfull) have been heavily impacted by development. The average frequency of the
events has been heavily impacted with a consistent reduction of between 40-50% for all flow thresholds
across the sites. The average duration and volume of the events have not been as heavily impacted
when compared to the average frequency; however the change across the sites for flows between 6,000
ML/day and 20,000 ML/day is a baseline average volume around 10% less than without development.
Whilst this is a smaller impact, the reduced peaks and duration of events when combined with the
reduction in frequency of the events would have significant implications for aquatic biota and processes
in the Barwon-Darling River.
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Table 10: Modelled flow data analysis (1895 – 2009) for Walgett, Bourke and Wilcannia, comparing the frequency, duration and volume of flow events between baseline and without development. Green represents flow thresholds that
have increased in frequency (number of events), orange reflects flow thresholds that have experienced a reduced frequency, and red highlights flow thresholds that have reduced in frequency by more than 50% (source: MDBA).
a) Walgett
Threshold
Without
Without development
Without
Without
Without
Without
Baseline
Baseline mean
Baseline
Baseline
Baseline
Baseline
(ML/day)
development
mean event duration
development mean
development mean
development mean development years number
event duration
mean event mean event
mean event years with
number of events
(days)
event volume (ML)
event rise (days)
event fall (days)
with an event
of events
(days)
volume (ML)
rise (days)
fall (days)
an event
500-2,000
197
13.3
11,609
5.7
7.6
91
443
8.5
7,120
4.2
4.3
111
2,001-4,000
165
6.4
16,454
3.2
3.2
80
179
5.8
15,178
2.9
2.9
85
4,001-6,000
135
4.8
22,753
2.8
2.0
74
125
3.9
17,869
2.3
1.5
76
6,001-8,000
99
4.3
28,870
2.5
1.9
58
64
3.2
20,850
2.1
1.1
49
8,001-10,000
73
3.1
27,275
2.0
1.2
53
51
3.5
30,963
2.2
1.3
39
10,001-15,000
107
5.0
58,633
2.7
2.4
67
79
5.3
60,383
3.0
2.3
48
15,001-20,000
61
3.9
63,361
2.3
1.6
43
33
3.6
60,901
2.2
1.4
27
20,001-30,000
71
7.0
166,364
4.3
2.7
47
35
5.7
133,665
3.7
2.1
28
30,001-40,000
21
4.6
200,143
2.8
1.8
19
10
4.3
183,462
2.7
1.6
9
40,001-50,000
42
10.2
672,536
5.4
4.8
35
22
10.3
645,813
4.5
5.8
19
50,001-100,000
10
5.8
671,856
2.8
3.0
9
2
8.0
911,151
4.5
3.5
2
>100,000
14
13.5
3,421,120
6.0
7.5
13
12
10.7
2,379,643
5.4
5.3
11
b) Bourke
Threshold
Without
Without development
Without
Without
Without
Without
Baseline
Baseline mean
Baseline
Baseline
Baseline
Baseline
(ML/day)
development
mean event duration
development mean
development mean
development mean development years number
event duration
mean event mean event
mean event years with
number of events
(days)
event volume (ML)
event rise (days)
event fall (days)
with an event
of events
(days)
volume (ML)
rise (days)
fall (days)
an event
500-2,000
93
18.4
16,095
8.0
10.4
63
629
9.8
7,712
4.1
5.7
111
2,001-4,000
96
9.4
24,329
4.5
4.9
63
164
7.8
20,436
3.5
4.3
79
4,001-6,000
80
8.2
38,614
4.5
3.7
63
85
7.6
35,639
3.8
3.8
60
6,001-8,000
71
6.7
44,729
3.5
3.1
49
43
5.9
39,623
3.4
2.4
35
8,001-10,000
54
6.1
53,690
3.1
3.0
44
39
5.5
47,086
2.8
2.7
34
10,001-15,000
98
8.0
93,354
3.9
4.1
70
55
8.9
105,633
4.6
4.4
38
15,001-20,000
67
7.1
117,388
3.7
3.4
56
32
7.5
126,443
4.2
3.3
27
20,001-30,000
77
12.7
295,672
9.1
3.6
56
44
11.5
264,756
8.5
3.0
34
30,001-40,000
24
10.1
439,135
5.6
4.5
21
9
9.2
405,655
5.3
3.9
9
40,001-50,000
35
17.5
1,118,322
7.9
9.6
31
14
17.4
1,109,832
8.5
8.9
11
50,001-100,000
7
15.1
1,776,361
8.6
6.6
6
6
18.3
2,247,832
8.2
10.2
6
>100,000
14
19.5
4,539,928
6.9
12.6
11
10
15.3
3,269,039
5.9
9.4
8
c) Wilcannia
Threshold
Without
Without development
Without
Without
Without
Without
Baseline
Baseline mean
Baseline
Baseline
Baseline
Baseline
(ML/day)
development
mean event duration
development mean
development mean
development mean development years number
event duration
mean event mean event
mean event years with
number of events
(days)
event volume (ML)
event rise (days)
event fall (days)
with an event
of events
(days)
volume (ML)
rise (days
fall (days)
an event
500-2,000
71
38.0
338,846
26.1
11.9
53
117
17.7
15,983
8.0
9.8
69
2,001-4,000
80
11.7
32,107
5.5
6.2
56
83
11.7
31,505
5.5
6.1
57
4,001-6,000
70
8.9
41,883
4.6
4.3
51
52
9.0
41,951
4.5
4.5
39
6,001-8,000
56
8.0
54,201
4.3
3.8
44
28
7.0
46,846
3.8
3.2
24
8,001-10,000
57
7.4
64,155
4.8
2.5
43
30
7.1
61,741
4.6
2.4
27
10,001-15,000
69
11.1
129,140
6.2
4.9
52
39
12.2
144,248
7.2
5.0
32
15,001-20,000
50
10.7
180,347
5.9
4.8
39
27
10.2
171,564
5.6
4.7
23
20,001-30,000
94
22.1
549,602
14.8
7.3
62
44
20.1
500,958
13.6
6.6
34
30,001-40,000
12
40.8
1,846,286
18.0
22.8
11
11
37.7
1,701,798
12.6
25.2
10
40,001-50,000
4
17.0
1,005,094
4.0
13.0
4
1
21.0
1,150,892
10.0
11.0
1
50,001-100,000
0
0.0
0
0.0
0.0
0
0
0.0
0
0.0
0.0
0
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5.2 Fish implications from changes to hydrology in the Barwon-Darling
Changes to the flows in the Barwon-Darling may have a range of impacts on fish in the system. A
reduction in median to high flows and their occurrence during summer months will reduce
opportunities for maintenance of refuge habitat throughout the system, whilst fewer late winter flow
peaks and summer peaks will also impact on fish condition in the Barwon-Darling. In particular,
reduced late winter peaks will lessen inundation of in-channel benches and habitat important for prespawning productivity, as well as reduce longitudinal connectivity. The reduction of summer peaks
and their occurrence will also reduce floodplain connectivity and access to in-channel habitat and
benches, lessening productivity for larvae and juveniles, whilst the steepening of the rising peaks and
falling limbs of the hydrograph following flood events will also have implications for fish in the BarwonDarling.
Longitudinal and lateral movement opportunities for fishes of the Barwon-Darling have also been
influenced by changes to flows along the system. Collarenebri Weir has the highest drown out value
for the 15 major barriers known along the main stem of the Barwon-Darling, estimated at around
18,000 ML/day (Figure 7; Cooney, 1994; NSW DPI, 2006). Achieving flows at this volume would provide
full longitudinal connectivity and access to aquatic habitat for around 1,340 km of waterway in the
Barwon-Darling from Mungindi to Menindee (Figure 7; NSW DPI, unpublished data), whilst additional
information from the Northern Basin Review will be able to provide details on the amount of lateral
connectivity and habitat availability from these flows.
There will be operational and capacity challenges to providing flows greater than 18,000 ML/day in
the upper Barwon, including bankfull capacity at Mungindi, which is estimated at between 8,00010,000 ML/day, however, main-stem channel capacity is unlikely to affect downstream reaches as
bankfull capacity is generally greater than 18,000 ML/day (MDBA, 2013). Preliminary analysis of
constraints to flow delivery in the Barwon-Darling also suggests that tributary inflows may limit higher
flows in the Barwon-Darling to around 14,500 ML/day at Bourke (less than the drown out value
required), and that 10,000 ML/day at Bourke is the maximum flow volume achievable using managed
releases alone (MDBA, 2013).
Achieving flows of 10,000 ML/day on the Darling River at Bourke would provide longitudinal
connectivity and aquatic habitat access to around 1,100 kilometres of waterway in the Barwon-Darling
from Walgett to Menindee (Figure 7; NSW DPI, 2006). Analysis of the modelled without development
flow data indicates that these flows would have been achieved or exceeded for approximately 88 days
a year and on average occurred twice a year generally in summer/early autumn and late winter/spring
(Table 10; Figure 9). Under current arrangements, these flow volumes are modelled to only be
achieved around 44 days a year (50% reduction) on the Darling River at Bourke, with a loss of
winter/spring peaks (Figure 9; Figure 10).
Specifically, hydrological changes along the Barwon-Darling have the potential to affect the spawning,
recruitment, movement and condition responses of fish functional groups in the system.
Flood-dependent specialists of the Barwon-Darling, including Spangled Perch, Golden Perch, Silver
Perch and Hyrtl’s Tandan will have experienced a loss of spawning opportunities associated with
reduced median to high flows in summer and autumn as these species require a rapid rise in flows
between spring and autumn, with the rate of rise and fall for flood pulses often being more important
than flow volumes (King et al, 2003; King et al, 2009; Sharpe, 2011; Zampatti et al. 2015). The reduction
in higher flow volumes, particularly between spring and autumn will also have significant impacts on
moderate to large scale migration (100s of m to 100s of km) and access to floodplain habitat for this
functional group, which can act as a nursery habitat to strengthen recruitment of these species
(Sharpe, 2011). However, the steepening of rising peaks and recession events in particular across the
Barwon-Darling may not be as detrimental to these species that rely on a rapid recession to assist in
egg dispersal, which have a relatively short hatch time.
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Conversely, in-channel specialists in the Barwon-Darling River, including Murray Cod, Freshwater
Catfish, and Purple-Spotted Gudgeon will be affected by the steepening of recession flows following
flood peaks. These species require stable flows following initial peaks to allow for site selection and
spawning, as well as to assist with egg development and larval dispersal, which is enhanced by a
gradual recession of flow. The loss of higher volume flows in late winter/early spring are also likely to
impact on spawning outcomes for these species, especially Murray Cod, including through the
reduction in lotic habitat for nesting and spawning.
Similarly, the reduction of higher volume flows and frequency in spring and summer that would
connect floodplain habitat will impact on spawning outcomes and recruitment for floodplain specialist
species of the Barwon-Darling system, including Olive Perchlet and Rendahl’s Tandan. The reduction
of these connecting flows, coupled with their steepened recession, will also have an impact on larval
dispersal and adult movement for these species as this is assisted by a gradual recession following
large flow events.
This is also the case for generalist species such as Australian Smelt, Bony Bream, Carp Gudgeon, FlatHeaded Gudgeon, Unspecked Hardyhead and Murray-Darling Rainbowfish of the Barwon-Darling, who
also benefit from gradual flow recession to assist in larval dispersal and movement. A reduction in
small and large pulse events and frequency during late summer and autumn will also have an impact
on spawning and recruitment outcomes for these species, which benefit from increased flow
variability in the system to achieve life history outcomes.
Overall, the hydrological analysis conducted provides greater insight into the impact on flows and flow
components of the Barwon-Darling from increased regulation and development along the system and
associated tributaries. This information must be considered in conjunction with relevant ecological
data for the system, including new habitat data and analysis of fish community information to
determine specific EWRs for fishes of the Barwon-Darling.
6. Aquatic values assessment
6.1 Habitat condition
6.1.1 Methods
The Fish and Flows in the Northern Basin project included additional in-channel habitat mapping of
the Barwon and Darling Rivers, with the aim of enhancing the project’s ability to inform a revision of
the EWRs within the Barwon-Darling system. Habitat mapping was completed along the 1,100 km
reach between Walgett and Wilcannia, developing a comprehensive database of in-channel features
for this important system of the Northern Basin, to identify relationships between flow and habitat
access requirements and prioritise future water management actions.
The primary objectives of the habitat mapping component of the project were to:



Document and assess river bed morphology, including the location, length and depth of pools
that may act as drought refugia, as well as in-stream habitat features such as aquatic
vegetation, benches, and large woody debris (snags) loading.
Determine commence-to-inundate heights for key habitat features, including aquatic
vegetation, benches, and snags, relevant to appropriate gauging stations.

Habitat mapping was undertaken by experienced NSW DPI staff and used methods developed and
implemented for similar projects in the Macquarie River (Industry and Investment, 2010), Horton River
(NSW DPI, 2013b) and Little River systems (NSW DPI, in press).
Project staff completed eight field trips to collect the project data between 10 February and 21 May
2015. Over this period flow in the Barwon-Darling River was highly dependent on inflows from the
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Border Rivers catchment, with other main tributaries such as the Gwydir, Namoi, Culgoa, Macquarie,
and Paroo Rivers contributing no or very low flows (Figure 11).

Figure 11: Flow plot analysis of Barwon and Darling Rivers during the field work component between
Feb and May 2015, highlighting flow conditions experienced during the project, as well as the length
of time for flows to negotiate the project area.
Two small pulse flow events occurred during the project timeframe, with the first event peaking just
below 3,000 ML/day at Bourke during February and the second event reaching just above
3,500 ML/day at Walgett in April (Figure 11). These flow events allowed all fieldwork to be completed
using the boat and sonar method, with weir pools between Bourke and Wilcannia mapped during low
flow periods in March and April.
Two methods of field data collection were used, including:



GPS equipped GIS interface for features above the water surface.
GPS equipped side-scanning sonar for submerged features (i.e. snags and refuge pools).

These two data compilation devices enabled the collection of all information necessary to record
habitat features and their condition in both aquatic and riparian areas along the Barwon-Darling River
corridor from Walgett to Wilcannia (Figure 6). A ‘Trimble Nomad’ PDA and a ‘Trimble Yuma 2’, both
with GPS and GIS interface software, were used to record all relevant features visible above the water
surface using the three spatial feature classes of point, line and polygon (Table 11).
To improve data collection efficiencies and standards, unique scripting code was written by NSW DPI
technicians to provide prescribed data entry dropdown menus specific to project requirements. This
enabled all essential attributes for each recorded feature to be entered into the spatial database at
the time of data collection.
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Table 11: Typical features recorded during habitat mapping of the Barwon and Darling Rivers for the
Fish and Flows in the Northern Basin project.
Point features

Line features

Polygon features

Snags: Alignment, Complexity,
Width, Length, Height

Fence lines

Exotic riparian vegetation:
type and extent

Pump sites: Pipe Diameter

Aquatic vegetation: type and
extent

Wetland/Anabranch: Height of
entry/exit points

Erosion and stock
management: type and extent

General Points of Interest (e.g.
boat launch sites, recreation)

Instream features: benches
with height; refuge habitat
with extent and depth

There is an ecological basis for differentiating wood based on size and complexity as there are strong
associations between large wood and fish species such as Golden Perch and Murray Cod (Boys, 2011).
More complex snags are important as they offer greater protection to aquatic fauna from predators
and are more useful as breeding sites. They also provide greater protection for fish out of direct water
flow and have greater influence on the creation and maintenance of refuge habitat (Treadwell, 1999;
NSW DPI, 2007c). Snags mapped as part of the project were classified into four grades of complexity
(Figure 12).

Grade 1: Woody habitat stand - single trunk or
branch

Grade 2: Woody habitat stand – trunk or branch
with one or two branchings.

Grade 3: Woody habitat stand – one or more
trunks with multiple branchings

Grade 4: Woody habitat stand – highly complex
complete tree with multiple branchings, or
accumulation of separate branchings

Figure 12: System used during the Fish and Flows in the Northern Basin project for grading complexity
of snags.
50

To identify refuge habitat (i.e. refuge holes), woody debris and any other important underwater
features such as rock bars, a Humminbird 1197c High Definition Side-imaging Sonar with GPS chart
plotting capability was used. This unit was mounted in an aluminium boat with the master of the vessel
controlling the unit from their position at the stern of the boat. This unit enabled geo-rectifiable sonar
footage (bank to bank) to be recorded as the boat moved along the thalweg of the river in a
downstream direction. To provide the best imaging possible, a custom mount was fitted for the
transducer to sit in the water in front of the vessel to minimise any interference from the propeller.
To simplify data processing, the sonar data was recorded in 15 minute lengths, which usually
approximated 100MB of data. Depending on flow velocity, river height, and amount of river features
in the system such as snags and riffles, a day of mapping would cover from 25 km to 60 km.
Data from each field trip was downloaded from the PDA, Tablet and Sonar and stored upon completion
of the field component of the project. Copies were made of the eight sets of GIS data (point, line and
polygon) from the PDA and Tablet and imported into ArcMap where it was merged into three
shapefiles for editing and analysis. Accuracy and scale of objects recorded in the field on the PDA were
checked using ArcMap GIS software. Aerial imagery was used to assist in aligning and scaling the field
data to its correct position within the mapping projection (GDA94).
Data collected using the side-scanning sonar was converted into georectified imagery and imported
into ArcMap to identify additional underwater features, focussing on snags. The converted data was
overlayed in the project GIS and used to align snags as well as determine complexity, width and length
(Figure 13). Additional underwater features such as rocky outcrops, macrophyte beds, channel form
and other distinct channel features not identified in the field were also identified.

Figure 13: Example of georeferenced data in the Barwon River between Brewarrina and Bourke
superimposed on aerial photography. Clearly visible are several large and complex snags, complete
with main trunks and branches, as well as contours of the riverbed.
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Interference and/or poor GPS signal had a minor impact of the data collected with a small number
(less than 20) of 842 files suffering from corruption that rendered the data either partly or wholly
unusable. This affected approximately 20 km of the project extent, with minimal impact on the results.
To determine the inundation dynamics of habitat features in the Barwon-Darling River, the
commence-to-inundate height (CTIh) was captured along key reaches during the habitat mapping
component using methods established by Boys (2007) and Southwell (2008) (Figure 14).

Figure 14: Schematic of methods used to calculate CTI heights of key habitat features along the
Barwon-Darling River (see text for explanation of values; source: Boys, 2007).
The method involved the use of a Haglof Vertex Laser VL400 hypsometer, which uses ultrasonic signals
to obtain the range of the habitat feature from the instrument (r) and combines this with the angle of
measurement obtained from a tilt sensor (a) to trigonometrically calculate the height of the feature
above the instrument eye level (h1), taking into consideration the height of the instrument above
water level (o) to determine the height above water level (h2) (Figure 14). The stage height (sh) of the
river on the day of mapping was obtained from the relevant gauging stations, which included Walgett
(FPZ3), Beemery (FPZ4 Barwon River), Bourke (FPZ4 Darling River), D/S 19A (FPZ5), and Tilpa (FPZ6),
and this was added to the height above water level to obtain the final inundation height of the habitat
feature (CTIh) (Boys, 2007). The inundation height was then turned into an inundation level by using
the known height/discharge curve for the nearest gauging station (Southwell, 2008).
It should be noted that due to the large distances found in each of the FPZs, there is likely to be a
decrease in confidence of accuracy in proportion to the distance from the relevant flow gauging
station; however this was minimised where possible by selecting gauge sites that best represented
the channel profile for each zone. Significant changes in the channel profile downstream of the
confluence of the Barwon and Culgoa Rivers in FPZ4, where the channel widens and requires larger
volumes to reach similar upstream heights, warranted the use of two gauges to best represent this
zone and ensure greater confidence in the analysis.
6.1.2 Habitat mapping results
Snags
Woody habitat is a major ecological and structural element of waterways, providing hiding and resting
places for fish out the main flow of the river, and spawning sites and territorial markers for several
native fish species (O'Connor, 1992; Lake, 1995; Crook and Robertson, 1999; NSW DPI, 2007c; Koehn
and Nichol, 2014). Snags also assist in developing scour pools and prevent erosion through bank
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stabilisation (Gippel, 1995; Brooks et al. 2004; NSW DPI, 2007c). As instream wood breaks down it also
provides food for benthic algae, invertebrates and microorganisms that form a large part of the food
web for fish species (Treadwell, 1999; NSW DPI, 2007c).
Snag loading and complexity in each reach was recorded to identify the number of snags that will be
inundated under certain flow conditions. The accepted benchmark for snag loading in the BarwonDarling River was previously determined by NSW DPI to be 7.7 snags/km at low flows, defined as being
inundated during greater than 90% of flows, and 46.83 snags/km within the channel (Boys, 2007; Boys
et al. 2013).
In the 1,126 km reach of the Barwon-Darling River that was surveyed, 48,339 snags were recorded,
with an average loading of 42.93 snags/km (Figure 15).

Figure 15: Breakdown of total number of snags recorded in each FPZ of the Barwon-Darling River
between Walgett and Wilcannia, highlighting the grade of snag complexity.
FPZ5 between Bourke and Tilpa on the Darling River had the greatest number of snags overall, with
15,999 individual pieces recorded, whilst FPZ4 between Brewarrina and Bourke on the Barwon River
had the lowest total of snags overall, with only 9,324 snags recorded (Figure 15). Whilst no obvious
pattern in total number of snags was evident between reaches of the Barwon-Darling, there was a
noticeable difference in the average number of snags moving down the system, with the upper
reaches of FPZ3, FPZ4 and FPZ5, covering Walgett to Tilpa overall, having an average snag load of
approximately 45 snags/km, whilst the most downstream reach of FPZ6 between Tilpa and Wilcannia
had a lower snag loading of approximately 38 snags/km (Figure 15).
Grade 1 and Grade 2 complexities dominated the snags recorded in each FPZ of the Barwon-Darling
River, contributing approximately 59% and 36% to the loadings of the overall reach respectively, whilst
Grade 4 snags contributed less than 1% to the woody habitat in the Barwon-Darling River between
Walgett and Wilcannia. The contribution of different snag complexities to each FPZ differed across
zones, with upper reaches (FPZ3 – 60% and FPZ4 – 67%) having a greater proportion of Grade 1 snags
compared to the lower zones (FPZ5 – 56% and FPZ6 – 54%), whilst Grade 2 snags were in higher
proportion in the lower zones (FPZ5 – 40% and FPZ6 – 46%) than the upper reaches (FPZ3 – 32% and
FPZ4 – 31%) (Figure 15). Higher snag complexities contributed smaller proportions to each FPZ, with
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Grade 3 snags providing 5%, 2%, 3% and 4% respectively to each zone moving downstream from FPZ3
to FPZ6, whilst Grade 4 snags only contributed 1% or less to the snag loads in each zone Figure 15).
Previous work to identify snags in the Barwon-Darling between Mungindi and Tilpa found that FPZ3
(Collarenebri to Brewarrina) had 2,632 pieces of woody debris, with a mean number of 32 snags/km
of river reach; FPZ4 (Brewarrina to Bourke) had 1,722 pieces of wood recorded at a mean loading of
60 snags/km (the highest snag loading recorded through this work), and; FPZ5 (Bourke to Tilpa) had
880 snags recorded, with a mean number of 25 snags/km (Boys, 2007; MDBA, 2012; NSW DPI, 2013a).
Some major differences are noted when comparing results from the two studies, including Bourke to
Tilpa having the greatest number of snags recorded under the current project, but the lowest number
recorded by Boys (2007), whilst FPZ4 had the highest snag loading of reaches surveyed by Boys (2007),
but had a similar average loading to the upstream reaches (Walgett to Brewarrina) and downstream
reaches (Bourke to Tilpa) as part of the current project. These differences relate to different
methodologies adopted by the two projects, with mapping by Boys using three randomly selected 10
km reaches within each zone, while mapping of snags under the Fish and Flows in the Northern Basin
project surveyed all in-channel snags throughout each FPZ (Boys and Thoms, 2006; Boys, 2007) and
therefore is a more comprehensive and current assessment of woody habitat. Habitat information
regarding snags in the Tilpa to Wilcannia reach generated through the Fish and Flows in the Northern
Basin project represent significant new information as reaches downstream of Tilpa were not
surveyed by Boys (2007).
Benches
Benches are identified as areas of relatively flat sections within the main channel that play an
important function in the aquatic environment by enhancing the diversity of habitat and contributing
to productivity processes. They are an actively accreting fine-grained, bank attached feature within
the river channel that influence flow and provide variation in water depth (Vietz et al. in press).
Benches also store carbon, releasing it for sequestration to other parts of the aquatic ecosystem when
inundation occurs, playing an important role in primary production and condition aspects for aquatic
biota.
In the reach of the Barwon-Darling River assessed during the project, 745 benches were recorded
that provided a total area of 111 Ha (Figure 16). The methodology used to identify benches is limited
to those that could be observed from the boat, and as a result not all high level benches will have
been identified. It is anticipated that analysis of these benches will be possible using the digital
elevation models and floodplain inundation models that are being developed as part of other
Northern Basin Review projects for the MDBA’s Northern Basin Review.
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Figure 16: Breakdown of total number and area of benches recorded in each FPZ of the BarwonDarling River between Walgett and Wilcannia.
FPZ6 between Tilpa and Wilcannia on the Darling River had the greatest number of benches overall,
with 272 individual benches recorded, whilst FPZ4 between Brewarrina and Bourke on the Barwon
River had the lowest total number of benches, with only 104 sites recorded (Figure 16). There is a
noticeable increase in the number of benches moving down the system from Brewarrina (FPZ4 to
FPZ6), with both FPZ4 (Brewarrina to Bourke) and FPZ5 (Bourke to Tilpa) having a lower number of
benches than the upper reach of the Barwon River between Walgett and Brewarrina (FPZ3), which
had 219 sites recorded (Figure 16).
The total habitat area provided by benches also generally increased moving down the system.
Walgett to Brewarrina had the lowest total area of approximately 10 Ha even though this zone had
the second greatest number of individual benches, whilst the lower zone of Tilpa to Wilcannia had
the greatest total area of benches, with approximately 65 Ha of bench habitat recorded (Figure 16).
Previous mapping of benches in the Barwon-Darling by Southwell (2008) identified 148 bench surfaces
in a 15 km reach upstream of Walgett, which had a combined surface area of 484 Ha at an average of
3 Ha/bench (Southwell, 2008; MDBA, 2012a). A reach downstream of Bourke contained a slightly
lower number of surfaces (107), with a total area of 311 Ha at an average of 2.9 Ha/surface (Southwell,
2008; MDBA, 2012a).
Differences in methodology limit the capacity to compare results from this earlier mapping and the
current project. It is likely that the smaller number and area of benches mapped in the current project
is due to the mapping methodology and the fact that some of the higher benches will not have been
included. The benches that this project has mapped are the ones located lower in the channel that are
more frequently inundated by in-channel pulses. It is these benches that are the target for setting
environmental water requirements for this project, with additional information collected as part of
the Northern Basin Review possibly able to add information about the higher level benches for the
Barwon-Darling system. Mapping of benches in the Barwon-Darling, particularly for areas downstream
of Bourke, represents significant new information produced by the Fish and Flows in the Northern
Basin project.
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Refuge pools
Many kinds of refugia are present in river systems and can be defined at different scales (Sedell et al.
1990; Robson et al. 2008; McNeil et al. 2013a). Refuges play an important but varying role for native
fish species under different disturbances (Robson et al. 2008). Aquatic habitat that persists during the
course of no flow and drought periods is critical for the survival of native fish, protecting organisms
from the impact of drought disturbance (McNeil et al. 2013a). The primary drought refuge type
present in the arid river systems of the Murray-Darling Basin are refuge pools. Refuge pools are critical
to the survival of riverine fish species during droughts when other channel scale habitats dry and leave
only the deeper retentive pools and those that receive groundwater replenishment (Lake, 2011;
McNeil, 2013a). Fish can naturally recolonize when flow returns to a system and the habitat between
refuge pools is inundated (Sedell et al. 1990).
Some fish species have adapted to move to refuge pools with the onset of drought and have formed
traits that allow them to survive the deteriorating conditions in these environments (Lake, 2003).
Larger and deeper pools appear to make better refuges as they can contain more diverse habitat, and
they tend to persist during prolonged droughts (Magalhaes et al. 2002; Magoulick and Kobza, 2003).
The number, size, depth and interconnectedness of refuge pools impact on the resilience of fish
populations in arid river systems (Taylor, 1997; Crook et al. 2010; Lake, 2011; McNeil et al. 2013b).
For the Fish and Flows in the Northern Basin project, refuge pools were identified as areas of water
that were greater than 3.5 metres deep during low flow conditions. Refuge sites were recorded in the
field by observing the sonar unit and recording the location and depth. This was then verified using
the GIS, flow data and sonar records to check the bed depth up and downstream of a potential site.
This process removed any errors that were encountered from the increased depth during high flow
periods, allowing the variable flow conditions encountered during assessment to be considered in the
refuge identification process. Refuge pool data was analysed for the study area, comparing the
number, surface area and depths between the FPZs (Table 12).
Table 12: Breakdown of total number of refuge pools recorded in each FPZ of the Barwon-Darling
River between Walgett and Wilcannia, highlighting the total surface area of refuges, and the mean
depth in each FPZ.
FPZ
FPZ3
FPZ4
FPZ5
FPZ6

Total number
297
216
374
182

Total surface area (Ha)
51.47
55.86
156.55
65.06

Mean depth (m)
5.13
4.53
4.67
4.46

The data recorded during the project demonstrates that the availability of significant refuge areas was
highly variable throughout the project area (Table 12). Refuge holes appeared to be strongly
correlated with sinuosity of the river, as tight bends generally had an associated refuge hole, whilst
linkages can also be made between refuge hole depth and the distribution of snags along the reach.
FPZ5 between Bourke and Tilpa on the Darling River, which had the greatest number of snags in the
project area, had the greatest number of refuge pools overall, with 374 individual sites recorded, and
also possessed the greatest total surface area and total depth Table 12). The number of refuge pools
decreased below Tilpa, with FPZ6 possessing the lowest number of refuges across the study reach,
with only 182 sites recorded (Table 12). The Barwon River between Walgett and Brewarrina (FPZ3)
also contained a large number refuge pools, with 297 sites recorded that contributed to the largest
mean depth across the Barwon-Darling of 5.13 metres; however these were relatively small pools,
with the zone containing the lowest total surface area for the reach of 51.47 Ha (Table 12).
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6.1.3 Flow relationship results
Snags
The inundation height for snags recorded in the Barwon-Darling as part of the Fish and Flows in the
Northern Basin project were compared against flow data to determine the flow (ML/day) required to
inundate pieces of woody debris (Figure 17). For this analysis, snags located within weir pools of each
FPZ were removed from the dataset to reduce the influence of persistent elevated water levels in
these areas on the conversion of height to flow. As a result, flow relationship analysis was conducted
on 7,941 snags in FPZ3 (63% of total snags recorded in FPZ), 4,947 snags in FPZ4 (53% of total snags
recorded in FPZ), 9,371 snags in FPZ5 (59% of total snags recorded in FPZ), and 6,834 snags in FPZ6
(65% of total snags recorded in FPZ).
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Figure 17: Cumulative inundation frequency curves for snags recorded in each FPZ assessed during the Fish and Flows in the Northern Basin project, showing
the relationship between inundation of snags and flow. Flow components identified within each FPZ are represented by boxes moving left to right: small
pulse, large pulse and bankfull.
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Within FPZ3 between Walgett and Brewarrina on the Barwon River approximately 70% of snags are
inundated by small pulses (up to 8,000 ML/day at Walgett) (Figure 17). Across all Barwon-Darling
system FPZs this is highest proportion of snags inundated by small pulses. Additionally, all snags in this
zone would be inundated by large pulse events (8,000 ML/day to 20,000 ML/day). Based on earlier
hydrological analysis, river regulation within the Barwon-Darling valley has reduced the frequency,
mean volume and duration of small and large pulse flow events at the top end of the Barwon-Darling
system (Table 10; Figure 9).
Within FPZ4 between Brewarrina and Bourke bankfull events (up to 21,000 ML/day) are required to
inundate 100% of snags (Figure 17). A small pulse event (up to 6,000 ML/day) would inundate the
greatest proportion of snags in the zone, with approximately 47% of snags inundated (Figure 17).
Large pulse events (6,000 ML/day to 15,000 ML/day) and bankfull events (15,000 ML/day to
21,000 ML/day) would inundate an additional 42% and 11% of snags respectively (Figure 17). Small
and large pulse events have decreased in number, duration and average volume under baseline
conditions, potentially reducing their usefulness in providing sustained inundation of snags for
breeding and recruitment of in-channel specialists such as Murray Cod.
For FPZ5, nearly 40% of the snags in this reach between Bourke and Tilpa would be inundated by small
pulses (up to 6,000 ML/day) (Figure 17). An additional 32% and 29% of snags would be inundated by
large pulses (6,000 ML/day to 15,000 ML/day) and bankfull events (15,000 ML/day to 21,000 ML/day)
respectively (Figure 17). Similar to other zones, FPZ5 has seen comparatively greater loss of flows in
the small and large pulse volumes, with losses also seen in small to large overbank events.
For FPZ6 between Tilpa and Wilcannia, 28% of the snags are inundated during small pulse events (up
to 6,000 ML/day); however large pulses (6,000 ML/day to 15,000 ML/day) are required to inundate
approximately 57% of snags (Figure 17). Inundation of all snags requires bankfull events (up to
21,000 ML/day), where an additional 43% of snags would become available (Figure 17). Similar trends
in the impact of river regulation on these flow components and snag inundation are seen in this zone
as for others, particularly for large pulses, which under without development conditions were
exceeded 75 – 125 days a year, but are currently only exceeded 30 – 75 a year.
Benches
The inundation height for benches recorded in the Barwon-Darling as part of the Fish and Flows in the
Northern Basin project were compared against flow data to determine the flow (ML/day) required to
inundate individual sites (Figure 18). For this analysis, benches located within weir pools of each FPZ
were removed from the dataset to reduce the influence of persistent elevated water levels in these
areas on the conversion of height to flow. As a result, flow relationship analysis was conducted on 206
benches in FPZ3 (94% of total benches recorded in FPZ), 57 benches in FPZ4 (55% of total benches
recorded in FPZ), 101 benches in FPZ5 (67% of total benches recorded in FPZ), and 244 benches in
FPZ6 (90% of total benches recorded in FPZ).
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Figure 18: Cumulative inundation frequency curves for benches recorded in each FPZ assessed during the Fish and Flows in the Northern Basin project, showing
the relationship between inundation of benches and flow. Flow components identified within each FPZ are represented by boxes moving left to right: small
pulse, large pulse and bankfull.
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For FPZ3, 97% of all benches recorded in this reach between Walgett and Brewarrina would be
inundated by small pulse (up to 8,000 ML/day), with the additional 3% inundated during large pulses
(up to 18,000 ML/day) (Figure 18). Based on earlier hydrological analysis, river regulation within the
Barwon-Darling valley has reduced the mean volume and duration of these small pulse flow events at
Walgett, influencing the amount of time these features would be available (Table 10; Figure 9).
Within FPZ4 between Brewarrina and Bourke, small pulses (up to 6,000 ML/day) inundate the greatest
proportion of benches in the zone; approximately 75% of benches (Figure 18). Large pulses (up to
10,000 ML/day) inundate the remaining 25% of benches (Figure 18). Small and large pulse events have
decreased in number, duration and average volume under current conditions (Table 10; Figure 9).
Similarly, for FPZ5 between Bourke and Tilpa small pulses (up to 6,000 ML/day) inundate 77% of snags,
with the remaining 23% of benches inundated by larger pulses (Figure 18). Similar to other zones, FPZ5
has seen comparatively greater loss of flows in the small and large pulse volumes, with losses also
seen in small to large overbank events (Figure 9).
For FPZ6 between Tilpa and Wilcannia, almost all of the benches in the zone become inundated during
pulse events, with small pulses (up to 6,000 ML/day) inundating 90% of benches (Figure 18). Based on
modelled seasonal flows, the influence of river regulation on seasonal peaks results in a 6% reduction
of benches inundated during both summer and late winter/spring events under current conditions
(Figure 9; Figure 18).
6.2 Fish community condition
In addition to the overall condition of the fish community for the Barwon-Darling (Section 4.3), further
analysis was conducted on the fish community within each FPZ, focussing on the reach scale fish
community status, modelled threatened species distribution, identification of the recorded dominant
species for each reach (based on outcomes from Sustainable Rivers Audit (SRA) protocol standardised
catch per unit effort (CPUE) for native fish within the Basin over the last 6 year period), and the
identification of Carp hotspots.
FPZ3 Walgett to Brewarrina:
The fish community for the mainstem Barwon River of this zone has been identified as being in
moderate condition, with some tributaries and anabranches including the Great Warrambool being in
good condition, whilst other downstream tributary systems such as Marra Creek and Caro Creek are
in poor condition (Figure 8). The Barwon River between Walgett and Brewarrina has also been
identified as including a number of Carp hotspots, including along the mainstem (Figure 19).
Information from standardised SRA CPUE data indicates that the fish community of FPZ3 consists of
Bony Bream, Carp Gudgeon, Golden Perch, Murray-Darling Rainbowfish, Spangled Perch, and Silver
Perch, being dominated by Bony Bream, Spangled Perch and Golden Perch (Figure 19). Additionally,
Murray Cod have also been recorded in the upstream reaches of the zone to Collarenebri.

61

Figure 19: Fish community status for FPZ3 (Walgett to Brewarrina), including distribution of NSW listed threatened species, top three native species by CPUE
for monitoring sites in the zone, and carp hotspots (NSW DPI, 2015; NSW DPI, unpublished data; Gilligan, in press).
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Bony Bream is the most abundant native species driving the fish community for most sampling sites
in the zone based on CPUE data, whilst Spangled Perch is the second most abundant native species
for six of the sampling sites and Golden Perch is the most abundant species at one site (Wombat Creek)
and second most abundant species for another Wombat Creek site and Wanourie Creek (Figure 19).
The fish assemblage appears to change slightly in downstream parts of the zone, with Carp Gudgeon
species being the third most abundant species in Cato Creek, and Murray-Darling Rainbowfish the
third most abundant species at a site upstream of Brewarrina (Figure 19). Three listed threatened
species (Silver Perch, Olive Perchlet and Freshwater Catfish) are expected to occur in the zone, with
both Silver Perch and Olive Perchlet expected to occur throughout the mainstem Barwon and
tributaries, except the Great Warrambool (Figure 19). Freshwater Catfish is expected to occur in a
small stretch of the mainstem Barwon River just downstream of Walgett (Figure 19).
Previous analysis of the fish assemblage for this zone (Collarenebri to Brewarrina) suggested that the
fish community was ‘characterised by a lower abundance of native species (Bony Bream, Golden Perch
and Murray Cod) and a higher abundance of alien species including Common Carp and Goldfish, based
potentially on a lower abundance of meso-scale habitat such as large woody debris (Boys and Thoms,
2006). In addition, the barrier to fish passage previously posed by Brewarrina Weir, which has now
been addressed through fish passage works completed in 2013, may have prevented re-colonisation
of the reach by downstream fish populations (Boys and Thoms, 2006; Boys et al. 2013). Despite fish
passage being remediated at Brewarrina Weir, additional major barriers remain along the Barwon
River in FPZ3, including at Walgett (Weir 11A), which would also influence the fish community
composition in the reach. Proximity of this zone to known Carp hotspots in the Namoi and Macquarie
Rivers may also account for higher Carp numbers and lower native fish abundance (Boys and Thoms,
2006).
FPZ 4 Brewarrina to Bourke:
The overall fish community status for the reach between Brewarrina and Bourke has been identified
as being moderate (Figure 8). Information from standardised SRA CPUE data indicates that the fish
community of FPZ4 is dominated by Bony Bream, Spangled Perch and Golden Perch (Figure 20).
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Figure 20: Fish community status for FPZ4 (Brewarrina to Bourke), including distribution of NSW listed threatened species, top three native species by CPUE
for monitoring sites in the zone, and carp hotspots (NSW DPI, 2015; NSW DPI, unpublished data; Gilligan, in press).
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Bony Bream is identified as the most abundant native species (based on CPUE) for all sampling sites
in this zone (Figure 20). Golden Perch are the second most abundant species throughout this reach,
except for a small section of river downstream of the Culgoa River junction, where Spangled Perch is
more dominant than Golden Perch (Figure 20). Murray Cod also have a presence in the main stem
Barwon-Darling River system in this area, with the third highest abundance for three sites upstream
of the Bogan River junction (Figure 20).
Two threatened species (Silver Perch and Olive Perchlet) are predicted to occur in this zone (Figure
20). Silver Perch is expected along the mainstem Barwon-Darling, Cato Creek, Bogan River and
tributaries including Kellys Cowal, Finneys Cowal and Tarrion Creek, but not the Culgoa and Birrie
Rivers or Ledknapper Creek (Figure 20). Olive Perchlet is expected to occur throughout the system,
and is also recorded as being the third most abundant species for one mainstem Barwon River site just
upstream of Bourke (Figure 20). Whilst it has been suggested that Olive Perchlet recorded in this zone
may have been washed downstream from a population in a Northern tributary, such as the Macintyre
(Boys et al. 2013), it is expected that habitat conditions in this reach of the Barwon-Darling River would
support a viable population of Olive Perchlet.
Previous analysis of the fish community in this zone also suggested that it was distinct from Zone 3
(Walgett to Brewarrina), including greater abundances of Bony Bream and Golden Perch, whilst Carp
numbers were similar between the two zones (Boys and Thoms, 2006). Other species expected or
recorded in the Brewarrina to Bourke zone based on previous analysis include:







Australian Smelt (common and widespread)
Murray-Darling Rainbowfish (common, more likely in upper reaches)
Unspecked Hardyhead (Rare, isolated and patchy distribution upstream of Bourke)
Freshwater Catfish (likely, patchy distribution)
Carp Gudgeon species (common and widespread)
Murray Cod (common and widespread during previous monitoring, but significantly impacted
from 2011 black water event in the system)
 Gambusia (introduced – common and widespread)
 Goldfish (introduced – common and widespread)
 Hyrtl’s Tandan (considered a rare or vagrant species, likely to have been washed down from
southern Queensland during flood events) (Boys et al. 2013).
The composition of the fish community in the Barwon-Darling River between Brewarrina and Bourke
is likely to be strongly influenced by connectivity of the reach to major tributaries such as the Bogan
and Culgoa Rivers. Longitudinal connectivity to lower reaches of the Darling River would also be
important for fish of the reach; however this is affected by the presence of Bourke Weir, a major
structure that disconnects the system during flows below approximately 10,000 ML/day at Bourke.
FPZ5 Bourke to Tilpa:
The overall fish community for the reach between Bourke and Tilpa has been identified as being in
moderate condition based on the NSW Fish Community Status mapping (Figure 8). Information from
standardised SRA CPUE data indicates that the fish community of FPZ5 is dominated by Bony Bream,
Spangled Perch and Golden Perch, with Hyrtl’s Tandan also contributing to the community and
Murray-Darling Rainbowfish also recorded (Figure 21).
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Figure 21: Fish community status for FPZ5 (Bourke to Tilpa), including distribution of NSW listed threatened species, top three native species by CPUE for
monitoring sites in the zone, and carp hotspots (NSW DPI, 2015; NSW DPI, unpublished data; Gilligan, in press).
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Information for dominant species for this zone is based largely on monitoring results from tributary
sites that contribute to the Barwon-Darling River, namely on the Warrego River, with limited sampling
sites contained in this zone compared to upstream reaches Figure 21). Native fish community
condition in FPZ5 appears to be driven by Bony Bream, being the most abundant species at three of
the four sampling sites (Figure 21). However, both Golden Perch and Spangled Perch also contribute
significantly to the community based on the outcomes from standardised CPUE data for the reach,
whilst Hyrtl’s Tandan is also recognised as contributing to the fish community of the zone (Figure 21).
Three NSW-listed threatened species are also expected to occur in this zone, including Silver Perch,
Olive Perchlet, and Freshwater Catfish (Figure 21). Silver Perch and Olive Perchlet are expected to
occur throughout much of the mainstem Darling River in this zone, as well as Talyawalka Creek, with
Silver Perch also expected to occur in the lower Warrego (Figure 21). Freshwater Catfish is expected
to occur in a small stretch of the Darling River near Tilpa (Figure 21). Unlike upstream zones along the
Barwon-Darling River, no Carp hotspots have been identified for the Bourke to Tilpa stretch.
Results of NSW DPI community mapping is consistent with previous fish monitoring in the area,
demonstrating a highly variable assemblage, including greater species richness in downstream
reaches, with species such as Freshwater Catfish, Silver Perch and Gudgeon recorded (Boys and
Thoms, 2006). Upper parts of this zone also display similarities for the assemblage in the BrewarrinaBourke zone (Boys and Thoms, 2006). The variable fish community of this reach would be affected by
the presence of major instream barriers along this section of the Darling River, with five major weir
structures disconnecting the system during flows below approximately 10,000 ML/day at Bourke.
There is relatively limited monitoring information from the lower parts of this zone, including the
ecological significance of the fish community in the Talyawalka Creek area. Further supporting
information on fish species present would be helpful to inform development of detailed EWRs for the
area, including a detailed fish study that identifies the importance of the area to native fish, in
particular for threatened species in the area, either as habitat, breeding or nursery grounds.
FPZ6 Tilpa to Wilcannia:
The overall fish community status for the reach between Tilpa and Wilcannia has been identified as
generally being in moderate condition; however parts of the Talyawalka Creek system and the Paroo
River appear to be in good condition (Figure 8). Limited sampling has been conducted in this zone,
providing a reduced amount of information to describe the fish community for this stretch of the
Barwon-Darling River compared to upstream reaches. However, based on information from
standardised SRA CPUE data, the fish community of FPZ6 is similar to upstream zones, driven by Bony
Bream, Spangled Perch and Golden Perch (Figure 22).
Both Olive Perchlet and Silver Perch are also predicted to occur in most waterways in this zone,
including anabranch systems (Figure 22). Based on information from the monitoring site within the
zone, the reach of the Darling River has also been identified as a Carp hotspot (Figure 22). Further
supporting information on fish species present would be helpful to inform development of detailed
EWRs for the area, including a detailed fish study that identifies the importance of the area to native
fish, including a detailed fish study that identifies the importance of the area to native fish, in particular
for threatened species in the area, either as habitat, breeding or nursery grounds.
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Figure 22: Fish community status for FPZ6 (Tilpa to Wilcannia), including distribution of NSW listed threatened species, top three native species by CPUE for
monitoring sites in the zone, and carp hotspots (NSW DPI, 2015; NSW DPI, unpublished data; Gilligan, in press).
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6.3 Fish implications from aquatic values in the Barwon-Darling
From this analysis, it can be seen that in general, there is variability in habitat condition and
availability. There are also similarities in fish communities within and between the different FPZs
within the Barwon-Darling considered as part of Stage 3 of the Fish and Flows in the Northern Basin
project (Walgett to Wilcannia).
The average number of snags recorded during the project was consistent for the upper zones of the
project reach, with approximately 45 snags/km captured for zones between Walgett and Tilpa.
However, there was a noticeable reduction in the average number of snags in the lower zone of the
system, with only 38 snags/km recorded between Tilpa and Wilcannia. The availability of snags under
different in-channel flow components did vary considerably between zones; however small in-channel
pulse events (defined as meeting a 6,000 ML/day threshold) provided the greatest proportion of snag
inundation for most zones, including 59% for FPZ3 (Walgett to Brewarrina) and 47% for FPZ4
(Brewarrina to Bourke).
Similarly, small pulse events provided the greatest inundation for bench habitat in all zones,
inundating over 75% of this important habitat component in all reaches. Converse to the distribution
of snags, the most downstream zone between Tilpa and Wilcannia possessed the greatest number of
benches and the greatest area of available bench habitat. However, this zone again had the lowest
number of refuge pools recorded during the project, whilst FPZ5 between Bourke and Tilpa had the
greatest number of refuges available for fish species.
Bony Bream appear to be the most abundant native species in most zones based on standardised
CPUE data, with Spangled Perch and Golden Perch also featuring in the ‘top three’ native species for
most zones. In addition to these dominant native species, up to three NSW listed threatened species
are also expected to occur in the reach of the Barwon-Darling River between Walgett and Wilcannia,
with Silver Perch and Olive Perchlet expected to occur in all zones, whilst Freshwater Catfish are
expected to occur in two of the zones identified (FPZ3 and FPZ5).
Other species are known to occur in this reach of the Barwon-Darling, including Carp Gudgeon,
Murray-Darling Rainbowfish (dominant in lower end of FPZ3 Walgett to Brewarrina), Murray Cod
(dominant in FPZ4, Brewarrina to Bourke, near Barwon-Darling junction), and Hyrtl’s Tandan
(dominant in FPZ5, Bourke to Tilpa). The community composition of this reach of the Barwon-Darling
appears to be strongly influenced by a range of factors, including the presence of major instream
structures that disconnect the system and affect the movement, colonisation and habitat conditions
for native fish.
Bony Bream is considered as a Generalist under the Fish and Flows in the Northern Basin functional
guilds, and is likely to respond to most flow regimes and may be less useful in determining EWRs for
the Barwon-Darling. By contrast, Spangled Perch and Golden Perch, as well as the threatened Silver
Perch, are classified as Flow Dependent Specialists, with more specialised flow requirements that can
inform development of specific EWRs and tailored flow regimes (as outlined in Section 3).
For the Barwon-Darling overall, a flow regime that benefits Flow Dependent Specialists and provides
migration and spawning opportunities for Silver Perch, Golden Perch and Spangled Perch is likely to
promote greater environmental outcomes for the system. In particular, flows greater than
10,000 ML/day (gauged at Bourke) that provide connectivity across the system from Walgett to
Wilcannia, particularly during summer/autumn or late winter/spring, are likely to provide systemscale benefits for these species, and other native fishes of the Barwon-Darling.
Specifically, within FPZ3 (Walgett to Brewarrina) a flow regime that benefits Flow Dependent
Specialists (particularly Spangled Perch, Golden Perch and Silver Perch) is likely to support
environmental outcomes for the fish assemblage. Flows benefitting In-channel Specialists could also
support environmental outcomes for Freshwater Catfish, particularly near Walgett, and Murray Cod
(recorded in upper reaches of this zone). In-channel pulse events that would benefit both Flow
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Dependent Specialists and In-channel Specialists in this zone would also provide the greatest
availability of snag and bench habitat features, with small pulse events providing the greatest
inundation of in-channel habitat. Flows that benefit Floodplain Specialists, such as Olive Perchlet,
would also help meet fish requirements in this zone. These events would include overbank flows
between September and October with a flow peak of at least 10 days and gradual recession to the
event followed by a secondary peak event for lateral connection and dispersal weeks after the initial
peak. Given the number of Carp hotspots identified in this zone, careful consideration to timing of
watering and complementary actions to minimise Carp responses may be important when designing
watering regimes.
For FPZ4 (Brewarrina to Bourke), flow regimes that benefit Flow Dependent Specialists are also likely
to be important. Relative to FPZ3, flow regimes that benefit In-channel Specialists, specifically Murray
Cod, may also be beneficial to the fish assemblage in this zone. For example, a rise in flow between
the spawning season of mid-winter to spring, and the maintenance of this peak for a period greater
than 14 days for egg hatching is likely to be more important for this zone compared to FPZ3, given the
higher recorded abundances of Murray Cod in this part of the system. The provision of small inchannel pulses of up to 6,000 ML/day at Brewarrina for these species would inundate the greatest
proportion of instream habitat features, including 47% of snags and 75% of benches, and although
these attributes are the lowest totals for the study reach, they still provide an important function,
especially for In-channel Specialist species. The number of Carp hotspots identified for this reach also
means that complementary actions and risk mitigation measures may be needed in this zone when
designing a watering regime.
Whilst fish community information for FPZ5 (Bourke to Tilpa) and FPZ6 (Tilpa to Wilcannia) is limited,
flow regimes that benefit Flow Dependent Specialists are also likely to meet environmental
requirements for the fish assemblages in these zones. Large in-channel pulse events that would
benefit these species would also provide access to a significant proportion of habitat features in these
zones, including 71% and 57% of snags for FPZ5 and FPZ6 respectively. The expected occurrence of
Freshwater Catfish in downstream sections of FPZ5 means that flow requirements for In-channel
Specialists could also be considered as part of water management actions, including increased spring
flows, maintenance of flow peaks for a period greater than 14 days for optimal habitat inundation
during egg development and hatching, gradual event recession, and stable low flow periods. The small
in-channel pulse events that would contribute to these flow requirements would also provide access
to 39% of snags and 77% of benches in FPZ5. Given that Olive Perchlet is also expected to occur in
these zones, a flow regime that benefits Floodplain Specialists may also be important, with bankfull
and overbank flows inundating all of the in-channel habitat features of these zones, of which FPZ5 has
the greatest number of snags and FPZ6 has the greatest number of benches recorded.
7. Environmental water requirements for the Barwon-Darling
The analysis conducted on the Barwon-Darling reach between Walgett and Wilcannia as part of the
Fish and Flows in the Northern Basin project, focuses on the flow relationships of in-channel habitat
features and the fish communities of the reach, including the most abundant native species and
modelled threatened species distribution for the reach. This analysis allows the optimal flow
conditions and dominant native fish species to be identified, providing information that can be used
to develop EWRs for fish in the Barwon-Darling.
The proposed fish specific EWRs focus on in-channel flow requirements based on an understanding of
flow-ecology relationships for the Barwon-Darling and the impact of water resource development on
flows that are important for native fish outcomes in this system. The information collected as part of
this project has focussed on in-channel habitat features which allow specification of water
requirements for this part of the flow regime.
The EWRs are specified as site-specific flow indicators for representative sites in the Barwon-Darling
river system. Consistent with the MDBA approach used during the development of the Basin Plan, the
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site-specific flow indicators describe the desired flow event in terms of a threshold, duration, seasonal
window (timing) and frequency target (% of years).
From the assessment conducted as part of the Fish and Flows in the Northern Basin project, seven
site-specific flow indicators that seek to reinstate ecologically significant flows for native fish have
been proposed. The site-specific flow indicators represent in-channel EWRs for the priority reach of
the Barwon-Darling at three sites (Table 13). The site-specific flow indicators focus on enhancing
longitudinal connectivity, habitat availability, spawning and recruitment opportunities, and native fish
condition across the system (the rationale for each flow indicator is provided below).
The three key locations (Bourke, Louth and Wilcannia) have been selected based on being established
gauging stations for three FPZs at the lower end of the Barwon-Darling river system (Figure 6). The
FPZs subdivide the river into reaches with relatively uniform discharge and sediment regimes, defined
from major breaks in slope and styles of river channel and floodplain, with these attributes influencing
instream habitat and associated biological characteristics at finer scales (Boys et al. 2005).
The site-specific flow indicators at Bourke (representing the Brewarrina to Bourke FPZ) are also
intended to be representative of the wider Barwon-Darling river system on the basis that it is a key
location downstream of most major tributaries and diversions, and changes in flows at Bourke will
result in changes to the flow regime for a much broader reach both upstream and downstream. The
site-specific flow indicators at Louth and Wilcannia aim to complement rather than replicate the
requirements at Bourke and therefore should be considered in conjunction with the EWRs specified
for Bourke. For example, the Bourke flow indicators aim to achieve longitudinal connectivity for
movements and migrations, and spawning and recruitment opportunities (especially for the Flow
Dependent functional group). The Wilcannia flow indicators compliment these ecological objectives
through the specification of flows that would provide system length connectivity (i.e. this site is below
all major tributary inputs) and nutrient cycling and productivity requirements (as this FPZ has highest
proportion of benches).
These flow indicators were tested against without development and baseline hydrology modelling to
ensure the requirements are consistent with the natural hydrology of the system. The frequency
targets are expressed as a range and have been developed with reference to how often the desired
flow events occurred under without development conditions. In some instances where ecological
knowledge is less certain to define a frequency target, a range of 60 – 80% of the without development
conditions frequency was used as a guide to establish targets (Table 13: Proposed site specific flow
indicators for the Barwon-Darling River based on outcomes from the Fish and Flows in the Northern
Basin project and associated analysis of targets against without development and baseline conditions,
showing that the proposed targets are within expected without development frequencies and will
result in significant improvement son baseline conditions.). This approach is consistent with the
approach applied by the MDBA for the original EWRs for the Barwon-Darling river system where low
and high uncertainty frequency targets were set to recognise the degree of confidence in specifying a
desirable frequency (MDBA, 2012a). The rationale for using 60 – 80% of without development
frequency as a target frequency range is also documented within the Barwon-Darling EWR report
(MDBA, 2012a).
The implementation of these EWRs would achieve significant native fish outcomes, especially for the
dominant species of the fish community and fish with specific life-cycle requirements for flow events,
including Flow Dependent Specialists and In-channel Specialists, by providing improved spawning and
recruitment opportunities. The EWRs would also enhance the maintenance and condition of all the
native fish functional groups.
In addition to the in-channel outcomes, significant native fish responses would also be expected from
overbank flows. As such, the requirements of the Floodplain Specialists should be taken into
consideration when determining EWRs for floodplain environmental outcomes at a later stage of the
Northern Basin Review (such as when the floodplain inundation information and vegetation
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distribution data becomes available).
7.1 Flow indicators for the Barwon-Darling River at Bourke
Ecological objective
To improve the inundation and availability of key habitat features along the Barwon-Darling River,
particularly for large woody debris.
To improve the longitudinal connectivity along the Barwon-Darling River, enhancing upstream and
downstream migration and movement opportunities for native fish.
Providing flow regimes that enhance spawning and recruitment opportunities for Flow Dependent
Specialist native fish species.
Environmental Water Requirement
Minimum of 1 flow event of 6,000 ML/day for a minimum of 14 consecutive days from July to June for
80% of years (high and low uncertainty).
Minimum of 1 flow event of 10,000 ML/day for a minimum of 14 consecutive days from August to
May for 60% (high uncertainty) to 80% (low uncertainty) of years.
Minimum of 2 flow events of 10,000 ML/day for 20 consecutive days from August to May, with a
minimum peak event of 15,000 ML/day for five days incorporated, for 25% (high uncertainty) to 34%
(low uncertainty) of years.
Rationale
Small in-channel pulse events, defined as meeting a threshold of 6,000 ML/day would provide benefits
for all functional groups of fish through improved habitat availability. Flows of 6,000 ML/day inundate
a significant proportion of snags and benches between Brewarrina and Bourke (FPZ4), with 47% of the
snags and 76% of the mapped benches outside the weir pool inundated. The event would also
inundate 59% of snags and 88% of mapped benches outside the weir pool between Walgett to
Brewarrina (FPZ3).
The availability of these core habitat features provided by this small pulse event in 8 years out of 10
years on average would provide regular maintenance and condition opportunities for all fish
communities, as well as allow regular opportunities for short to moderate migrations in the system
through improved longitudinal connectivity between Walgett and Bourke. The frequency is especially
important for short-lived fish as they need regular pulses to complete important life-cycle stages. The
enhanced access to large woody debris would also provide significant benefit to In-channel Specialists
such as Murray Cod, who have a strong association with woody habitat. The minimum duration of 14
days is linked to the natural hydrology and the hatch time for Murray Cod eggs. The main outcome for
the 6,000 ML/day event is regular habitat access and movement opportunities, and it is therefore
considered appropriate for the event to occur any time in the year.
Larger flows with a minimum threshold 10,000 ML/day would provide aquatic connectivity for around
1,100 km along the Barwon-Darling River between Walgett and Menindee. The single 10,000 ML/day
short duration (min 14 days) flow indicator is intended to provide improved movement outcomes for
all functional groups of fish in the Barwon-Darling. The average occurrence of 6 to 8 years out of 10
years would allow for improved distribution and mixing of populations and is consistent with the
natural hydrology of the system. In particular, the requirements proposed are anticipated to
significantly benefit Flow Dependent Specialists (Spangled Perch, Golden Perch, Silver Perch and
Hyrtl’s Tandan) and In-channel Flow Dependent Specialists (Murray Cod).
Golden Perch are known to migrate up to 2,000 km upstream and downstream in a system both as
juveniles and adults (Reynolds, 1983; Hutchison et al. 2008). Some studies suggest that these long
distance migrations generally occur in spring and summer (O’Connor et al. 2004; O’Connor et al. 2005;
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Hutchison et al. 2008). Migration of juvenile and sub-adult Golden Perch in the Northern Basin also
occurs in autumn, possibly to enable dispersal to refugia prior to the winter and early spring dry season
(Hutchison et al. 2008). Within the Barwon-Darling, Golden Perch have been identified as the most
mobile native species, undertaking large upstream migrations including into other Northern systems
such as the Condamine-Balonne and Macintyre when passage is enhanced and on the back of higher
flows (Boys et al. 2013).
The threatened Silver Perch, expected to occur throughout much of the Barwon-Darling, is also highly
migratory and large-scale migrations are considered part of their spawning strategy (Cadwallader,
1977; Reynolds, 1983; Mallen-Cooper et al. 1995). While there is limited information available on
migratory movements of Silver Perch in the Barwon-Darling, research in other Murray-Darling Basin
catchments suggests both adults and juveniles migrate (primarily upstream) in spring through to
autumn, with some individuals travelling up to 570 km (Reynolds, 1983; Mallen-Cooper et al. 1995).
River regulation, including loss of smaller floods and freshes and barriers to fish passage represent a
significant threat to Silver Perch lifecycles, including triggers for spawning and recruitment and the
drift of larvae and eggs (Australian Government Department of Environment, 2013; King et al. 2008).
The management of flow that provides uninterrupted connectivity for long stretches in the BarwonDarling is expected to lead to improved environmental outcomes for this threatened species.
Other Flow Dependent Specialists, including Spangled Perch and Hyrtl’s Tandan would also be
expected to demonstrate migration and movement outcomes. Spangled Perch is known to be capable
of rapid and widespread upstream, downstream and lateral movements, being characterised as an
‘extreme dispersing species’ capable of moving over 300 km following the opening of dispersal
pathways (Kerezsy et al. 2013; Ellis et al. 2015). Both Spangled Perch and Hyrtl’s Tandan display peak
movement during spring, with adults often moving upstream and juveniles’ downstream (Hutchison
et al. 2008). While there is limited knowledge on Hyrtl’s Tandan in the Murray-Darling Basin, the
species is known to migrate as part of its breeding cycle (Balcombe and Arthington, 2009; Kereszy et
al. 2011).
The level of connectivity provided by a 10,000 ML/day event would also promote large scale
movement outcomes for In-channel Flow Dependent specialists (Murray Cod in the Barwon-Darling).
Murray Cod is known to undertake upstream migrations of up to 120 km in order to breed, generally
in late winter/early spring, with downstream return migrations to preferred habitat sites after
spawning (Lintermans, 2007; Butler, 2015; pers. comm). The species also exhibits downstream larval
drift, and may also move upstream to maximise distribution, seek habitat or reduce competition
(Nichols et al. 2012). Murray Cod in the Barwon-Darling are highly migratory, primarily undertaking
upstream migrations and into other Northern systems such as the Macintyre following significant
flooding (Boys et al. 2013).
In addition to large-scale migration opportunities within the Barwon-Darling, flows of 10,000 ML/day
would also drown out the in-stream barrier structures between Walgett and Wilcannia. This provides
opportunities for native fish with meso-scale and micro-scale movement needs to move between
previously disconnected reaches, providing longitudinal connectivity within and between zones to
features such as refuge pools and habitat. Freshwater Catfish (upstream of Tilpa) could potentially
move upstream or downstream to colonise new habitat generally disconnected by weirs at Tilpa or
Louth, whilst Olive Perchlet, identified as expected in most zones of the Barwon-Darling, also
demonstrates meso-scale movements and is recorded as moving on large flood events from Northern
tributaries (Hutchison, 2008; Boys et al. 2013). Flows of 10,000 ML/day gauged at Bourke could allow
these threatened species to disperse and colonise new suitable habitat generally disconnected by
weirs and other barriers to fish passage.
The provision of 10,000 ML/day flows would also improve access to aquatic habitat for all native fish
species, including Murray Cod and Golden Perch, inundating around 68-90% of snags on the BarwonDarling River between Brewarrina and Bourke, which is particularly important for Murray Cod and
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Golden Perch during spawning periods. These flows would also provide productivity, maintenance and
condition benefits to native fish through the inundation of approximately 96% to 99% of the mapped
benches outside the weir pools between Brewarrina and Bourke.
The longer duration 10,000 ML/day flow indicator (minimum of 20 day) would provide conditions for
habitat access and successful spawning and recruitment for the Flow Dependent Specialists and Inchannel Specialists. While the event also provides the same level of longitudinal connectivity, the two
peaks in the seasonal window and the longer duration specifically targets successful spawning and
recruitment outcomes. Recruitment of larvae and juveniles is enhanced by the secondary peak event
as it provides for dispersal, and access to habitat and suitable prey. A minimum of 20 days is
considered appropriate to ensure there is sufficient time for In-channel Specialists (such Murray Cod)
to select a nest, spawn adhesive eggs onto submerged logs, and allow time for the eggs to develop
and the larvae to disperse.
The addition of the 15,000 ML/day peak for a minimum of five days is targeted at promoting spawning
and recruitment outcomes for Flow Dependent Specialists, especially Golden Perch and Silver Perch,
which are known to spawn in response to flow pulses in combination with a rise in temperature (Lake,
1967; Harris and Gehrke, 1994; Sharpe, 2011). While less is known about spawning requirements for
Hyrtl’s Tandan, it is also likely to spawn in response to rising water levels and temperature (Lintermans,
2007). The preference is to have spawning and recruitment events two to three times per decade for
Flood Dependent Specialists, and twice per decade for In-channel Specialists. As such, the occurrence
of this event three times a decade on average would provide sufficient opportunities for spawning
and recruitment of these functional groups. The target frequency is set at 60-80% of without
development which results in a target frequency that encapsulates the average 3 years in 10 years
requirement.
The proposed timing for both 10,000 ML/day flow indicators is August to May (i.e. does not include
the two coldest month of the year when fish responses would be reduced). The proposed timing is
consistent with existing knowledge of spawning and recruitment requirements for Murray Cod (late
winter/spring and early summer) and the other native fish species in the Northern Basin. The timing
has not been constrained to the spawning season, however, the hydrology of the system means that
the high flow season occurs during the spawning season and the events that fall outside this season
will remain important for processes such as fish conditioning, primary productivity, and movement.
7.2 Flow indicators for the Darling River at Louth
Ecological objective
To improve the inundation and availability of key habitat features along the Barwon-Darling River,
particularly for large woody debris, providing flow regimes that enhance spawning and recruitment
opportunities for In-channel Specialist native fish species.
To improve the longitudinal connectivity along the Barwon-Darling River, enhancing upstream and
downstream migration and movement opportunities for native fish.
Environmental Water Requirement
Minimum of 1 flow event of 6,000 ML/day for 20 consecutive days from August to May for 70% of
years (low and high uncertainty).
Minimum of 1 flow event of 21,000 ML/day for 20 consecutive days from August to May for 40% of
years (low and high uncertainty).
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Rationale
Both the 6,000 ML/day and 21,000 ML/day flow indicators would provide benefits for all functional
groups of fish in the Barwon-Darling, through improved habitat availability. In particular, the
requirements proposed would provide significant benefit to In-channel Specialists such as Murray Cod
through enhanced access to core aquatic habitat, especially between Brewarrina to Tilpa where
Murray Cod is known to be prevalent and/or there is a strong loading of woody debris, including more
complex snags. The small in-channel pulse flow of 6,000 ML/day would inundate approximately 47%
of snags on the Barwon-Darling River between Brewarrina and Bourke, and 39% of snags on the
Darling River between Bourke and Tilpa. The large in-channel pulse/bankfull flow of 21,000 ML/day
would inundate approximately 99% of snags between Brewarrina and Bourke, and around 95% of
snags between Bourke and Tilpa. All these figures are for snags outside the weir pools.
Murray Cod is known to associate strongly with woody habitat in the Barwon-Darling (Boys and
Thoms, 2006; Boys, 2007; Boys et al. 2013). Recent research elsewhere in the Basin supports a strong
association of Murray Cod and complex woody habitat, along with deeper habitats further from banks
and with higher water velocities between 0.3 and 0.6 m/s (Koehn and Nichol, 2014). Other native fish
species, including Golden Perch, are also known to associate with woody debris for life history
requirements (Boys et al. 2013; Koehn and Nichol, 2014).
The 6,000 ML/day flow indicator involves the provision of a small in-channel pulse for a minimum of
20 days 7 years out of 10 years on average. This flow indicator’s primary objective is to provide regular
habitat access and In-channel Specialist spawning opportunities and it is considered appropriate for
there to be one event in the season. This flow indicator would inundate approximately half of the
snags outside weir pools on the Barwon-Darling River between Brewarrina and Tilpa, providing
improved environmental outcomes for Murray Cod, identified as one of the dominant native fish
species for some sites between Brewarrina and Bourke (NSW DPI, unpublished; Boys and Thoms,
2006).
The 21,000 ML/day flow indicator involves an increased flow to achieve a large pulse event for a
minimum of 20 days four times a decade on average. This flow would provide significantly improved
access to woody debris in this zone, including approximately 99% of the snags outside the weir pool
between Brewarrina and Bourke, and 95% of snags outside the weir pool between Bourke and Tilpa.
The minimum of 20 days duration for both flow indicators is based on known spawning and
recruitment requirements for In-channel Specialists, where a stable flow peak for up to 20 days allows
for nest establishment, maintenance, and egg hatching. The proposed timing for both flow indicators
is August to May (i.e. does not include the two coldest month of the year when fish responses would
be reduced). The proposed timing is consistent with existing knowledge of spawning and recruitment
requirements for Murray Cod (late winter/spring and early summer) and the other native fish species
in the Northern Basin. The timing has not been constrained to the spawning season, however, the
hydrology of the system means that the high flow season occurs during the spawning season and the
events that fall outside this season will remain important for processes such as fish conditioning,
primary productivity, and movement. The frequency of the two flow indicators is set at 60-80% of
without development conditions, which provides the preference to have more than two spawning and
recruitment opportunities per decade for the In-channel Specialist functional group.
Both flow indicators could also provide other fish related benefits, including improvements in primary
productivity and connectivity. Flows of 6,000 ML/day at D/S 19A and Beemery would inundate around
77% of benches outside the weir pools between Bourke and Tilpa, promoting primary productivity for
fish maintenance and condition. Additionally, it is expected that flows of 21,000 ML/day would
inundate 100% of the mapped in-channel outside the weir pools benches along the Barwon-Darling
between Brewarrina and Wilcannia.
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Flows of 6,000 ML/day gauged at Louth would also provide longitudinal connectivity between Louth
and Wilcannia through the drown-out of the weir at Tilpa, which would potentially allow for upstream
and downstream movement of all fish species present in the system. Flows of 21,000 ML/day would
however provide system-scale connectivity, allowing access to other Northern Basin systems and
tributaries.
7.3 Flow indicators for the Darling River at Wilcannia
Ecological objective
To improve the inundation of key habitat features that contribute to primary productivity along the
Barwon-Darling River, enhancing opportunities to improve food supply and body condition for native
fish.
To improve the system wide connectivity along the Barwon-Darling River, enhancing upstream and
downstream migration and movement opportunities for native fish.
Environmental Water Requirement
Minimum of 2 flow events of 6,000 ML/day for 8 consecutive days from August to May for 44% (high
uncertainty) to 59% (low uncertainty) of years.
Minimum of 1 flow event of 20,000 ML/day for 5 consecutive days from August to May for 44% (high
uncertainty) to 58% (low uncertainty) of years.
Rationale
The implementation of these flow indicators would promote pre-spawning, larval, and juvenile fitness
for all functional groups in the Barwon-Darling through the inundation of benches and other instream
habitat, focussing on the lower reaches between Brewarrina and Wilcannia where a greater number
and area of benches important for primary productivity are located.
The two 6,000 ML/day events in a year for a minimum of 8 days would inundate around 90% of the
mapped benches outside the weir pools on the Darling River between Tilpa and Wilcannia. The dual
peaks in a season reflects the natural hydrology where multiple events in the year are common for
this flow component. The provision of the second peak would promote productivity benefits and the
successful recruitment of larvae and juveniles through the provision for dispersal, and access to
habitat and suitable prey.
The single 20,000 ML/day event would inundate 100% of the mapped benches outside the weir pools
between Brewarrina and Wilcannia, whilst also providing some level of floodplain connectivity based
on the wetland and anabranch commence to flow information provided by Brennan, 2002.
The shorter durations of the two proposed flow indicators is considered adequate to enable the
release of nutrients, with the majority of releases largely occurring in the first 24 hours of inundation
before stabilising (Lowes et al. 2008). This duration would also allow fish life history outcomes such as
movement and habitat use to be achieved.
Late winter/spring flows are intended primarily to support pre-spawning conditioning for all functional
groups through inundation of in-channel benches and aquatic habitat, whilst summer peaks are
intended to provide inundation of in-channel benches and habitat to support larval and juvenile
habitat access. The proposed timing for both flow indicators is August to May (does not include the
two coldest month of the year when fish responses would be reduced). The proposed timing is
consistent with the pre-spawning conditioning and larval and juvenile habitat access but is not
constrained and also allows for other important processes such as fish conditioning, primary
productivity, and movement.
Although not the primary environmental objective, these flows may also provide some opportunities
for spawning and recruitment outcomes for Generalists, Flow Dependent Specialists, In-channel
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Specialists, and Floodplain Specialists that are more opportunistic and quicker to respond to the
shorter duration event. These species include Bony Bream, Golden Perch, and Spangled Perch, which
are the dominant species found for most of the lower reach, as well as threatened Silver Perch and
Olive Perchlet that are expected to occur along the Barwon-Darling between Brewarrina to Wilcannia.
Additionally, the flow indicators would also provide access to other instream habitat, including refuge
pools and snags. Flows of 6,000 ML/day would inundate around 28% of snags outside weir pools
between Tilpa and Wilcannia. This may provide some base level of access to important aquatic habitat
for the maintenance of relevant functional groups including In-channel Flow Dependent Specialists
(Murray Cod) and Flow Dependent Specialists (Golden Perch). Flows of 20,000 ML/day would inundate
around 76% of snags outside weir pools between Tilpa to Wilcannia, providing significant access to
aquatic habitat for larvae and juvenile fish.
The two small pulse events of 6,000 ML/day every four to five years on average would facilitate some
meso-scale connectivity benefits within the Bourke to Tilpa, and Tilpa to Wilcannia reaches, including
connectivity past Tilpa Weir, which could allow species to colonise and move into suitable habitat in
downstream reaches.
The larger 20,000 ML/day bankfull event every four to five years on average will promote broader
productivity benefits, whilst providing system scale connectivity important for the movement and
recolonisation opportunities for all species, but especially Flow Dependent Specialists and In-channel
Flow Dependent Specialists.
The frequency of the two flow indicators is set at 60-80% of without development conditions, which
is consistent with the natural hydrology of the system.
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Table 13: Proposed site specific flow indicators for the Barwon-Darling River based on outcomes from the Fish and Flows in the Northern Basin project and
associated analysis of targets against without development and baseline conditions, showing that the proposed targets are within expected without
development frequencies and will result in significant improvement son baseline conditions.
Representative
gauge

Flow threshold
(ML/day)

Duration in
days
(minimum
continuous)

Timing

Low uncertainty
frequency
target
(% of years)

High uncertainty
frequency target
(% of years)

Without
development
frequency
(% of years)

Baseline
frequency
(% of years)

Bourke

6,000

14

Min 1 event between 80
Jul and Jun

80

96

68

Bourke

10,000

14

Min 1 event between 80
Aug and May

60

89

55

Bourke

10,000 (with minimum 20 (5 days at Min 2 events between 34
peak of 15,000)
15,000)
Aug and May

25

42

20

Louth

6,000

20

Min 1 event between 70
Aug and May

70

91

60

Louth

21,000

20

Min 1 event between 40
Aug and May

40

54

32

Wilcannia

6,000

8

Min 2 events between 59
Aug and May

44

74

39

Wilcannia

20,000

5

Min 1 event between 58
Jul and Jun

44

73

40
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8. Conclusion
The Fish and Flows in the Northern Basin project has improved the understanding of EWRs for fish in
the Northern Murray-Darling Basin, helping to ensure that the science underpinning the EWRs for fish
species in the Northern Basin is current and based on best available knowledge. Prioritised reach scale
assessment for the Barwon-Darling has helped describe flow related attributes of the valley, including
hydrological conditions, fish barriers and connectivity issues, aquatic habitat condition, and fish
community status, improving and consolidating the understanding of hydrological and ecological
information for the system.
River regulation has had significant impacts on the natural flow regime in the majority of Northern
Basin valleys, with increased surface water use reducing flows into most systems. Analysis of water
management related information has shown that the high degree of water development across the
Northern Basin has impacted the frequency, duration and magnitude of flow events across the
Barwon-Darling, influencing the hydrological, hydraulic and ecological conditions that native aquatic
biota, including fish are reliant on for survival. The degradation of key habitat features across most of
the Barwon-Darling has been exacerbated by the modification of natural flows, having a significant
effect on the status of native fish populations in the system. A large portion of the fish community in
the Barwon-Darling is in moderate condition, with very few reaches containing fish communities in a
good or very good status. However, the identification of these reaches, particularly fish communities
in a moderate condition, presents excellent potential for population recovery if management
decisions are developed and implemented based on best available science in a holistic adaptive
framework.
The Fish and Flows in the Northern Basin project has provided the opportunity to assess the latest
information related to fish and flow interactions across the Basin. The review of the most current
literature and use of expert knowledge from the Northern Basin has helped to refine fish functional
groups specific to conditions of the Northern Basin based on biological, hydrological and hydraulic
similarities related to spawning, recruitment and movement. The formation of Northern Basin fish
functional groups has enabled overarching conceptual flow models to be developed that identify the
importance of certain flow characteristics and hydrological variability for groups of species.
This information can be used to guide the development of the EWRs that can be used within the Basin
Plan Integrated Modelling Framework used by MDBA to model environmental outcomes of water
recovery scenarios, as recommended for the Barwon-Darling valley. The proposed EWRs for the
priority reach of the Barwon-Darling, focusses on enhancing longitudinal connectivity, habitat
availability, and native fish condition across the system, with the focus on improving spawning and
recruitment opportunities for dominant functional groups, whilst enhancing the maintenance and
condition of all native fish.
The information gathered may also help guide environmental water management for Northern Basin
systems over long term planning frameworks to maximise water use and environmental benefits;
however further refinement of conceptual flow models is dependent on the availability of system
specific flow related information to progress specific watering requirements similar to those used in
this report.
9. Recommendations for future management in the Northern Basin
Fish and Flows in the Northern Basin project has considerably advanced information and thinking for
water management in key valleys of the Northern Basin related to fish and river health outcomes.
However, knowledge gaps still exist that require attention to enhance the development of future
environmental water requirements. The outcomes achieved from water recovery and management in
the Northern Basin would be greatly enhanced by the development and implementation of a
complementary aquatic habitat rehabilitation and adaptive monitoring program. Consideration of the
complementary actions are largely outside the scope of the Fish and Flows in the Northern Basin
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project; however it is important to acknowledge and progress the implementation of such programs,
as addressing these gaps will be critical in enhancing the effectiveness of water recovery and
management for the Northern Basin.
To improve native fish populations and river health throughout the Northern Basin, future
environmental water management need to consider:


Undertaking further habitat mapping along other systems of the Northern Basin

As part of the Fish and Flows in the Northern Basin project detailed habitat mapping has been
undertaken along the Barwon-Darling River between Mungindi and Wilcannia, with outcomes
discussed in this report. A comprehensive habitat database has been developed, including important
habitat features such as large woody debris, in-channel benches, aquatic macrophytes, deep pools,
and lateral connections for the system, allowing commence-to-inundate flow information to be
determined. Complementing this activity, mapping and investigation of persistence for priority refuge
holes in the Barwon-Darling and Lower Balonne is also being completed under the Northern Basin
Review. These activities will significantly improve the knowledge of flow, habitat and connectivity
requirements in the Barwon-Darling, providing greater certainty in developing specific environmental
water requirements for fish in this system.
Significant gaps still exist in our understanding of habitat features and their relationship to river flow
across the remainder of the Northern Basin. Priority reaches for future habitat mapping similar to that
being undertaken along the Barwon-Darling include the Lower Balonne, Gwydir and Border Rivers.
Fine-scale habitat mapping in these systems would help develop a comprehensive habitat database
for the Northern Basin, whilst further work in the Namoi and Macquarie valleys, which have had some
level of habitat mapping completed but would benefit from flow interaction analysis of existing data,
would help with gaining a better understanding of habitat and flow interactions for these systems.
This information, coupled with fish community details and water management information, would
allow critical flow thresholds to be identified in relation to inundation values, structure drown out
requirements, and bankfull capacity volumes, helping to develop specific water requirements and
strengthen water management actions across the Northern Basin.


Analysis and modelling of flow hydrodynamics in the Barwon-Darling

Analysis of fish-flow relationships has generally focused on flow volumes, however there is also
increasing recognition of the importance of flow hydrodynamics, including a mosaic of interconnected
still and flowing water habitats, and hydrological connectivity, where river and floodplain hydrographs
are in phase and transport of carbon and propagules occurs freely (Mallen-Cooper and Zampatti, 2015;
p.2). While hydraulic complexity often increases with increased flow discharge, it can also be
independent of flow and determined by river gradient, channel morphology, presence of weirs and
the structural complexity of habitat. Hydraulic complexity is fundamentally reduced by weirs, loss of
snags and sedimentation, which reduces substrate and channel complexity (Mallen-Cooper and
Zampatti, 2015). The spatial scale of flow and hydro-dynamics can also occur at multiple scales,
including micro (<100m), meso (100m to 10s km) and macro (100s km). These scales can directly affect
fish and other aquatic biota in terms of life cycle, recruitment processes and population dynamics
(Mallen-Cooper and Zampatti, 2015).
There has been relatively limited modelling of hydrodynamics to assess the difference between
discharge, velocity and depth. Work in the Southern Basin for the South Australian River Murray
channel used a combination of hydrologic modelling and hydrodynamic modelling to assess
relationships between discharge, velocity and depth (Wallace et al. 2014). In particular, hydrologic
modelling used by the MDBA for the Basin Plan was used to assess the frequency of events over a 114
time period. Hydrodynamic modelling (MIKE 21, similar to NSW IQQM modelling) was then used over
shorter time periods to convert flow (discharge) in the river to an assessment of spatial distribution in
water level and velocity (input data including land surface elevation, surface roughness, initial water
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level and eddy viscosity for each grid cell) (DEWNR, 2012; Wallace et al. 2014). Results suggest that
the hydrodynamic modelling was ‘sufficiently representative to be fit-for-purpose’ and able to
represent modelled ‘natural’ conditions (no weirs), current conditions and weir pool manipulations
(Wallace et al. 2014; p.2).
This detailed modelling was considered out of scope for this project; however it is recommended that
it be considered for future work in the Barwon-Darling and other Northern Basin valleys as
appropriate, drawing on information from other Northern Basin Review projects, including inundation
modelling and the waterholes refugia project, to provide additional ecological analysis to guide future
refinement of EWRs (beyond timeframes of the Northern Basin Review) and the management of water
in the Northern Basin.


Developing a fish management strategy for the Northern Basin

In addition to addressing key knowledge gaps related to environmental watering it is also important
to acknowledge that flow management actions in isolation may not achieve the desired objectives and
outcomes for river health and native fish populations in the Northern Basin. The critical riverine
components of habitat and connectivity will also need to be considered in management planning and
implementation, and whilst aspects of these components are integrated with flow management,
additional complimentary actions will also be needed to achieve the most effective and efficient
outcomes.
These actions should include targeted habitat rehabilitation such as riparian management, including
native revegetation, aquatic planting, and weed control; resnagging; erosion control; fish
passage/connectivity remediation; reducing the impact of extraction through offtakes on fish; cold
water pollution mitigation, and; alien fish management. The development of valley scale aquatic
management plans would benefit from and be guided by fine-scale habitat mapping activities, which
would also collect information on the condition of aquatic and riparian habitat, and provide a
prioritised and coordinated strategy that maximises water management for improved river health.
The development of a fish management strategy for valleys will also need to consider and manage for
potential negative impacts associated with the implementation of environmental water programs. In
the Northern Basin this may include the proliferation of alien fish species and the occurrence of water
quality impacts such as cold water pollution and black water events. Using relevant flow related
information of all fish species to form functional groups and develop flow regimes will ensure that the
effects of both alien and native fish are considered, allowing water requirements to be developed that
do not provide an unnecessary advantage to alien fish over native fish. The historical occurrence of
cold water pollution and black water events in the Northern Basin also provides a challenge for the
responsible delivery of environmental water. The impacts of cold water pollution are exacerbated
downstream of major impoundments when water is delivered during warmer periods, with cold water
releases from the bottom of dams severely reducing the natural warmer water temperatures, whilst
black water events are intensified when periods of drought are punctuated by floodplain inundating
flows that return organic matter to the river channel. Both of these impacts have the potential to
reduce water quality and affect aquatic biota responses, with their consideration required in the
development and implementation of flow regimes, as well as the implementation of appropriate
mitigation actions, such as the installation of thermal curtains.


Committing to a long term, adaptive management plan driven by monitoring and evaluation
The hydrological and hydraulic variation required to restore key elements for fish in the Northern
Basin will differ across functional groups, and whilst some benefits will be experienced across groups
from different flow regimes, a long term commitment to adaptive management to flow and aquatic
habitat management is required to maximise outcomes. Management plans that consider flow,
habitat and connectivity need to include objectives for each functional group to ensure benefits are
experienced across all native fish communities over relevant spatial and temporal scales. The

81

development and implementation of a rigorous monitoring program is essential to help validate
program assumptions and measure the success of flow delivery and water requirements against the
program objectives. Information about the use of habitat by fish and their response to certain flow
delivery scenarios will allow management plans to be evaluated and flow hydrographs to be adapted
to ensure that outcomes are optimised, whilst providing confidence in stakeholders that decision
making is being informed by biological information. Monitoring activities are being implemented as
part of Commonwealth environmental watering actions (Long-Term Intervention Monitoring) and
Basin Plan implementation; however it is important that any gaps in existing programs are identified
and prioritised for action to ensure that outcomes from environmental watering across a range of
different valley types are captured and used to guide management decisions. In addition to this, it is
essential that monitoring information and research outcomes are communicated and readily
accessible to advance knowledge and management actions across related systems where applicable.


Continued and sustained cross-disciplinary and inter-jurisdictional collaboration on information and
knowledge of ecological relationships in the Northern Basin.
The Northern Basin Expert Panel workshop held as part of the project effectively established and
fostered linkages between relevant academic and government experts. The Fish and Flows in the
Northern Basin project also gathered a range of relevant knowledge, expertise and information related
to fish and flow relationships in the Northern Basin. While much of this information is readily
accessible, other material occurs in variable formats and is held by a number of different institutions
and agencies. To support the proposed long-term adaptive management plan and Northern Basin fish
management strategy, it would also be useful to review existing data management and sharing
arrangements relating to fish and flow information in the Northern Basin. This could form the basis of
a knowledge management sub-strategy and development of appropriate information sharing
arrangements that protect intellectual integrity and effort, while also promoting a collaborative and
open approach to management of existing and future data and shared commitment to identifying and
addressing knowledge gaps.
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Appendix
Appendix A – Modelled discharge percentile analysis for flows at Walgett, Bourke and Wilcannia (1895 – 2009), showing relative differences (expressed
as a percentage) between without development and baseline conditions. The 95th percentile represents flows that are exceeded 95% of the time (i.e. low
flows).
The closer a flow percentile is to 100% (without development reference conditions) the less impacted it is. Green shading represents baseline greater than
without development; Yellow shading represents baseline between 60% and 100% of without development; Orange shading represents baseline between
40% and 60% of without development; Red shading represents baseline less than 40% of without development (source: MDBA).
a) Barwon River at Walgett
Flow percentile

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

95th

139%

86%

102%

214%

184%

132%

115%

204%

111%

65%

139%

129%

90th

95%

69%

80%

111%

130%

99%

86%

77%

40%

44%

64%

79%

80th

63%

58%

59%

72%

73%

68%

63%

42%

34%

34%

46%

51%

75th

52%

52%

53%

67%

67%

64%

59%

41%

31%

31%

41%

49%

median

32%

32%

38%

49%

64%

51%

42%

46%

30%

38%

35%

32%

30th

30%

34%

39%

38%

58%

52%

42%

41%

31%

40%

36%

31%

25th

32%

38%

43%

40%

59%

49%

43%

38%

33%

41%

33%

36%

20th

40%

46%

43%

50%

55%

39%

45%

40%

39%

43%

37%

39%

15th

45%

51%

48%

52%

57%

46%

48%

42%

40%

46%

43%

42%

10th

52%

55%

50%

52%

62%

53%

54%

47%

44%

52%

52%

44%

5th

54%

63%

70%

60%

63%

57%

67%

64%

46%

49%

48%

48%

b) Darling River at Bourke
Flow percentile

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

95th

348%

222%

207%

295%

342%

332%

326%

294%

466%

185%

729%

368%

90th

175%

109%

125%

158%

210%

180%

201%

160%

93%

108%

140%

162%

80th

78%

58%

52%

78%

94%

123%

121%

63%

56%

50%

73%

92%

75th

56%

45%

39%

59%

83%

111%

101%

53%

40%

43%

65%

78%

median

23%

22%

23%

29%

52%

62%

46%

34%

29%

28%

30%

27%

30th

27%

27%

31%

36%

36%

50%

37%

37%

37%

37%

37%

30%

25th

29%

35%

34%

37%

37%

49%

39%

35%

37%

37%

39%

32%

20th

31%

38%

42%

38%

43%

49%

44%

33%

37%

37%

38%

35%

15th

35%

48%

51%

49%

46%

46%

46%

42%

40%

51%

45%

38%

10th

40%

64%

58%

63%

50%

50%

52%

60%

48%

47%

46%

41%

5th

55%

54%

61%

61%

57%

70%

62%

67%

67%

56%

53%

58%

c) Darling River at Wilcannia
Flow percentile

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

95th

309%

136%

110%

167%

326%

267%

291%

266%

696%

311%

864%

1226%

90th

112%

70%

66%

92%

124%

169%

135%

142%

84%

75%

94%

136%

80th

49%

31%

32%

38%

62%

81%

86%

56%

40%

30%

42%

52%

75th

27%

24%

23%

28%

54%

71%

69%

41%

28%

23%

34%

41%

median

15%

12%

16%

19%

20%

36%

30%

22%

23%

15%

18%

17%

30th

24%

24%

28%

29%

31%

41%

36%

38%

33%

25%

29%

25%

25th

28%

28%

33%

33%

34%

45%

38%

37%

36%

26%

38%

34%

20th

29%

38%

47%

38%

37%

43%

41%

36%

32%

25%

42%

33%

15th

29%

44%

58%

47%

44%

50%

45%

46%

34%

39%

45%

41%

10th

38%

56%

82%

72%

53%

55%

53%

57%

49%

48%

46%

43%

5th

55%

77%

95%

91%

84%

71%

76%

96%

89%

80%

57%

73%
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Modelled discharge flows for percentile analysis at Walgett, Bourke and Wilcannia (1895 – 2009) in ML/day.
a) Barwon River at Walgett – Baseline Conditions
Flow percentile
95th

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

98

107

93

60

50

72

70

62

40

35

50

60

90th

140

147

128

88

68

94

96

91

60

62

76

92

80th

216

237

207

149

103

126

149

147

129

118

126

148

75th

257

280

255

184

125

140

179

193

171

141

148

182

median

549

674

716

450

320

309

565

802

519

441

415

458

30th

1331

2084

2384

1296

737

896

1977

2126

1408

1122

1166

1380

25th

1751

3135

3456

1919

977

1348

2711

2637

1894

1500

1527

2065

20th

2666

5368

4765

3169

1330

1913

3957

3466

2813

2190

2264

2973

15th

4108

9902

7623

4728

2162

3708

6063

4892

3970

3698

3771

4300

10th

7053

17595

13057

7369

4033

6610

10556

8420

6081

6340

6633

6721

5th

13598

39664

36203

14836

9154

11970

24550

20206

9783

9996

11291

13422

Jun

Jul

Aug

b) Barwon River at Walgett – Without Development
Flow percentile
95th

Jan

Feb

Mar

Apr

May

Sep

Oct

Nov

Dec

70

124

91

28

28

54

61

30

36

54

36

46

90th

147

214

159

80

52

95

111

119

149

143

120

117

80th

344

408

349

206

141

185

236

352

379

343

277

289

75th

493

544

484

275

186

220

302

473

545

450

360

374

median

1740

2098

1907

918

499

601

1361

1752

1738

1165

1188

1411

30th

4414

6045

6122

3378

1279

1716

4739

5179

4471

2784

3264

4456

25th

5464

8281

8010

4768

1643

2776

6299

6857

5655

3678

4640

5679

20th

6360

2436

4900

8828

8732

7123

5144

6170

7554

6625

11562

11159

15th

9164

19511

15741

9053

3765

8072

12657

11756

9975

8013

8870

10142

10th

13637

31716

26344

14272

6466

12465

19442

18097

13855

12292

12741

15189

5th

25260

62646

52048

24897

14430

20829

36493

31450

21047

20382

23288

27799

Jun

Jul

Aug

Sep

Oct

c) Darling River at Bourke – Baseline Conditions
Flow percentile
95th

Jan

Feb

Mar

Apr

May

Nov

Dec

332

339

373

205

142

225

283

188

173

187

205

233

90th

386

405

419

271

179

264

331

234

217

236

246

274

80th

442

463

476

399

246

341

404

358

339

332

326

334

75th

464

484

503

455

297

367

440

428

425

376

370

376

median

783

895

1228

962

658

638

962

1318

1066

638

622

632

30th

1928

2676

4707

3188

1569

1507

3008

3606

2881

1939

2145

2051

25th

2766

4472

6739

4369

2158

2077

4099

4540

3571

2510

3096

3013

20th

3730

6936

10126

6187

3200

3223

5775

6099

4641

3378

4220

4351

15th

5384

11110

16101

11137

4856

5191

9015

10395

6806

6511

6778

6270

10th

8938

19973

26099

19045

8415

10481

13646

18947

11182

9135

10020

9417

5th

18931

29755

45114

28618

18531

21647

23517

42938

26254

16196

16811

21435

Jun

Jul

Aug

Sep

Oct

d) Darling River at Bourke – Without Development
Flow percentile
95th

Jan

Feb

Mar

Apr

May

Nov

Dec

95

153

180

69

41

68

87

64

37

101

28

63

90th

221

371

336

171

85

146

165

146

234

218

176

170

80th

565

792

924

512

261

278

334

567

602

663

445

362

75th

825

1074

1295

777

357

332

434

802

1062

880

572

485

median

3384

4143

5443

3286

1255

1035

2098

3922

3706

2290

2098

2304

30th

7203

9997

15083

8884

4353

2993

8153

9831

7882

5303

5730

6768

25th

9418

12890

19970

11895

5792

4274

10463

12812

9585

6704

7991

9292

20th

12026

18332

23968

16357

7357

6545

12990

18364

12678

9025

11208

12560

15th

15573

23315

31354

22688

10661

11187

19469

24896

16951

12768

15013

16606

10th

22091

31314

45023

30246

16928

21016

26148

31607

23130

19309

21585

23186

5th

34473

54900

74252

46672

32538

30855

37691

63849

39044

28993

31867

36663
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e) Darling River at Wilcannia – Baseline Conditions
Flow percentile
95th

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

109

134

178

149

81

104

170

120

89

79

90th

133

160

203

186

121

138

182

149

119

80th

166

186

242

240

174

185

204

188

177

75th

179

208

270

273

214

214

217

211

median

514

439

791

857

502

431

552

30th

1866

2023

3914

3901

2406

1505

25th

2564

2994

6085

5591

3545

20th

3359

5563

10476

8062

15th

Dec
71

71

112

90

103

162

140

139

228

180

157

154

833

871

442

352

314

2416

3431

2783

1529

1795

1472

2198

3484

4307

3664

2102

3092

2753

5573

3052

5146

5926

4429

3021

4552

3975

5097

8065

10063

6857

6604

6531

6213

4497

8670

16485

13067

9128

10th

7773

14103

24530

21610

15125

9102

12005

15987

14108

10425

9514

9663

5th

15842

22761

29847

29849

25562

19676

21969

29005

30300

23610

15644

21251

Jun

Jul

Aug

Sep

Oct

f) Darling River at Wilcannia – Without Development
Flow percentile
95th

Jan

Feb

Mar

Apr

May

Nov

Dec

35

98

161

89

25

39

58

45

13

25

8

6

90th

119

230

307

202

97

81

135

105

142

149

96

76

80th

338

599

749

632

282

228

238

339

441

541

337

270

75th

663

857

1179

956

396

301

315

513

801

781

462

378

median

3382

3747

4967

4422

2492

1202

1831

3708

3834

2933

2000

1886

30th

7628

8452

14062

13421

7735

3692

6715

9005

8360

6231

6122

5840

25th

9243

10576

18643

17183

10469

4862

9233

11701

10143

8047

8246

8099

20th

11525

14716

22384

21148

14947

7145

12650

16238

13757

11922

10791

11968

15th

15460

19855

28290

27866

20945

10124

18094

21907

20188

16781

14559

15304

10th

20328

25142

29993

30086

28390

16603

22783

27860

28569

21717

20796

22482

5th

28978

29590

31454

32640

30282

27710

28962

30298

34124

29492

27599

28951
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Significant reductions in natural flows for the Barwon River at Walgett have most commonly occurred
in flows of the 20th – 50th%ile across the spring and summer months; however the broadest impacted
flows occur in September, ranging from the 15th – 90th%ile and include a 70% reduction in median
flows under current arrangements. Natural flows for this flow band in September at Walgett ranged
from 149 ML/day to 9,975 ML/day, with a median flow of 1,738 ML/day at Walgett. These flows have
now been reduced to ranging from 60 ML/day to 3,970 ML/day, and a median flow of 519 ML/day
under modelled baseline conditions.
This pattern continues moving down the system to the Darling River at Bourke, with the most
impacted flows occurring in the spring and summer months; however a greater range of flow
percentiles are also significantly impacted during winter and autumn. The broadest impacted flows
for the Darling River at Bourke occur in January and September, ranging from the 10 th – 50th%ile and
the 15th – 75th%ile respectively. This impact represents a reduction of natural flows that ranged from
3,384 ML/day to 22,091 ML/day in January (under current conditions these flows now range from 782
ML/day to 8,937 ML/day), and 1,062 ML/day to 16,951 ML/day (under current conditions these flows
now range from 425 ML/day to 6,805 ML/day) at Bourke.
The cumulative impacts of upstream influences on flows in the Barwon-Darling is most evident in the
Darling River at Wilcannia, where flows have been significantly reduced all year round, ranging from
the 10th – 80th%ile during summer to 20th%ile – median flows in winter. This impact represents a
reduction of natural flows that ranged from 749 ML/day to 20,328 ML/day in summer and 3,708
ML/day to 16,238 ML/day in winter, which now under current conditions range from 242 ML/day to
7,773 ML/day in summer, and 833 ML/day to 5,926 ML/day in winter at Wilcannia.
Percentile analysis of modelled discharge at key gauges of Walgett, Bourke and Wilcannia on the
Barwon-Darling River also shows that there has been a significant increase in base flows in the system
throughout the year, which again increases moving down the river. The Barwon-Darling system
experiences frequent periods of low flow conditions, as evidenced by the recent millennium drought;
however the increased contributions from end-of-system flows in upstream tributaries, including the
Macintyre, Namoi and Macquarie Rivers, has resulted in a significant increase in the level and
persistence of base flows in the Barwon-Darling River at Bourke, having potential ecological
implications for the system (N. Foster, pers. comm., 2013). Natural low flow periods can play an
important role in providing refugia and facilitating suitable conditions for fish spawning and
recruitment by providing warmer water temperatures and enhancing phytoplankton and zooplankton
availability and concentrations (Humphries et al. 1999; King et al. 2003; Rolls et al. 2013).
Further investigations are required to determine the potential effects of increased base flow levels on
native fish populations in the Barwon-Darling system. Notwithstanding this, the role of base flows and
‘cease to flow’ aspects of the flow regime for the Barwon-Darling should not be over-estimated. While
modelled ‘without development’ flows suggest the system did experience periods of no flow, these
are likely to have been of short duration, with the river being characterised by flowing conditions most
of the time (NSW DPI, 2015c).
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